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ABSTRACT. Random amplified polymorphic DNA (RAPD) is a
widely used molecular marker technique. As traditional RAPD has
poor reproducibility and productivity, we previously developed an
improved RAPD method (termed RAMP-PCR), which increased
the reproducibility, number of bands, and efficiency of studies on
polymorphism. To further develop the efficiency of this method, we
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used high-GC content primers for improved RAMP-PCR with DNA
samples from Lonicera japonica. Comparison of amplification profiles
obtained by standard RAPD primers with those obtained by regular PCR
and RAMP-PCR, and high-GC primers with regular PCR and RAMP-
PCR showed that the average number of bands and polymorphisms per
primer gradually and significantly increased (from 6.4 to 15.0 and from
4.6 to 10.2, respectively). Cluster dendrograms showed similar results,
indicating that this new method is consistent and reproducible. A total
of 22 samples from different species, including plants, animals, and
humans, were used for RAMP-PCR with high-GC primers. Multiple
bands were successfully amplified from all samples, demonstrating that
this method is a reliable technique with consistent results and may be of
general interest in studies on different genera and species. We developed
highly effective DNA markers, which can provide a more effective and
potentially valuable approach than traditional RAPD for the genetic
identification of various organisms, particularly of medicinal plants.

Key words: High-GC primer; RAMP-PCR; DNA marker;
Random amplified polymorphic DNA; Genetic authentication

INTRODUCTION

Since the 1990s, the number of genetic- or DNA-based molecular marker techniques
has increased. These include random amplified polymorphic DNA (RAPD) (Williams et
al., 1990; Hess et al., 2000; Lima et al., 2011; Kumla et al., 2012; Fu et al., 2000, 2013;
Shakeel et al., 2013; Lamine and Mliki, 2015), internal transcribed spacer (Hess et al., 2000;
Varela et al., 2004; Pachuau et al., 2014), simple sequence repeat (Noormohammadi et al.,
2013; Lamine and Mliki, 2015), inter-simple sequence repeat (ISSR) (Noormohammadi et
al., 2013; Khadivi-Khub and Soorni, 2014), inter-retrotransposon amplified polymorphism
(Noormohammadi et al., 2013), single primer amplification reaction (Satish et al., 2016),
amplified fragment length polymorphism (Vos et al., 1995; Han et al., 2007; Khadivi-Khub
and Soorni, 2014), and restriction fragment length polymorphism (Jeffreys et al., 1985;
Tanksley et al., 1989) techniques. These techniques have been applied widely to various
unicellular and multicellular organisms across different research areas. For example, they
have been used alone or in combination with other markers for the assessment of genetic
diversity and characterization of germplasms, identification and fingerprinting of genotypes,
and molecular-assisted breeding (Agarwal et al., 2008; Fu et al., 2013; Shafiei-Astani et al.,
2015) in studies on ecology, evolution, taxonomy, phylogeny, and genetics. RAPD markers
alone or in combination with other markers are widely used for the genetic characterization of
different species.

The RAPD technique is based on the amplification of genomic DNA (where the
full genomic sequence is unknown) with single primers of 10-base nucleotide sequences.
These primers detect polymorphisms in the absence of specific DNA sequences, and the
polymorphisms function as genetic markers that can be used to construct genetic maps (Arif
et al., 2010). The RAPD technique requires low concentrations of template DNA without
any hazardous contamination, and is simple and inexpensive. However, it also has some
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disadvantages such as poor reproducibility and low productivity (Williams et al., 1990; Fu
et al., 2013; Mei et al., 2015a). However, the resolution and productivity of RAPD markers
are greatly increased by prolonging the RAMP time between the annealing and extension
stages in PCR (Fu et al., 2000, 2013; Mei et al., 2015a). Here, RAMP represents the stage
between annealing and extension in the PCR amplification, whereas RAMP rate represents the
rate of temperature increase during that period. RAMP-PCR is performed by extending the
RAMP time from the annealing to the extension stage, or by decreasing the RAMP rate. This
improved RAPD marker has been successfully applied alone or combined with other makers
for the identification of several medicinal plants (Fu et al., 2013; Long et al., 2015; Mei et al.,
2015a,b).

In this study, we aimed to develop a more effective DNA marker technique by using
improved RAPD or RAMP-PCR with high-GC content primers, in which the GC-content
reached 8-10 nucleotides in a 10-base oligonucleotide (oligos) length (80-100%), which we
termed “high-GC-RAMP-PCR”. This will provide a potentially valuable approach for the
genetic identification of various organisms.

MATERIAL AND METHODS
RAPD primers and high-GC primers

Standard 10-base oligos (G+C content of 60-70%) used for RAPD have been
previously described (Williams et al., 1990; Fu et al., 2013). Ten-base oligos with a high-
GC content (80-100%) were designed and synthesized at Beijing DNA Chem. Biotechnology
Co., Ltd. (Beijing, China). Oligos with 100% GC content were further purified using high-
performance liquid chromatography (HPLC) (Waters 2795, Waters Corporation, Milford,
MA, USA), and the quality was subsequently examined by HPLC. Primer sequences with
high-GC content are presented in Table 1.

Table 1. Sequences of high-GC primers.

Name Sequence Name Sequence

FY-1 CCAGCGCCCC FY-13 GCGTCCCGCC

FY-2 CTGCCGCCGC FY-14 CGTCCGCCGC

FY-3 CCGCCGCCGC FY-25 GTCGGCGGCG
FY-4 GCCCGCTGCC FY-26 GGTGCGCCGC
FY-5 CCAGCGTCCC FY-27 GCAGGCGGCG
FY-6 CCCGCGeecc FY-28 CGAGCCCGCC
FY-7 GCCCGCCGCC FY-29 GCCGACCGGC
FY-8 CTGCCGCCAC FY-30 CCGeaeeeae
FY-9 CAGCCGCCCC FY-31 CGTGGCCCCG
FY-10 GCTCCCGCCG FY-32 CGTGCCCGGC
FY-11 CCACCGCGCC FY-33 CTCGCGCCCC

DNA preparation

Lonicera japonica samples were obtained from different regions of Southern China,
including Shenzhen in Guangdong Province, Yichang in Hubei Province, Leshan and Emei
in Sichuan Province, and Loudi in Hunan Province, as described previously (Fu et al., 2013).
DNA from leaf samples of L. japonica and other plant species was extracted using the cetyl
trimethylammonium bromide method, with minor modifications (Fu et al., 2013). DNA from
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samples of other animal species was extracted using the phenol/chloroform method (Fu et
al., 2002, 2012). The 4T1 cell line used for DNA extraction has been previously described
(Khan et al., 2015). The use of human and animal samples for DNA extraction was
approved by the Ethics Committee of Southwest Medical University. Next, 1% agarose gel
electrophoresis and spectrophotometry were used to determine DNA quality. DNA samples
were adjusted to a final concentration of 10 ng/pL and then stored at -20°C until use (Fu,
2012; Fu et al., 2013, 2015).

Amplification of DNA by RAPD-PCR

PCR samples (10 pL total) were prepared as follows: 1 pL 2.5 uM primers, 1 pL
DNA template (10 ng) from L. japonica or other samples, 5 pL 2X PCR Taq MasterMix
(TianGen Biotech Co. Ltd., Beijing, China), and 3 pL deionized H,O. PCR conditions were
as follows: initial denaturation at 95°C for 90 s, followed by 40 cycles of 40 s at 94°C, 60
s at 36°C, 90 s at 72°C, and a final extension of 5 min at 72°C (Fu et al., 2013; Mei et al.,
2015a). PCR amplification was performed in an Applied Biosystems Veriti® 96-Well Thermal
Cycler (Life Technology, USA) (Fu et al., 2013; Mei et al., 2015a). For RAMP-PCR, the
conditions were similar to those described, with the exception of different RAMP rates. The
RAMP time between the annealing and extension stages at a RAMP rate of 5% (0.125°C/s),
10% (0.25°C/s), 20% (0.5°C/s), 40% (1°C/s), and 100% (2.5°C/s) were used in order to
compare the efficiency and specificity in some L. japonica samples. The highest rate (100%,
2.5°C/s) was used as the default condition, termed ‘regular PCR’. The RAMP rate between the
annealing and extension stages was adjusted from 2.5°C/s (100% RAMP rate) to 0.125°C/s
(5% RAMP rate) to compare the resolution and productivity of these two methods in all L.
Jjaponica samples with high-GC primers. Annealing temperatures of 30°, 36°, and 42°C at a
5% RAMP rate were used to compare the efficiency and specificity of the reaction using high-
GC primers.

Agarose gel electrophoresis

The PCR-amplified products were resolved on a 1.5% agarose gel by electrophoresis in
1 X Tris-acetate-EDTA buffer at 100 V for 50 min. To increase the resolution, the electrophoresis
was extended to 240 min at 60 V and 4°C. Next, gels were stained with ethidium bromide (0.5
pg/mL). Bands were photographed using the ChemiDoc XR (Bio-Rad, USA) (Fu, 2012). The
DL2000 DNA Marker, used in electrophoresis, was purchased from TaKaRa Biotechnology
Co. Ltd. (Dalian, China). We selected unambiguous and reproducible bands in successive
amplifications for scoring (Fu et al., 2013).

Statistical analysis

Bands in all gels from successive amplifications were documented as present (1)
or absent (0) (Fu et al., 2013; Mei et al., 2015a). The similarity matrix and the similarity
index were calculated using simple matching coefficient. The SAHN module ina NTSYS
pc 2.1 package was used to generate dendrograms, which were based on an unweighted
pair group method with arithmetic mean algorithm (UPGMA) (Rohlf, 2002; Fu et al.,
2013).
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RESULTS
Establishment of a RAPD marker for DNA analysis using high-GC primers

To increase the efficiency of RAPD amplification and to obtain more specific bands,
high-GC content primers FY-10 and FY-13 were used to amplify DNA by adjusting the
RAMP time at the stage between annealing (36°C) and extension (72°C) at a rate of 5%
(0.125°C/s), 10% (0.25°C/s), 20% (0.5°C/s), 40% (1°C/s), and 100% (2.5°C/s), using DNA
samples from LD L. japonica. After electrophoresis using a 1.5% agarose gel, the number
of amplified bands gradually increased with RAMP rates from 100 to 5% (Figure la). The
number of bands increased 5- to 7-fold with the high-GC primer FY-10, and 5- to 12-fold
with the high-GC primer FY-13 (Figure la), when the RAMP rate decreased from 100 to
5%. In addition, stronger band signals were observed at a RAMP rate of 5% using these two
primers, especially with primer FY-13. In the absence of a DNA template, no bands were
observed at either RAMP rate (data not shown). Our results revealed that a decrease in the
RAMP rate (especially at 5%) significantly increased the number amplification products and
subsequent bands. The annealing temperature commonly used in RAPD reactions is ~36°,
or ~2°C higher than the average melting temperature of standard primers. The equivalent
annealing temperature for 100% G+C or high-GC primers would be ~42°C. If an annealing
temperature below the melting temperature accounts for the increased number amplification
products observed with the high-GC primers, then increasing the temperature to ~2°C above
the melting temperature should lower the number of PCR products compared to those obtained
using standard primers. Similarly, lowering the annealing temperature should increase the
number of amplification products. To test this hypothesis, RAPD reactions utilizing a 5%
RAMP rate were performed with two DNA samples of L. japonica (Figure 1b) using the high-
GC primer FY-27 at annealing temperatures of 30°, 36°, and 42°C, respectively. Interestingly,
raising the annealing temperature to 42°C and dropping it from 36° to 30°C reduced the
number of DNA fragments and bands generated from each sample (Figure 1b). These results
suggest that an annealing temperature of 36°C is suitable for RAPD amplification. Further tests
involving five other high-GC primers confirmed that an annealing temperature of 36°C would
be better for RAPD amplification. Therefore, 36°C was selected as the annealing temperatures
using high-GC primers for use in subsequent RAPD-PCR.

Comparison of regular RAPD-PCR and RAMP-PCR with high-GC primers

Regular RAPD-PCR (100% RAMP rate) and RAMP-PCR (RAMP rate 5%) were
performed using all five L. japonica samples with different high-GC primers, including FY-
1, FY-13, and FY-25 to compare the efficiency of PCR amplification. Using primer FY-1,
only 3-5 bands amplified from each sample by regular PCR (Figure 2a); however, the PCR
products and number of amplified bands clearly increased (9-11) in RAMP-PCR (or improved
RAPD) (Figure 2a). Using primer FY-13, 3-9 bands were amplified from each sample by
regular PCR (Figure 2b), whereas the number of PCR products and DNA bands increased (8-
1) by RAMP-PCR (Figure 2b). Using primer FY-25, 3-6 bands amplified from each sample
by regular PCR (Figure 2c), but the levels of PCR products and DNA bands increased (6-8)
by RAMP-PCR (Figure 2c, right panel). In addition, the signal intensities of the amplified
bands at the matched position in the right panel were much stronger than those in the left panel
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(Figure 2) with these three high-GC primers, demonstrating that more amplification products
were generated by RAMP-PCR than by regular RAPD-PCR. Thus, the production, resolution,
and reproducibility were significantly increased in RAMP-PCR by high-GC primers.

bp
2000

1000
750
500
250

FY-10 FY-13 FY-27

Figure 1. Efficiency of random amplification of polymorphic DNA (RAPD) PCR under different conditions. a.
Comparison of different RAMP rates for RAPD PCR. Sample of Lonicera japonica from Loudi in Hunan Province
was used for RAPD amplification using high-GC primers FY-10 (left) and FY-13 (right) at RAMP rates of 5, 10,
20, 40 and 100%, respectively. b. Efficiency of different annealing temperatures on high-GC primers. FY-27 primer
was used to test the efficiency of different annealing temperatures 30, 36, and 42°C, respectively, using L. japonica
DNA samples from Yichang of Hubai Province (YC) (left) and Emei (EM) of Sichuan Province (right). Amplified
PCR products were resolved by electrophoresis on a 1.5% agarose gel. Lane M shows the DL2000 DNA marker
with indicated molecular weight size (bp).

a b c
Regular RAMP Regular RAMP Regular RAMP

M1234512345 bM1234512345 M1234512345

9 M12345
bp,

FY-14 FY-31

Figure 2. Comparison between regular RAPD amplification and improved RAPD amplification with a 5% RAMP
rate using high-GC primers. a. Comparison using primer FY-1. b. Comparison using primer FY-13. ¢. Comparison
using primer FY-25. Left panel indicates the results of regular RAPD amplification (regular PCR); right panel
indicates the results of improved RAPD amplification (RAMP-PCR). d. e. f. g. Representative results of banding
patterns in Lonicera japonica obtained by improved RAPD (5% RAMP rate) with different high-GC primers.
d. Primer FY-2. e. Primer FY-10. f. Primer FY-14. g. Primer FY-31. Lanes [ to 5 represent different L. japonica
samples presented in the order: Shenzhen of Guangdong Province, Yichang of Hubei Province, Leshan and Emei
of Sichuan Province, and Loudi of Hunan Province. Lane M represents DL2000 DNA marker with indicated
molecular weight size (bp).
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Amplification of L. japonica samples using an improved RAPD marker with
high-GC primers

The improved RAMP/RAPD technique using high-GC primers was used to complete
the amplification with other primers in all L. japonica DNA samples. A total of 22 high-GC
primers (Table 1) produced reproducible polymorphic PCR bands when the improved RAPD
amplification method was used (the representative results are shown in Figure 2d, e, f, and g).
From 22 primers, a total of 346 bands were generated, and each primer obtained between 6 and
17 bands, with an average 15.04 bands per primer. The size of the DNA fragments ranged from
150 to 2500 bp. A total of 65% of the 346 generated bands were polymorphic and the average
number of polymorphisms was 10.22 bands per primer.

The cluster dendrogram showed that the similarity coefficients among five L. japonica
varieties ranged from 0.47 to 0.82 (Figure 3a). This is consistent with results previously
obtained showing the similarity coefficients among five L. japonica varieties obtained by
RAMP-PCR using standard primers (Fu et al., 2013) (Table 2).

Table 2. Comparison of primers with different GC-contents for regular or improved random amplification of
polymorphic DNA (RAPD) analysis.

Primer type (GC content) 60-70% 80-100%

PCR type Regular RAMP Regular RAMP
Total No. of primers used 17 18 22 22
Total No. of amplified bands 109 147 210 346
Average bands/primer 6.41 8.16 9.13 15.04
No. of bands detected/primer 1-8 3-11 1-12 6-17
Total polymorphisms (%) 72.47 69 68.1 65
Average No. polymorphisms/primer 4.647 5.63 6.5 10.22

Regular PCR with RAMP-PCR for standard RAPD primers, and regular PCR
with RAMP-PCR for high-GC primers

To compare regular PCR with standard RAPD primers, regular PCR with high-
GC primers was performed using five L. japonica samples (Figure 3b and c). The cluster
dendrograms generated for regular PCR with standard RAPD primers, RAMP-PCR with
standard RAPD primers, regular PCR with high-GC primers, and RAMP-PCR with high-GC
primers are shown in Figure 3b, which was published in our previous study (Fu et al., 2013)
(Figure 3c and a). The cluster dendrograms show that the results are similar with regular PCR
and RAMP-PCR with standard RAPD primers, and regular PCR and RAMP-PCR with high-
GC primers using five L. japonica DNA samples.

The number of bands amplified per primer and polymorphisms detected using regular
PCR and RAMP-PCR with standard RAPD primers, and with regular PCR and RAMP-PCR
with high-GC primers are shown in Table 2. In regular PCR, 17 of 18 standard RAPD primers
generated polymorphic bands, although primer SBS-12 did not amplify well, whereas all 22
high-GC primers produced polymorphic bands in both regular PCR and RAMP-PCR. The
total number of amplified bands obtained using regular PCR gradually increased with standard
primers to RAMP-PCR with high-GC primers (109, 147, 210, and 346). The average number
of bands per primer (6.41, 8.16, 9.13, and 15.04), and average number of polymorphisms
per primer (4.65, 5.63, 6.50, and 10.22) also gradually increased, respectively. Interestingly,
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the total number of bands increased 2.35-fold, whereas both the average number of bands
and average number of polymorphisms per primer increased almost 2-fold (1.84 and 1.815,
respectively) when comparing high-GC primers with standard primers using RAMP-PCR.
Furthermore, when high-GC primers in RAMP-PCR are compared with standard primers in
regular PCR, the total number of bands increased 3.17-fold, where both the average number of
bands and the average number of polymorphisms per primer increased more than 2-fold (2.35
and 2.20, respectively). Total polymorphisms (%) were not significantly different (72.47, 69,
68.1, and 65 respectively) (Table 2).

LD 0.572 0.706 0.769 0.911 1

a s b
No sz Yc Ls EM LD
YC
sz 1
s Yo 0468 1
EM LS 0513 0734 1
o EM 0550 0661 0816 1
& Teo o piom Tas LD 0514 0661 0761 063 1
Coefficient
C sz d
No sz Yc Ls EM LD
YC
sz 1
LS
Yc 0598 1
M Ls 0565 0734 1
o EM 0551 0673 0743 1
o'se oo o072 o%0 ozs LD 0542 0720 0724 0878 1
Coefficient
e , f
No sz Yc Ls EM LD
YC
sz 1
s Yc 0609 1
M Ls 0615 0692 1
o EM 0592 0692 0800 1
1

ol6o 068 076 033 09
Coefficient

Figure 3. Dendrogram of five Lonicera japonica samples subjected to different RAPD PCR conditiosn. a. b.
Dendrogram of five L. japonica samples by regular RAPD PCR with standard primers. a. Dendrogram of five L.
Jjaponica samples. Bar on the bottom indicates the similarity index based on similarity matrix (SM) coefficients. b.
Genetic distance dendrogram for L. japonica samples. ¢. d. Dendrogram of L. japonica samples using regular RAPD
PCR with high-GC primers. ¢. Dendrogram of five L. japonica samples. Bar on the bottom indicates similarity
index based on SM coefficients. d. Genetic distance dendrogram for L. japonica samples. e. f. Dendrogram of L.
Jjaponica samples using improved RAPD PCR with high-GC primers. e. Dendrogram of five L. japonica samples.
Bar on the bottom indicates similarity index based on SM coefficients. f. Genetic distance dendrogram for L.
Jjaponica samples. Lanes 1 to 5 present the same order of samples as Figure 2.

Use of improved RAPD analysis in different species using high-GC primers

To test whether high-GC primers could be useful in different species, 22 samples
including different medicinal plants (L. japonica, Dimocarpus longan, Chenopodium album,
Ganoderma lucidum, Penthorum chinense, Penthorum sedoides, Dimocarpus confinis,
Gardenia jasminoides, Livistona chinensis, Viola philippica, and Gastrodia elata), animals
(rat), and human (normal DNA and cancer DNA), were used for RAMP-PCR with the FY-2
and FY-10 primers. The results showed that all samples amplified multiple bands (5-16) with
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the fragment sizes ranging from ~200 to ~3000 bp (Figure 4a). Comparison of regular RAPD
and improved RAPD with a 5% RAMP rate using samples from six different medicinal plant
species with the high GC primers FY4 and FY5 showed that improved RAPD amplified more
bands with higher productivity (Figure 4b).

a M12 34567 8 91011121314151617 1819202122

—-
-
”
-

FY-4 FY-5

Figure 4. Improved RAPD PCR analysis of different species using high-GC primers. a. High-GC primer FY-2.
Lanes 1 and 2 = Lonicera japonica from Guangdong and Sichuan, lanes 3 and 4 = Dimocarpus longan from
Guangdong and Guangxi, lanes 5 and 6 = Canarium album from Sichuan and Fujian, lanes 7 and 8 = Ganoderma
tropicum (Jungh.) Bres and Ganoderma gibbosum (Blumii et Nees) Patouillard, lane 9 = Penthorum chinense
from Gulin County in Sichuan, lane 10 = Penthorum sedoides, lane 11 = Dimocarpus confinis, lane 12 = Gardenia
Jjasminoides, lane 13 = Litchi chinensis from Guangdong, lane 14 = Viola philippica, lane 15 = Gastrodia elata
from Sichuan, lane 16 = mouse 4T1 breast cancer cell line, lane 17 = rat liver, lanes 18 and 19 = white blood cells
from male and female humans, respectively, lanes 20 and 21 = normal female breast tissue and cancer tissue, lane
22 = HEK293 cells. b. Comparison of regular RAPD and improved RAPD (5% RAMP rate) using samples from
different species and high GC primers FY-4 (left) and FY-5 (right). LL is D. confinis, LC is L. chinensis, GY is D.
longan, QG is C. album, LZ is G. lucidum, and ZZH is G. jasminoides. Lane M represents DL2000 DNA marker.

DISCUSSION

Analysis of genetic variation will help us to understand the molecular basis of
different biological phenomena in medicinal plants (Agarwal et al., 2008). Since genomic
sequencing projects have not yet been applied across the entire plant and animal kingdoms,
the development of molecular markers and information on their associations with phenotypes
should enable us to elucidate genetic variation or polymorphism. Advanced markers tend
to incorporate the advantages of several basic techniques (Hess et al., 2000; Agarwal et al.,
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2008; Kumla et al., 2012; Fu et al., 2013; Khadivi-Khub and Soorni, 2014). Newer methods
might also incorporate improvements in the methodology of basic techniques to increase the
sensitivity, repeatability or reproducibility, and resolution to monitor genetic discontinuity and
distinctiveness (Fu et al., 2000; Hess et al., 2000; Agarwal et al., 2008; Kumla et al., 2012;
Fu et al., 2013; Khadivi-Khub and Soorni, 2014). The RAPD technique has been widely used
for the genetic identification of different organisms since 1990 (Williams et al., 1990). An
improved RAPD technique using an extended RAMP time has been previously described by
us. This technique was found to increase band numbers, repeatability, and DNA production
(Fu et al., 2000), which was confirmed by ISSR (Fu et al., 2013; Mei et al., 2015b,c; Long et
al., 2015). In the present study, we used high-GC primers, which are 10 oligos long and have
a GC content of 80-100% to further increase the RAPD band specificity and amplification
efficiency.

The FY-10 and FY-13 primers were used to amplify DNA by adjusting the RAMP
time at the stage between annealing and extension at rates of 5% (0.125°C/s), 10% (0.25°C/s),
20% (0.5°C/s), 40% (1°C/s), and 100% (2.5°C/s), to optimize the technique. The 5% ramp
rate was found to significantly increase the number of bands and products. Next, primer FY-27
was used at annealing temperatures of 30°, 36°, and 42°C to test the efficiency of RAMP-
PCR. Interestingly, either raising the annealing temperature to 42°C or dropping it to 30°C
from 36°C reduced the number of DNA fragments and band-signal intensities generated from
both samples. These results indicate that the increased numbers of RAPD-PCR products or
signals obtained with the high-GC primers is not due to increased tolerance for mismatches at
these annealing temperatures. These results also suggest that 36°C is the optimum annealing
temperature for RAPD-PCR. Therefore, DNA fingerprints and cluster dendrograms can be
obtained using high-GC primers with improved RAPD amplification. However, the molecular
mechanism accounting for the increased amplification efficiency with the high-GC primers
remains unknown. This may be due to the existence of a higher GC content across the whole
genome of these plants and/or stronger binding ability of the primers resulting from three
hydrogen bonds between G and C, instead of two between A and T.

To compare the consistency and efficiency, PCR amplification by regular RAPD with
standard primers, RAMP-PCR with standard primers, regular RAPD with high GC primers,
and RAMP-PCR with high-GC primers were performed. Cluster dendrograms showed similar
results to those previously reported (Fu et al., 2013), which indicate that our newly developed
method of improved RAPD with high GC primers is consistent. Interestingly, in addition to
the increased yield of PCR products, the total number of amplified bands and average number
of polymorphic bands per primer increased significantly (Table 2). These results indicate
that high-GC content primers significantly increased band number, specific bands, and
amplification efficiency in RAPD. Although high-GC primers by regular RAPD also generate
an increased number of PCR products in a wide variety of other fungi, they do not appear to
generate the same results in other species, for example, soybean and wheat DNA (Williams
et al., 1990; Kubelik and Szabo, 1995). Thus, to further demonstrate whether the method of
improved RAPD with high-GC primers is an important approach for different species, 18
samples, including medicinal plants, animals, and humans were used for RAMP-PCR with
the high-GC primers FY-2 and FY-10, and multiple bands were successfully amplified from
all samples. The comparison of regular RAPD and improved RAPD using six different plant
species with the high GC primers FY-4 and FY-5 showed that improved RAPD amplified more
bands and generated more DNA. Thus, we have developed a useful approach for the genetic
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identification of species of plants and animals in different genera that are of general interest
by using improved RAPD analysis with high-GC content primers. A previous study reported
that regular RAPD analysis with high-GC primers only amplified well in some plants (Kubelik
and Szabo, 1995). Here, we refer to this effective DNA marker technique utilizing improved
RAPD with high-GC content primers as “high GC-RAMP-PCR”. This method may also be
very useful for developing sequenced characterized amplified region marker markers using
high GC-RAMP-PCR (Cheng et al., 2016).

We developed effective DNA markers by using RAMP-PCR with high-GC content
primers (high GC-RAMP-PCR), which may provide a potentially valuable approach for the
identification of various unicellular and multicellular organisms, particularly medicinal plants.
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