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Abstract. Mei flower is one of the most famous ornamental flowers in eastern Asia for its
blossoming in early spring. Amplified fragment length polymorphism (AFLP) is one of the
most frequently used techniques for analysis of genetic variation and is used herein for the
first time in Prunus mume. This research provides a detailed and modified AFLP protocol
for Mei genomic DNA digested with EcoRI/Pstl restriction endonuclease combinations.
The 10 best primer pairs of high polymorphism were screened from 256 primer combina-
tions that could reliably and repetitively distinguish 14 Mei samples and would be suitable
for genetic analysis of more cultivars. Ten primer pairs produced up to a total of 524
AFLP bands and up to 233 polymorphic bands. The ratio of polymorphic bands scoped
from 35.71% to 59.67%, and the average ratio was 44.46% in the 10 primers. AFLP is an
effective, inexpensive, and timesaving technique for the genetic differentiation of the Mei
cultivars, as evidenced in this study.

Full text’: This article, in detail, is available only in the electronic version of the Plant
Molecular Biology Reporter:

Key words: amplified fragment length polymorphism, genetic markers, primers selection,
Prunus mume Sieb. et Zucc.

Abbreviations: AFLP, amplified fragment length polymorphism; BSA, bovine serum al-
bumin; PCR, polymerase chain reaction; RAPD, random amplification of polymorphic
DNA; SDS, sodium dodecyl sulfate; SSR, simple sequence repeat; STS, sequence tagged
site; Taq, Thermus aquaticus; TBE, tris-borate-EDTA; TE, tris EDTA.

Introduction

Mei flower (Prunus mume, 2n = 16) is one of the most famous ornamental flow-
ers and fruit trees in China, Korea, and Japan and belongs to the Rosaceae family,
subfamily Prunoidese, genus Prunus L. In 1976, Watkins postulated a center of
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origin for Prunus in central Asia. Amplified fragment length polymorphism
(AFLP) markers in apricot supported the historical dissemination from its center
of origin in Asia (Hagen et al., 2002). The mountainous country in west China
was considered to be the natural distribution and genetic diversity centre of
Mei (Bao and Chen, 1994). Mei flower cultivars were classified into 3
branches, 6 groups, and 25 forms distinguished by its origin, branch gesture,
petal color, and other morphological characters in China (Chen, 1996). Mei
cultivars in Japan were classified into 7 groups examined by fruit size, petal
color, and random amplification of polymorphic DNA (RAPD) markers
(Shimada et al., 1994).

Most fruit crops in Rosaceae are woody perennials with a long
intergeneration period due to their juvenile phase and large plant sizes, which
make them poorly suited for classic genetic analysis. Diploid Prunus species have
the smallest genome among the major cultivated plants, with a genome size of
0.3 pg/1C (Bennett and Leitch, 1995). A number of polymerase chain reaction
(PCR)-based markers (RAPD, AFLP, sequence tagged site [STS], simple se-
quence repeat [SSR]) have been developed in recent years. Apricot diversity has
been studied by using isozymes (Byrne and Littleton, 1989), RFLP (de Vicente et
al., 1998), and AFLP (Hagen et al., 2002). Genetic linkage maps and comparative
mapping of Prunus species have been published using molecular markers
(Vilanova et al., 2003; Dirlewanger et al., 2004). AFLP markers of sharka resis-
tance were examined in apricot (Hurtado et al., 2002). Thirteen self-
incompatibility genes around the S-RNase gene have been investigated in Prunus
mume (Entani et al., 2003). However, studies on Mei cultivar core collections; en-
forcement of cultivar patent rights; and analyses of genetic relationship, diversity,
and phylogenetic data are very few at the DNA level. Knowledge of genetic varia-
tion among the available Mei flower germplasm is an important prerequisite for
future breeding and improvement programs. Marker-assisted breeding offers great
advantages for plant breeders for Mei cultivar improvement.

AFLP is frequently used for the identification of molecular markers because
of certain advantages over other techniques, such as high level of identified poly-
morphism, high reproducibility, and relative technical simplicity. Because PCR
primers are based on the sequences of the restriction enzyme and universal adapt-
ers to which they are ligated, the procedure requires no prior information about
the nucleotide sequences under investigation. AFLP markers are highly polymor-
phic and reproducible and thus represent a powerful technique for DNA analysis
that has improved fingerprinting and diversity studies (Vos et al., 1995). Modified
AFLP methods have been developed for some species in recent years (Manubens
et al., 1999; James et al., 2003; Kazachkova et al., 2004).

Mei has been domesticated for more than 2,000 y in China with abundant
cultivars. However, the genetic relationships of Mei cultivars were unclear. To ob-
tain Mei genetic variation information accurately and in detail, 14 Mei samples
from the China Mei Flower Research Center employing the AFLP technique were
investigated. The selected AFLP primers described below are especially useful
when a large number of Mei cultivars is studied, as they can speed up the analysis
and minimize expenses. In this study, an improved procedure was established, and
optimal AFLP primer combinations in Mei were selected.
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Materials and Methods
Plant materials

Thirteen Mei cultivars and a variety employed for screening AFLP primer combi-
nations were collected from the China Mei Flower Research Center. These materi-
als include Danhong Chuizhi, Xue Mei, Xiao Gongfen, Jiangnan Zhusha,
Jiangsha Gongfen, Jiangnan Taige, Da Yu, Fenpi Gongfen, Duo-e Zhusha, Fuban
Xiao Gongfen, Tiaoxue Chuizhi, Can Xue, Kinse-shidare, and Prunus mume var.
cernua.

DNA extraction

Genomic DNA was isolated from leaf samples following the SDS method
(Dellaporta et al., 1983) and diluted to 100 ng/uL for AFLP analysis. The quality
of genomic DNA was examined by means of agarose gel (0.8%) electrophoresis,
stained with ethidium bromide, and visualised under UV fluorescence. The qual-
ity and quantity of genomic DNA was accurately measured with spectrophotomet-
ric absorbency at 260 nm, 280 nm, and 220 nm, respectively.

AFLP adapters and primers

The AFLP reactions were referenced as described by Vos (1995). Adapters and
primers were synthesized by Sunbiotech (China). Adapters were denaturated as
follows: 65°C for 10 min, 37°C for 10 min, 25°C for 10 min, 4°C for 25 min, and
stored at —20°C. The structure of the EcoRI adapter is:

5-CTCGTAGACTGCGTACC
CATCTGACGCATGGTTAA-Y
The structure of the PstI adapter is:

5-ATGAGTCCTGAGGTGCA
GACGTACTCAGGACTCC-5
Adapters are compatible with the restriction endonuclease combinations
EcoRI1/Pstl sites in this study. Primers sequences for the first round of PCR ampli-
fication included a core sequence and enzyme-specific sequences. Primers for the
second round of PCR included the same core and enzyme sequences followed by
2 selective bases.

AFLP template preparation

Genomic DNA (200 ng) digested with EcoRI and PsfI, each restriction
endonuclease with 6-bp recognition site. Digestion was performed at 37°C for 4 h
with 3 U EcoRI, 3 U Pstl in 25 uL volume and 1x buffer H (90 mM Tris-HC1
[pH 7.5], 10 mM MgCl,, 50 mM NaCl, and 50 ng/uL. BSA). After digestion, the
block was incubated at 65°C for 30 min.

The digestion block was added to a 25-uL mixture solution comprised of
50 ng EcoRI adapter, 50 ng PstI adapter, 1 U T4 DNA ligase, and 1x ligase buffer
(1 mM ATP, 30 mM Tris-HCI [pH 7.5], 10 mM MgCl,, 10 mM MDTT, 50 ng/uL.
BSA) at 16°C for 4 h. This ligation mixture was diluted 10x with TE buffer,
stored at —20°C, and used as template in the preamplification PCR reaction.
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AFLP reactions

The preamplification volume contained 1 U 7aq polymerase, 3 uL ligation mix-
ture, 50 ng EcoRI primer, 50 ng Pstl primer, 0.2 mM dNTPs, 10 mM Tris-HCI
(pH 8.3), 50 mM KCI, 1.5 mM MgCl,, and sterile water to 25 uL. Pream-
plification primers had no selective base. This reaction was performed for 25
cycles with the following cycling profile: 1 min denaturation at 94°C, 30 s anneal-
ing at 56°C, and 90 s extension at 72°C. A final extension step incubated at 72°C
for 5 min. After 30-fold dilution in TE buffer, this stock was used for all further
selective amplifications.

Selective amplification volume contained 0.8 U Tag polymerase; 3 uL
preamplification mixture; 50 ng EcoRI selective primer and 50 ng PstI selective
primer with 2 selective bases, respectively; 0.2 mM dNTPs; 10 mM Tris-HC1
(pH 8.3); 50 mM KCI; 1.5 mM MgCl,; add sterile water to 20 uL. This reaction
was performed for 35 cycles with the following cycling profile: 1 min denatur-
ation at 94°C, 30 s annealing step (see below), and 90 s extension at 72°C. The
annealing temperature in the first cycle was 65°C, and this was subsequently re-
duced each cycle by 1°C for the next 10 cycles and was continued at 56°C for the
remaining 25 cycles. A final extension step incubated at 72°C for 5 min. All am-
plification reactions were performed in a PTC-100TM thermocycler (MJ Re-
search, Inc.). In all blocks, 30 UL of mineral oil was added to prevent water
evaporation.

Gel electrophoresis and silver staining

The quality and quantity of the amplification product was examined by means of
agarose (0.8%) gel electrophoresis stained with ethidium bromide and visualised
under UV fluorescence as a smear across bromophenol blue. We added 9 pL of
deionized formamide, 1 UL of 5x TBE buffer, 0.05% (w/v) of bromophenol blue,
and 0.05% (w/v) of xylene cyanol FF to the 10 uL. PCR products, and the PCR
products were denaturated for 3-5 min in boiling water. The blocks were immedi-
ately placed on ice for 10 min. The AFLP products were separated on 6.0% (w/v)
denatured polyacrylamide gel. The gel was pre-electrophoresis run at 80 W
(1700-1800 V) in TBE 1.0x on a vertical gel electrophoresis system about
30-40 min (Sequi-Gen@ GT, sequencing cell, BIO-RAD). After loading the
denatured PCR products, electrophoresis was performed at 120 W for 2 h. Upon
electrophoresis, gels were fixed and stained with silver nitrate referenced to man-
ual of sequencing Kit Q4132 (Promega).

Results and Discussion
AFLP analysis - Primers selection with 1 sample

Extracted DNA of Mei was digested with EcoRI and Pst] restriction endonuclease
combinations. The AFLP selective amplification was performed with selective ex-
tension using 2 bases: EcoRI + NN / PstI + NN. Between 500 bp and the 67 bp
bands from the markers (pUC mix, 8) were used as reference points, and the rela-
tive size of all bands were calculated. Banding patterns of Mei were analyzed by
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Figure 1. AFLP patterns by 34 different primer combinations in Xue Mei. Lane 1, E-AA/P-AG; lane
2, E-AA/P-TC; lane 3, E-AA/P-CA; lane 4, E-AT/P-AT; lane 5, E-AT/P-TG; lane 6, E-AC/P-AA; lane
7, E-AC/P-GT; lane 8, E-AG/P-GA; lane 9, E-AG/P-GC; lane 10, E-TA/P-AT; lane 11, E-TA/P-TA;
lane 12, E-TA/P-TT; lane 13, E-TT/P-AC; lane 14, E-TT/P-CC; lane 15, E-TT/P-CG; lane 16, E-
TC/P-AA; lane 17, E-TC/P-TC; lane 18, E-TG/P-AC; lane 19, E-TG/P-AG:; lane 20, E-TG/P-TT; lane
21, E-TG/P-CG; lane 22, E-CA/P-AG; lane 23, E-CA/P-CC; lane 24, E-CT/P-AG; lane 25, E-CT/P-
TT; lane 26, E-CT/P-CG; lane 27, E-CC/P-AG:; lane 28, E-CC/P-GT; lane 29, E-CG/P-TG; lane 30,
E-CG/P-GT; lane 31, E-GA/P-CA; lane 32, E-GA/P-GT; lane 33, E-GT/P-AG; lane 34, E-GT/P-TA
and M, markers (pUC mix, 8).

scoring the relative migration of all major bands. Results of AFLP bands visual-
ized by silver-stained polyacrylamide gel are presented for samples in figures.
In preliminary analysis, all 256 primer combinations were assayed by using
Xue Mei to determine the number of AFLP bands produced by primers. The num-
ber of legible bands produced high variation and ranged from 6-74 bands. The
AFLP band profiles of 34 primer combinations are shown in Figure 1. Fewer than
30 AFLP bands were seen in lanes 14, 15, 23, 25, 27, 28, and 30. Bands were not
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well separated on 6% polyacrylamide gel for the similar size in the upper part of
lane 33. More than 30 AFLP bands were seen in the other 26 lanes.

The numbers of all 256 primer combinations that produced AFLP bands in
Xue Mei are shown in Table 1. Of 256 primer combinations, 135 produced more
than 30 AFLP bands in Xue Mei (these numbers are bolded in Table 1); 121
primer combinations detected less than 30 AFLP bands (these numbers are itali-
cized in Table 1). In these studies, we decided that AFLP bands of less than 30
produced by primers should be overlooked and that bands not well distinguished
on 6% polyacrylamide gel should be ignored. In preliminary investigation, only
135 primer combinations produced more than 30 clear bands that were suitable
for further selection of polymorphic bands in 5 Mei samples.

AFLP analysis - Primers selection with 5 samples

We selected P. mume var. cernua and 4 Mei cultivars, included Xue Mei, Duo-e
Zhusha, Fuban Xiao Gongfen, and Can Xue, which had distinctive morphological
characters described by Chen (1989, 1996). The AFLP patterns of 5 Mei samples
are shown in Figure 2 with 8 primer combinations, where E-AT/P-AT, E-AC/P-
AA, E-AG/P-GC, E-TA/P-CC, E-TT /P-GA, E-TC/P-AG, E-CA/P-GT, and E-
CC/P-GC had polymorphic bands. Polymorphic bands were seen in 68 of 135
primer combinations; other primer combinations had identical AFLP patterns in 5
Mei samples. The primers revealing polymorphic bands are shown in Table 2
(numbers of polymorphic bands were not shown). To screen the best primers
among the 68 preselected primers that could generate high polymorphic bands,
more Mei cultivars were analyzed.

AFLP analysis - Primers selection with 14 samples

The accuracy information of Mei genetic variation is very important for further
breeding and improvement programs. Selected AFLP primers should differentiate
not only the parentage but also the Mei cultivars with unknown genetic relation-
ship. P mume var. cernua, Xue Mei, Duo-e Zhusha, Fuban Xiao Gongfen, and
Can Xue were analyzed in the third step of AFLP analysis to keep the results con-
sistent. Danhong Chuizhi, Da Yu, Fenpi Gongfen, Tiaoxue Chuizhi, and Kinse-
shidare with different morphological characters were included in this analysis.
Jiangnan Taige and Jiangsha Gongfen were the hybrid progenies of Xiao Gongfen
and Jiangnan Zhusha, which were attached here to optimize AFLP primer combi-
nations for Mei.

In this research, primer combinations generating the AFLP bands and poly-
morphic bands were assessed in 3 steps with 1, 5, and 14 Mei samples, respec-
tively. The last step evaluated 68 primers that generated higher polymorphic bands
for Mei cultivars in this “narrow down” strategy. AFLP patterns of 14 Mei sam-
ples using E-TG/P-AG primer combination were shown in Figure 3, and the poly-
morphic bands differentiated these samples directly. Sixty-eight primers produced
polymorphic bands ranging from 4-37 in 14 Mei samples. However, only 10
primer pairs detected polymorphic bands ranging from 15-37, and the results
shown in Table 3 confirmed that they were the most suitable primers for the anal-
ysis of Mei cultivars. These 10 primer pairs produced up to a total of 524 AFLP
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Figure 2. AFLP patterns of 5 Mei samples by 8 primer combinations: lane 1 Prunus mume var.
cernua; lane 2, Xue Mei; lane 3, Duo-e Zhusha; lane 4, Fuban Xiao Gongfen; lane 5, Can Xue; and
M, markers (pUC mix, 8).

bands and up to 233 polymorphic bands. The ratio of polymorphic bands for 10
primers scoped from 35.71% to 59.67%, and the average ratio was 44.46%.

In previous studies, rare-cutter (6-base cutter) and frequent-cutter (4-base
cutter) restriction enzyme combinations generating high AFLP polymorphic
bands were usually applied to investigate species genetic variation, such as
EcoR1/Msel, Pstl/Msel, and so on. Moreover, isoschizomer of Hpa Il and Msp 1
replaced Mse 1 to detect cytosine methylation in plant genome (Xu et al., 2000;
Baurens et al., 2003). In the latter experiment, with the AFLP primers selected in
this study, we can acquire more genetic information if frequent-cutter enzymes
are used instead of the rare-cutter enzymes, such as EcoRI or Pstfl. The genetic
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Figure 3. AFLP patterns of 14 Mei samples using E-AT/P-AT primer combination: M, markers (pUC
mix, 8); lane 1, Danhong Chuizhi; lane 2, Prunus mume var. cernua; lane 3, Xue Mei; lane 4, Xiao
Gongfen; lane 5, Jiangnan Zhusha; lane 6, Jiangsha Gongfen; lane 7, Jiangnan Taige; lane 8, Da Yu;
lane 9, Fenpi Gongfen; lane 10, Duo-e Zhusha; lane 11, Fuban Xiao Gongfen; lane 12, Tiaoxue
Chuizhi; lane 13, Can Xue; and lane 14, Kinse-shidare.

Table 3. Selected primers and level of polymorphism among 14 Mei
samples from AFLP analysis.

No. of No. of Ratio of

Primer Amplified Polymorphic Polymorphic
Combinations Bands Bands Bands, %
E-AT/P-AT 62 37 59.67
E-AC/P-TA 62 28 45.16
E-AG/P-GC 47 18 38.29
E-TA/P-AT 42 15 35.71
E-TC/P-AA 59 27 45.76
E-TG/P-AG 67 25 37.31
E-TG/P-TT 45 18 40.00
E-GT/P-AG 44 20 45.46
E-GT/P-TA 52 27 51.92
E-GC/P-CT 44 18 4991
Total 524 233 44.46

E indicates EcoRI adapter sequences; P indicates PstI adapter sequences.
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variation of apricot (Prunus armeniaca) assessed by AFLP technique had been
conducted in 3 different laboratories (Hurtado et al., 2002; Panaud et al., 2002;
Ricciardi et al., 2002). The percentage of polymorphism generated by the primer
E-AC was 45.16% in Mei, which is higher than the Hurtado (2002) result of
30.43% but lower than the Ricciardi (2002) result of 64.70% in apricot. The per-
centage of polymorphism generated by the primer E-AG was 38.29% in Mei,
which is higher than the Hurtado (2002) result of 29.56% but lower than the
Panaud (2002) result of 47.06% in apricot. AFLP fragments generated by E-AC
and E-AG nuclear loci showed the higher numbers and percentage of polymor-
phism that indicated nucleotides variation colinearity in Prunus, which was con-
cluded from these results.
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