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Methodology
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ABSTRACT. DNA markers have useful applications in cultivar identi-
fication. A novel analysis approach called cultivar identification diagram 
(CID) was developed using DNA markers in the separation of plant indi-
viduals. This new strategy is less time- and cost-consuming, has reliable 
results, and was constructed for fingerprinting. Ten 11-mer primers were 
used to amplify the genotypes; all 95 peach genotypes (from the National 
Peach Germplasm Repository, in Nanjing, China) were distinguished by 
a combination of 54 primers. The utilization of the CID among these 95 
peach cultivars was also verified by the identification of three randomly 
chosen groups of cultivars. This identification showed some advantages 
including the use of fewer primers and easy separation of all cultivars by 
the corresponding primers marked in the right position on the CID. This 
peach CID could provide the information to separate any peach cultivars 
of these 95, which may be of help to the peach industry in China and for 
the utilization of DNA markers to identify other plant species.
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INTRODUCTION

Peach (Prunus persica (L.) Batsch) belongs to the subfamily Prunoideae in the Rosaceae 
family. Together with other species, including plums, cherries, and apricots, they are referred to 
as “stone fruits”. Peaches were probably the first fruit crop domesticated in China about 4000 
years ago (Bunyard, 1938). As the center for the origin of peaches, China has the most abundant 
resources of both wild and cultivated varieties (Yuan et al., 2002; Yang et al., 2002). Unlike 
cultivars of other tree fruits in the same family that are mostly the result of chance selection, 
many peach cultivars were bred. Peaches are a self-pollinated species with a high degree of 
self-compatibility and homozygosity (Baird et al., 1996). In addition, most of the existing peach 
varieties (cultivars) were bred from very limited parental material, which resulted in a narrow 
genetic base for peach cultivars. This extensively decreased the genetic diversity among peach 
cultivars. The low degree of heterogeneity makes it very difficult to differentiate genotypes. 
Accurate identification of varieties and genotypes is therefore essential for patent protection of 
these materials. Traditionally, identification of fruit trees including peach was based on mor-
phological or physiological aspects. Biochemical markers like isoenzymes have been used but 
they have many drawbacks like the limited number of polymorphisms detected between close 
cultivars and variations due to the physiological stage. Even though several generations of 
DNA markers have been developed and used for cultivar identification and genetic analysis 
leading to publication of thousands of papers, no efficient approach has been developed or used 
for cultivar identification apart from the phylogenetic trees and/or some fingerprints employed 
on a very small scale. Phylogenetic trees cannot tell us which primer to use or the information 
to use or refer to for specific cultivar identification, while traditional fingerprinting does not 
present all the fingerprints together and is thus not ideal for identification of many cultivars.

Various DNA-based markers have recently been developed and used for studies on 
genetic diversity, fingerprinting and cultivar origins (D’Onofrio et al., 2009; Melgarejo et al., 
2009; Cheng and Huang, 2009; Elidemir and Uzun, 2009; Papp et al., 2010). Randomly am-
plified polymorphic DNA (RAPD) markers used in peach have proven to be a reliable marker 
system for genetic fingerprinting and also in determining the genetic relationships among germ-
plasm collections. RAPD markers have the advantage of being simple, able to detect relatively 
small amounts of genetic variation and do not need prior information on the genome. However, 
RAPDs do not give information about the genome. The technique has already been success-
fully applied to estimate genetic relationships in apricot (Mariniello et al., 2002), mulberry 
(Vijayan, 2004), grape (Benjak et al., 2005), figs (Sadder and Ateyyeh, 2006), apple (Stark-
Urnau, 2002a), litchi (Ding et al., 2000), cherry (Demirsoy et al., 2008), Indian cashew (Archak 
et al., 2003), longan (Yonemoto et al., 2006), olive (Belaj et al., 2003), and pear (Stark-Urnau, 
2002b; Lee et al., 2004). The stable and reproducible marker systems can be used for proper 
identification in peach varieties (Byrne, 1990; Yamamoto et al., 2005). In China, most of the 
molecular marker analyses of peaches have been performed using RAPD (Yang et al., 2001; 
Sun et al., 2005; Zong et al., 2005). Only a few studies have attempted to analyze genetic diver-
sity, and determine genetic relationships and genetic mapping of peach germplasm resources. 
DNA fingerprinting is a powerful tool currently applied widely in forensic science that can 
also be equally useful in the genotyping of plants. Among the many markers available, RAPD 
(Williams et al., 1990) markers are useful for cultivar analysis with great advantages in simplic-
ity, efficiency, relative ease of execution and no need for any previous sequence information. 
Optimization of the RAPD technique by choosing 11 nt primers and strict screening PCR an-
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nealing temperature before it is employed in fingerprinting plants can make RAPD a prefer-
able technique for use in plant cultivar identification. In practice, the powerful DNA markers 
available for plant identification have not made fruit crop variety identification an efficient, 
recordable, and as easy as a task desired, a really awkward situation facing fruit and other crop 
scientists owing to the potential of this technique in commercial production. The main reason 
for this situation is the dearth of analysis strategies for DNA fingerprints. The currently popular 
analysis techniques for DNA banding patterns known as cluster analyses cannot be applied ef-
ficiently in cultivar or species separation. This has made the utilization of DNA markers in crop 
and seed identification unpopular in practice.

China is an important agricultural country in the world and has abundant plant re-
sources, which makes distinguishing plant cultivars or varieties an important task for plant 
scientists. One of the ultimate purposes of plant science is to serve agriculture and the practical 
application of new biological techniques for agricultural production is very important. Since 
the development of DNA markers, they have been applied in plant cultivar identification, 
which is thought to be one of the main uses of DNA markers. However, the scale of this ap-
plication of DNA markers in cultivar identification of plant and related work is limited by the 
tedious, time-consuming, and non-repeatable nature of the techniques. There was therefore a 
need to address these drawbacks and make DNA marker techniques workable and as easy as 
measuring something using a ruler. Here, we introduce a much more workable method that can 
be readily used in plant cultivar identification on a scale like the scheme shown in Figure 1. 
This method makes the identification of peach cultivars a practical, efficient, recordable, and 
easily referable task. A cultivar identification diagram (CID) was generated and can be utilized 
as source of reference information for peach cultivar identification in the future. The diagram 
shows the separation of 95 selected peach cultivars based on RAPD banding patterns and can 
definitely be of great service to the peach industry worldwide.

MATERIAL AND METHODS

Plant materials

Young leaves of 95 selected peach cultivars were collected from the Peach National 
Germplasm Nursery, Jiangsu Academy of Agricultural Science, Nanjing, China. The names 
and origins of these cultivars are shown in Table 1.

Genomic DNA extraction

Total genomic DNA of each genotype was extracted from young leaves using the 
modified cetyltrimethylammonium bromide (CTAB) method (Murray and Thompson, 1980; 
Bousquet et al., 1990). The extracted DNA was diluted to a final concentration of 30 ng/μL 
with 1X TE buffer and stored at -20°C pending use.

RAPD analysis

In case of RAPD reactions, 54 primers were tested with a few genotypes initially and 
only those primers resulting in clear unambiguous banding patterns with all genotypes tested 
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were selected for use with the full set of genotypes.
Fifty-four 11-mer RAPD primers were used for screening in this study. In order to in-

crease credibility of the fragments, we used only those primers resulting in clear unambiguous 
banding patterns. Subsequently, 10 primers (Table 2) that showed well-resolved and reproduc-
ible bands were selected to assay all genotypes, while the others were discarded. Reaction 
solutions consisted of 2.0 μL 10X buffer, 1.2 μL 25 mM MgCl2, 1.6 μL 2.5 mM dNTP, 1.6 μL 
1.0 μM primer, 0.1 μL 5 U/μL rTaq Polymerase Dynazyme and 1 μL genomic DNA, making a 
total volume of 20 μL. Amplification reactions were performed based on the standard protocol 
of Williams et al. (1990), with minor modifications. PCR was carried out in an Autorisierter 
Thermocycler (Eppendorf, Hamburg, Germany), programmed as follows: an initial pre-dena-
turation step for 5 min at 94°C; then, 42 cycles each consisting of a denaturation step for 30 s, 
an annealing step for 1 min at annealing temperature and an extension step for 2 min at 72°C 
(Table 2). Amplification was terminated by a final extension at 72°C for 10 min. After ampli-
fication, the amplified DNA fragments were separated by gel electrophoresis on 1.3% agarose 
(w/v) (Figure 1) in 1X TAE buffer (0.04 M Tris-acetate, 0.001 M EDTA, pH 8.0) at 100 V. 
The gels were stained with 0.5 μg/mL ethidium bromide and visualized under ultraviolet light 
for polymorphic bands among the cultivars. In order to have reproducible, accurate and clear 
banding patterns, all amplifications were repeated separately at least thrice.

Data analysis

Only clear unambiguous bands in the photographic prints of gels were chosen and scored 
for cultivar identification. Where some cultivars had a specific band in the fingerprint generated 
from one primer, they could be separated singly, and those cultivars sharing the same banding 
pattern were separated into the same sub-group. Based on this strategy, all the peach cultivars 
were gradually and completely separated from one another as more primers were employed.

Test of utilization and workability of the CID

Three groups of peach cultivars, randomly chosen from the inter- and intra-groups, 
were used to verify the utilization and workability of the diagram showing the separation of 
the 95 cultivars. The three groups of cultivars were marked “A”, “B” and “C” and the cor-
responding primers to be used for separation of each group were easily picked out from the 
diagram. If the randomly chosen cultivars could be distinguished accurately and quickly as 
anticipated on the whole cultivar identification diagram, it would definitely provide assurance 
that the strategy developed and employed in this study is scientific, workable and efficient, 
consequently making this method an ideal way to use molecular markers for identification of 
fruit crop cultivars and seed samples of field crops. The data from the cultivar separation in 
the cultivar identification diagram can also be generated into a database for ease of reference.

RESULTS

Cultivar identification

To establish a stable and optimistic RAPD system with high reproducibility, longer 
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primers (11 nt) were employed and the annealing temperatures for each primer were screened 
based on the quality and reproducibility of banding patterns. The primers were randomly 
screened from a stock of 54 11-mer primers, and once an optimistic primer that could produce 
reproducible polymorphic bands was screened, it was further utilized in the identification of 
the peach cultivars. By the time the 11th primer was screened and utilized, all the 95 peach cul-
tivars had been successfully identified. An example of the RAPD patterns in the study includes 
that obtained using primer Y41 (Figure 1), which was also the first primer used to amplify the 
95 peach cultivars. The electrophoresis results show that primer Y41 generated uniform, clear, 
and reproducible band patterns in 33 peach cultivars assigned with lane number codes 2, 3, 9, 
11, 18, 19, 28, 31, 32, 36, 38, 40, 41, 42, 44, 45, 47, 49, 50, 51, 53, 59, 63, 68, 70, 75, 77, 81, 
82, 83, 91, 93, and 95 (the lane numbers correspond to the cultivar names as shown in Table 
1). This group of 33 peach cultivars was easily differentiated from the other 62 cultivars by the 
presence or absence of a distinct 2000-bp band, causing all the 95 cultivars to be separated into 
two groups. The other 9 primers (Table 2) were, step by step, screened and chosen to differen-
tiate the peach cultivars until full separation was achieved. The second primer (Y23) used, for 
example, could further separate the two groups of cultivars earlier identified by primer Y41 
into smaller groups. Other primers were chosen to differentiate the various subgroups of peach 
cultivars. The group of three cultivars (‘Mei guo hong pan tao’, ‘Bai tao’ and ‘Da hong hua’), 
could be separated with a band size of about 850 and 950 bp (Figure 2A) by primer Y42 while 
the other group of ‘Shu guang’ and ‘Jin tong 6 hao’ could be separated with a band of about 
1500 bp (Figure 2B) by primer Y29. After these, the peach cultivars could still be separated 
into many more groups and following this method systematically and utilizing 10 primers, all 
the 95 peach cultivars could eventually be differentiated from each other (Figure 3).

Figure 1. DNA banding patterns of 95 fruiting peach cultivars amplified by primer Y41. Lane M = DL2000 plus 
DNA ladders; lanes 1-95 = accession numbers of fruiting peach cultivars listed in Table 1, same as those in the 
following figures.
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No.	 Cultivar	 No.	 Cultivar

  1	 “Mei guo hong pan tao”	 49	 “Jin tong 5 hao”
  2	 “Xia guang”	 50	 “Jin tong 6 hao”
  3	 “Jing chun”	 51	 “Zao yi nv”
  4	 “Feng hua pan tao”	 52	 “Da hong hua”
  5	 “Rui guang mei yu”	 53	 “Liang ji”
  6	 “Bei nong 1 hao”	 54	 “Feng huang shui mi”
  7	 “Zhao hui”	 55	 “Bai hua”
  8	 “Mei gui hong”	 56	 “Fei cheng bai li”
  9	 “Xia hui 6 hao”	 57	 “Feng hua yu lu (early)”
10	 “Xia hui 1 hao”	 58	 “Zao hua lu”
11	 “Jin luo man”	 59	 “Chun hua”
12	 “Zao xia lu”	 60	 “Zao mei”
13	 “Mei xiang”	 61	 “Feng hua yu lu (late)”
14	 “Chun lei”	 62	 “Shen zhou bai mi”
15	 “Wan bai hua”	 63	 “Rui guang 19 hao”
16	 “Yuan dong bai tao”	 64	 “Xia hui 5 hao”
17	 “Hua yu lu”	 65	 “Chun xue”
18	 “Fei cheng 39 hao”	 66	 “Bu mu zao sheng”
19	 “Chun xia mi”	 67	 “Xiang jiao tao”
20	 “Xia hui 2 hao”	 68	 “Xin da jiu bao”
21	 “Jing yu”	 69	 “Zhao xia”
22	 “Lai shan mi”	 70	 “Jin shan zao hong”
23	 “Zao hong lu”	 71	 “You ming bai tao”
24	 “Feng bai”	 72	 “Sha zi zao sheng”
25	 “Jing mi”	 73	 “Bai mang pan tao”
26	 “Hu you 003”	 74	 “Tang xing bai hua”
27	 “Yin hua lu”	 75	 “Yu hua 2 hao”
28	 “Yu hua lu”	 76	 “Ying qing”
29	 “Shen zhou hong mi”	 77	 “Zao hong 2 hao”
30	 “Da jiu bao”	 78	 “Nong shen”
31	 “Da zhen ban chi yue”	 79	 “Bai feng 2 hao”
32	 “Xiao”	 80	 “Xia hui 7 hao”
33	 “Qian dai ji”	 81	 “Xiao hong hua”
34	 “Cang fang zao sheng”	 82	 “Fu lei de li ke”
35	 “Ri chuan bai feng”	 83	 “Run zhou shui mi”
36	 “A bu bai tao”	 84	 “Hong gan lu”
37	 “Bai tao”	 85	 “Xin bai hua”
38	 “Jing yan”	 86	 “Jing hong”
39	 “Zi jin hong 2 hao”	 87	 “Yu hua 3 hao”
40	 “Rui guang 12 hao”	 88	 “Bei nong 2 hao”
41	 “Ri ben bai feng”	 89	 “Fei cheng 47 hao”
42	 “Hu jing mi lu”	 90	 “Jin hua lu”
43	 “Yang shan 2 hao”	 91	 “Du bai feng”
44	 “Da tuan mi lu”	 92	 “Chun yan”
45	 “Gang shan zao sheng”	 93	 “Zao feng wang”
46	 “Gang shan bai”	 94	 “An nong shui mi”
47	 “Shu guang”	 95	 “Shuang xi hong”
48	 “Zi jin hong 1 hao”

Table 1. Name of the materials used in this experiment.

Primer	 Nucleotide sequence (5'-3')	 Annealing temperature (°C)

Y-3	 GTTTCGCTCCA	 44.7
Y-5	 GTTTCGCTCCG	 43.7
Y-17	 AGGGGTCTTGG	 41.7
Y-18	 AGGGGTCTTGC	 41.7
Y-22	 GGACCCAACCT	 42.8
Y-23	 GGACCCAACCG	 43.7
Y-29	 GTGTGCCCCAG	 42.8
Y-34	 AAGCCTCGTCT	 44.4
Y-41	 AGCGTCCTCCG	 43.7
Y-42	 AGCGTCCTCCC	 44.8

Table 2. Ten primers were chosen for further fingerprinting of the 95 peach genotypes.
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Figure 2. DNA banding patterns of 3 fruiting peach cultivars in group A from the separation of primer Y42 and 2 
fruiting peach cultivars in group B separated by Y29. Lane M = DL2000 plus DNA ladders. The bands pointed to 
with larger arrows were those employed to separate the cultivars. For lanes identification, see Table 1.

Figure 3. Cultivar identification diagram of the fruiting peach cultivars by 10 primers. The numbers above each 
horizontal line in the diagram were the size of the polymorphic bands used to separate the cultivars following the 
line, and the unit of them was in bp. (+) means presence of the polymorphic band; (-) means absence of it. The 
cultivar numbers in bold are those that were separated.
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Test of the utilization and workability of the CID

The important aim of this study was not just how to use RAPD markers to distinguish 
the 95 peach cultivars as done by most earlier reports focusing on the utilization of DNA markers 
in identifying plant cultivars, but to also generate a referable peach CID test that could be used 
in the practical identification of some of these cultivars in the future for the nursery industry as 
well as in cultivar-right-protection. With these two aims in mind, it was critical to verify the uti-
lization, workability and efficiency of the CID test. To undertake this, three groups of cultivars 
comprised of ‘Mei guo hong pan tao’, ‘Xia guang’, ‘Feng hua pan tao’, and ‘Jing chun’; ‘Mei 
gui hong’ and ‘Sha zi zao sheng’; ‘Xiao’ and ‘Xiao hong hua’, which came from the inter- and 
intra-groups in the CID, were randomly chosen and used for the verification exercise. From 
the location of these cultivars in CID, it was easy to find the primer to use in separating them. 
Primers Y41, Y34, Y17, Y5, and Y18 were used, as projected, to separate the three groups of 
cultivars. Clearly, the verified PCR results agree with those anticipated in the CID in that all 
cultivars in these three groups were separated accordingly. The first group according to Figure 
4A, B and C can be validated with three primers including Y41, Y34 and Y17. The PCR re-
sults showed that four peach cultivars could first be separated into two groups by primer Y41 
with a band of about 2000 bp. One group made of ‘Xia guang’ and ‘Feng hua pan tao’ can be 
further disjoined with primer Y34 with a 1100-bp band. The other group of ‘Mei guo hong pan 
tao’ and ‘Jing chun’ could then be divided by use of primer Y17 with a band of 1500 bp. ‘Mei 
gui hong’ and ‘Sha zi zao sheng’ could be separated with a specific band of about 620 bp of 
primer Y5 as in the CID. Another group of ‘Xiao’ and ‘Xiao hong hua’ was divided by primer 
Y18 with the band of about 2000 bp. By this procedure, all three groups were successfully 
identified with the suitable combination of primers. This test therefore proves the availability, 
workability and efficiency of this method in peach cultivar identification.

Figure 4. Verification result of two cultivars selected randomly by the corresponding primers. Lane M = DL2000 
plus marker. A. Fingerprint obtained with the three primers used to separate the first group of cultivars selected. 
“a”, “b”, and “c” were obtained with primers Y41, Y34, and Y17, respectively. B. Fingerprint obtained with the 
primer (Y5) used to separate the group “Mei gui hong” and “Sha zi zao sheng”. C. DNA fingerprint obtained with 
the primer (Y18) used to separate the group “Xiao” and “Xiao hong hua”. For lanes identification, see Table 1.
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DISCUSSION

Peach is one of the oldest fruit trees with a 4000-year cultivation history where it has 
been subjected to long-term natural selection and production practices that evolved around 
the characteristics of different groups and species. A frequent exchange of resources between 
regions coupled with a lack of management of varietal resources make background knowl-
edge unclear. The name confusion, especially in nursery stock markets is a real problem as a 
myriad false claims of inferiority or superiority of a cultivar are not backed by any evidence. 
This can adversely affect future production of desired cultivars. The need to demystify science 
by developing strategies for applying new knowledge and technology to practical activities to 
solve the above problem is therefore both necessary and significant. DNA markers are a pow-
erful technique that can be used to accurately identify plant cultivars and species, with several 
generations of DNA markers having been developed and used for cultivar identification (Saker 
et al., 2006; Chiu et al., 2010) and genetic analysis (Boronnikova et al., 2007; Silvestrini et 
al., 2008; Bhau et al., 2009; Baysal et al., 2010). Thousands of papers on this subject have 
also been published. Nonetheless, DNA markers have not been readily used for genotyping of 
plants. In fact, the situation is much more dire than anticipated, with the question of whether 
DNA markers can be adequately and easily used in the identification of plant varieties yield-
ing a negative response. No efficient approach has been developed to employ DNA markers 
easily and efficiently in plant cultivar identification except where phylogenetic tree clusters or 
some fingerprints were utilized. Apparently, clusters formed in phylogenetic trees cannot tell 
us which information can be used for identification of the desired plant samples while finger-
printing cannot present all the fingerprints from many cultivars together for identification. The 
main reasons for these weaknesses can be attributed to the fact that no analysis could connect 
the information of DNA fingerprints with cultivars in an easy, clear and readable way. The new 
approach we have developed to utilize DNA marker in distinguishing cultivars is both efficient 
and practical, as well as less expensive, faster and clearer, among other benefits. This strategy 
can realize the power of DNA markers on plant cultivar identification, and can use the poly-
morphic nature of each primer, gradually distinguishing and charting every species. Although 
the method does not accurately reflect the genetic relationship of the cultivars/species, theoret-
ically, the first cultivars/species to be separated will have the widest genetic distance between 
them. The reverse of this holds true. This method is definitely a great help in plant cultivar 
identification for purposes of cultivar-right-protection, and early identification of seedlings in 
the nursery industry. To improve the efficiency and utilization of this strategy in the fruit crop 
industry, more commercially important cultivars in production were chosen for identification. 
If there are one or more new cultivars that need to be separated and the identification result put 
in the diagram, the whole set of the primers used to run the additional DNA samples can be 
used and a larger diagram with the identification information of the new cultivars formed. If 
the set of primers used originally, such as the 10 in this study, do not work well in the separa-
tion of new cultivars, new primers need to be screened and used. This research is not difficult 
or time-consuming and deserves a place in agriculture.

This is the first report on using RAPD primers in sequence to identify peach cultivars. 
In order to verify the reliability of this theory, experimental verification is very necessary. In 
this study, the experimental verification returned satisfactory results. Therefore, this experi-
ment confirms the possibility of utilizing DNA markers even in plant species, which have a 
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highly heterozygous genome, without requiring a genetic linkage map and/or any DNA se-
quence information to distinguish the cultivars. It appears to be an effective technique for 
convenient development of selection markers in fruit trees. This approach has been tested and 
proven to be a more efficient way of distinguishing plant cultivars with referable information. 
It is not just a simple theoretical model but a truly handy one as it makes DNA markers more 
applicable for plant variety identification in practice. At present, we have initiated similar 
research to present all the identification information of most fruit crop cultivars cultivated in 
China for cultivar-right-protection and better service for the nursery and general fruit indus-
try. Furthermore, the polymorphic bands generated may be developed into special molecular 
markers for identification of the cultivars in the future. We believe that as research progresses, 
we can use this method to draw a table for each species, whether plant, animal or any other 
creature, which can work just like a periodic table in providing the information needed to 
separate the species/cultivars as desired.

In conclusion, this method is rapid, simple and produces reliable results, since it was 
possible to demonstrate that a standard set of primers can be used to distinguish many Prunus 
persica L. species.
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