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ABSTRACT. We developed a new approach using RAPD fingerprints to
distinguish 37 currant cultivars from northeastern China based on opti-
mization of RAPD by choosing 11 nucleotide primers and strict screen-
ing PCR annealing temperature. We found that the manual cultivar iden-
tification diagram (MCID) approach clearly developed fingerprints from
8 different primers that were useful for cultivar identification; a cultivar
identification diagram (CID) was readily constructed. This CID allows
efficient currant cultivar identification, providing information to separate
all the currant cultivars from each other, based on the detail polymorphic
bands from the corresponding primers, which were marked in the correct
positions on the currant CID. According to the CID, 10 currant cultivars
in 5 groups were randomly selected for the referable and workable identi-
fication of this strategy. The results proved the workability and efficiency
of the MCID method, facilitating the identification of fruit cultivars with
DNA markers. This MCID approach will be useful for early identification
of seedlings in the nursery industry and protection of cultivar rights.
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INTRODUCTION

Currant belongs to the subgenus Ribes of the Ribes L. genus within the Grossulariaceae
family. Blackcurrant (Ribes nigrum L.) is grown widely throughout temperate areas of Europe
and New Zealand, with an annual production of 160,000 tons in Europe and 185,000 tons glob-
ally (Jensen, 2009). The centers of genetic diversity for blackcurrant are situated in northern
Scandinavia and Russia, although species are also found in North and South America, Asia,
and northwest Africa (Brennan, 1996). The fruit has nutritional value with a very high content
of ascorbic acid and other antioxidants (Brennan and Graham, 2009), and its primary commer-
cial use is processing for juice. Blackcurrants are related to European (R. nigrum) and Asian
(R. ussuriense) species. The fruits are small, purplish black berries, with a distinctive aroma,
and with 35.16% sugar, 13.5% acid, 1.75% protein, and 166.6 mg/kg vitamins. The vitamin C
content of currants is 20 to 30 times that of apple and 3 to 4 times that of strawberry, and the
content of anthocyanin is even higher than that in blueberries, which are now widely popular
around the world. Accordingly, currant has a high economic value. The fruit can be eaten fresh
or processed into fruit juice, jam, or wine, and it can also be used as a high-end food additive.
The berries and their products are popular in the European and American markets, where they
are considered highly palatable and believed to benefit human metabolism, appetite, and nutri-
tion, along with enhancing detoxification and functions of resistance.

Commercially grown cultivars are vegetatively propagated and therefore clonal, and
thus high levels of heterozygosity are likely to exist in newly released currant cultivars. Ow-
ing to this, the genetic backgrounds of existing resources and cultivated varieties are quite
complex. With the development of modern scientific breeding, the parent materials for currant
breeding have been progressively more concentrated on fewer superior varieties or strains,
which can produce more varieties selected by humans that have similar agronomic traits and
subsequently making them difficult to distinguish. In addition, homonymity and heteronymity
are very common problems in the collection and preservation of currant germplasm, as they
are bothersome in the collection of germplasm resources and in their utilization in the breed-
ing of new varieties and in the study of genetic background. This has become a very important
issue that is frequently encountered and shows the need for a way to ensure the accuracy and
purity of currant varieties in scientific research and production. Accurate and rapid identifica-
tion of currant varieties has become an essential and desirable task for breeders, commercial
companies, and researchers. Traditional approaches to currant cultivar identification, such as
morphological, palynological, cytological, isozyme, etc., have proven to be limited by limited
information, difficult operability, low stability and reproducibility, susceptibility to environ-
mental influences, and the need for extensive observation in mature plants.

DNA-based fingerprinting markers overcome these limitations and can provide a
powerful tool for proper characterization of cultivars. In recent years, various DNA molecu-
lar markers have been developed and used for the studies on genetic diversity, fingerprinting
patterns, and origins of cultivars (Lanham et al., 1995; Lanham and Brennan, 1997; Russell
et al., 2011). High levels of genetic diversity occur in woody perennial species as determined
from allozyme data (Hamrick and Godt, 1990), and DNA-based molecular markers provide
an opportunity for a broader, random sampling of the genome and should prove suitable for
investigating heterozygosity.

Among the available markers, random amplified polymorphic DNA (RAPD) markers
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seemed to be very useful in plant cultivar identification analysis with advantages of simplicity,
efficiency, relative ease of use, and lack of requirement of any previous sequence information,
by using the MCID strategy (manual cultivar identification diagram) (Korir et al., 2012) . To
date, RAPD markers have been used in cultivar identification of many fruit species, includ-
ing fruiting mei (Li et al., 2011), flowering mei (Wang et al., 2011), grape (Lin et al., 2011),
lemon (Mu et al., 2012), loose-skin mandarin (Leng et al., 2012), loquat (Zhang et al., 2011),
pomegranate (Hasnaoui et al., 2010; Zhang et al., 2012), apricot (Ercisli et al., 2009), banana
(Gubbuk et al., 2004), pistachio (Javanshah et al., 2007), and strawberry (Wang et al., 2007),
and in genetic variation studies.

Even though DNA markers are advantageous, in practice there is no tight link between
the marker information and concrete plant varieties, and the markers have not yet made iden-
tification of fruit crop varieties an efficient, recordable, or easy task. The main challenge in
this situation are the strategies for analysis of DNA fingerprints, which in turn has made the
utilization of DNA markers in crop and seed identification an unpopular practice. The need to
develop new strategies for application of new information and technology to practical agricul-
tural activities is therefore both significant and pressing.

Compared to other main fruit crops, currant has not been accorded much attention
from geneticists or molecular biologists. The available reports about currant cultivar identi-
fication using molecular markers are limited and employed cluster analysis statistical tech-
niques to analyze banding patterns. However, their results were not sufficiently adequate to
make cultivar identification easier or more referable, even though they could quantify genetic
diversity levels and separate individual plants in the analysis. Developing a strategy that will
make optimal use of the advantages of DNA markers for easy identification of currant culti-
vars is necessary for the currant nursery and production industry. In this study, we employed
MCID strategy and successfully identified 37 cultivars of currant using RAPD markers. This
process can generate a cultivar identification diagram (CID) presenting the information to be
used for the identification of some groups of cultivars. This CID can work like the periodic
table of elements and has advantages of relevance, workability, ease of use, and flexibility
because additional new cultivars can be added. It is the first strategy that makes currant cul-
tivar identification much more applicable, and efficient, as well as easier and more direct in
practice, even though one or more PCRs are required. It will provide valuable information and
a reasonable scientific basis for identification of cultivars, genetic diversity, cultivar introduc-
tion, and genetic improvement on the molecular level, and it may be essential in securing
protection for new varieties through distinctness, uniformity and stability testing (Lu et al.,
2009). This new strategy for identification of varieties, parents of hybrids, and specific biodi-
versity units can be a fundamental tool in preserving intellectual property protection for plant
breeders and farmers.

MATERIAL AND METHODS

Plant materials

Leaf samples of 37 important currant cultivars (Table 1) were collected from the
currant germplasm collection at Northeast Agricultural University, Harbin, P.R. China. The
RAPD primers were synthesized by Shanghai Invitrogen Biotechnology Company.
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Table 1. Cultivar name and origin of currant used in this study.

No. Cultivar name No. Cultivar name
1 USSURIE 20 NAEUCZA
2 OIEBYN 21 NEAUYADE
3 NEAUHZJ 14 22 KRASNIY KREST
4 BELYANA 23 NEAUAZA
5 RESAGER 24 BAIJILA
6 MENDIP CROSS 25 BLACKSMITH
7 BEN NEVIS 26 NEAUWILDHH
8 NEAUJDL 27 FERTODI
9 LIANGYE 28 NEAUHZJ 19
10 NEAUHZJ 17B 29 BEN LOMOND
11 GREAT 30 NESTOR KOZIN
12 LAMA 31 NEAUHZJ 16
13 BALDWIN 32 WANGFENG
14 NEAUBZA 33 YADRENAYA
15 PRIMORSKIJ CEMPION 34 HANFENG
16 BRODTORP 35 HEIFENG
17 NEAUHZJ 17 36 DAISHA
18 ROODKNOP 37 NEAUHZJ
19 NEAUBLWZ
DNA isolation

Young fresh leaves of 37 cultivars (Table 1) were collected for DNA extraction
and flash frozen in liquid nitrogen. Each leaf sample was then ground in liquid nitrogen
and the powder was stored at -40°C until use. Genomic DNA was isolated from leaves
according to the modified SDS method (Lin et al., 2001) and then purified and checked
for quality by electrophoresis on a 0.8% agarose gel. The concentrations and purity were
quantified using a Bio-Photometer (Eppendorf). DNA was diluted to 40-70 ng/puL and
stored at -40°C until used.

Gradient screening and primer selection

Annealing temperature is a key element of conventional PCR techniques, and to en-
sure high repeatability and stability of RAPD technology, it is essential to perform gradient
filtering of annealing temperatures for different primers. PCR was performed according to the
method of Yu et al. (2009), and the specific reactions were as follows: 1.5 pL 10X buffer; 1.2
puL 2.5 mM dNTPs (Takara Biotechnology, Dalian, Co., Ltd., China), 0.8 uL 25 mM Mg*;
0.6 puL 10 pmol/pL primer; 1 pL 50 ng/uL template DNA; 0.08 pL 5 U/uL DNA polymerase
(Takara Biotechnology); and ddH,O to a total volume of 15 pL. Amplification reactions were
performed in an Eppendorf Thermal cycler under the following program: initial denaturation
at 94°C for 5 min; 40 cycles with 94°C for 30 s; 35°~45°C for 1 min; 72°C for 2 min, and a
final temperature of 72°C under extension of 10 min. In order to ensure the quality of PCR
products, the primers with clear, highly repeated bands were selected according to 3 consecu-
tive gradients, and we chose the higher temperature for the appropriate choice.

RAPD amplification

The PCR was composed of 2.5 pL 10X PCR buffer, 2.5 mM Mg*, 2.5 mM dNTPs,
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2.0 U Taq polymerase, 50-80 ng DNA template, 10 pmol random primers, and ddH,O to a
final volume of 25 pL. The amplification reactions were performed following the same steps
as mentioned above. Each reaction was repeated 3 times. The amplification products were
separated on a 1.3% agarose gel with 100 mg/mL ethidium bromide, in 1X TAE buffer during
1 h at 100 V and photographed under UV light.

Statistical analysis

Clear and unambiguous bands were manually scored from photographic prints of
gels for each cultivar. We classified the cultivars into different groups according to the fin-
gerprint amplified by each primer. When cultivars share the same band patterns, they were
placed into the same group. More primers were then employed to distinguish the cultivars
in each group. The more primers we used, the more specific the amplified bands that were
generated, allowing us to differentiate all the cultivars separately. Thereafter, our cultivar
identification diagram, comprising bands with specific sizes used to separate the cultivars
and all the related primers that generated the specific bands, was constructed for the full
division of all the cultivars.

Test of the utilization and workability of the diagram in cultivar identification

Two groups of cultivars were randomly selected to verify the accuracy of this method.
The specific primers that amplified the polymorphic fragments to be used in separating the
cultivars were easily found on the diagram. If the cultivars can be distinguished well as an-
ticipated, it would help to assure the workability and efficiency of the approach, not only for
the present study, but also for similar study in the future. The PCR was set as described above.

RESULTS

Optimization of a RAPD technology system of currants

To establish a stable and reliable RAPD system with high reproducibility, longer
primers (11 nucleotides) were employed and the annealing temperatures for each primer were
screened based on the quality and reproducibility of banding patterns. These 2 aspects were
the key factors influencing the stability of PCR. The primers were randomly screened from a
stock of eighty 11-mer primers, and once an optimum primer that could produce clear, repro-
ducible polymorphic bands was screened, it was utilized further in the identification of currant
cultivars. The fingerprints from the primers screened were polymorphic and stable, with PCR
product size in a range of 200 to 3000 bp (Figure 1), indicating reliability of the optimized
RAPD PCR systems and the fingerprints generated.

Cultivar identification
In cultivar identification description, cultivars with a specific band in the fingerprint

generated from 1 primer could be separated singly, and those cultivars sharing the same band-
ing pattern were separated into the same sub-group. In this way, all the currant cultivars were
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Figure 1. DNA banding patterns of 37 currant cultivars amplified by primer Y34. Lane M =DL2000 plus DNA ladders;
lanes 1 to 37 = accession numbers of currant cultivars listed in Table 1 and the same as those in the following Figures.

gradually and completely separated from each other as more primers were employed. After the
8 primers (Table 2) were screened and utilized, all the cultivars were successfully identified.
Of the 8 primers used, primer Y34, whose PCR patterns are shown in Figure 1, was the first to
be screened and used in the identification of all the 37 cultivars. Polymorphic bands with sizes
of 1200 bp were chosen to separate the 37 cultivars, and the presence and/or absence of this
band classified the cultivars into 2 groups as shown in the diagram (Figure 1). The first group,
including 15 currant cultivars, was separated by the presence of 1200 bp, and the other groups
contained 22 cultivars missing 1200 bp.

Table 2. Summary of primers used in the study.

Primer No. Primer (5'—3') Annealing temperature (°C)
Y1l CTGCTGGGACG 40.4
Y22 GGACCCAACCT 40.4
Y30 GTGTGCCCCAC 40.4
Y34 AAGCCTCGTCT 44.4
Y41 AGCGTCCTCCG 43.7
Y45 ACGACCGACAA 44.4
Y48 ACGACCGACAC 44.4
Y59 ACCCCCGACTG 43.7
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The first group was further separated into 2 subgroups with information of the pres-
ence and/or absence of 650 bp amplified by primer Y45 (Figure 2). The 2 subgroups were sep-
arated into 4 teams by the presence of an 850-bp PCR product amplified via Y48. The 2 cul-
tivars (‘BELYANA’ and ‘GREAT’) in the first team were distinguished by the absence of the
300-bp bands amplified by the primer Y41; the 4 cultivars (‘BEN NEVIS’, ‘NEAUBLWZ’,
‘HEIFENG’, ‘DAISHA’) in the second team were also distinguished by the absence of the
300-bp bands from Y41, and the cultivar named ‘DAISHA’ was separately identified, while
the other 3 cultivars were then further identified by polymorphic bands of 750 and 1200 bp
from primers Y59 and Y22, shown as in the diagram (Figure 2). The third team containing
‘LAMA’, ‘BALDWIN’, and ‘YADRENAYA'’ was differentiated well by polymorphic bands of
300 and 1000 bp amplified by Y41 and Y11. The cultivar ‘LIANGYE’ in the fourth team was
differentiated well by the polymorphic bands of 300 and 200 bp from Y41; ‘PRIMORSKIJ
CEMPION’ and ‘NEAUHZJ’ were identified by the presence and/or absence of 300 bp ampli-
fied from primer Y11.

s : S

19 -BENLOMOND!

130> 3WANGEENG
30D o 4manrENe

Figure 2. Identification results of currant cultivars used by 8 primers and detail fingerprints. All numbers marked
in this chart indicated different size fingerprints, and the unit is “bp”; (+) = presence of bands in different sizes; (-)
= absence of bands in different sizes.

The sub-team containing ‘NEAUHZJ 14°, ‘NEAUHZJ 17B’, and ‘NEAUBZA’ were
separated by the absence of 300 bp amplified by Y41, then further identified by 2 polymorphic
bands of 350 and 750 bp from Y59. Thus, the 15 currant cultivars in the first group were suc-
cessfully identified. There was a direct connection between the specific bands, primers used,
and cultivars identified, which is an important information that can be utilized in identification
of these cultivars even in the future. Similarly, the other groups of cultivars from the separa-
tion by primer Y34 were fully separated by several other primers, and the related information
is included in Figure 2.

Finally, all 37 of the currant cultivars were successfully identified by the joint use of 8
different primers, and the flow diagram of the amplification patterns would make the identifi-
cation of each of these 37 cultivars an efficient, relevant, and easy task in the currant industry,
as there was a close connection between the specific bands, primers used, and the cultivars
identified. Our new technique is another example of the usefulness of DNA markers in plant
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identification. Assay results are more easily readable and recordable than previously reported
plant identification methods.

Result verification

This study aimed to generate a diagram similar to those in cluster analyses of some
cultivars, and we sought to ensure that the diagram would be referable and workable in
practice for the identification of currant cultivars, which was the original focus of developing
the new strategy. According to the results outlined herein, this strategy also has potential to
make DNA markers more applicable for fruit plant variety identification. To confirm this, a
trial of the diagram in cultivar identification is necessary. A notable example of the technique
is where primer Y34 was used to amplify the genomic sequence of the 2 groups of currant
varieties of ‘NEAUJDL’ and ‘HEIFENG’; ‘NEAUBLWZ’ and ‘NEAUHZJ 19’ (Figure 3A),
with the size of the specific band used for cultivar identification being approximately 1200
bp. Because ‘NEAUBLWZ’ and ‘HEIFENG’ amplified the specific band that was absent in
the other 2 cultivars, these 4 cultivars could be separated. Figure 3B shows that ‘MENDIP
CROSS’ and ‘HANFENG’ could be separated by Y45 with the specific bands of 650 bp while
‘ROODKNOP’ and ‘BEN LOMOND?’ could be separated by Y48 with 850 bp (Figure 3C);
‘USSURIE’ and ‘OIEBYN’ were distinguished by Y11 with the specific band of 470 bp,
shown in Figure 3D. The verification test confirmed that this method was accurate and reliable
and that it can be applied as a scale-like scheme for provision of the information needed for
separating cultivars as desired.

I 35 35

«— 1200 bp 4— 1200bp

A— 350 bp
650 bp

«— 470 bp
B c D

Figure 3. Verification result of two cultivars selected randomly by the corresponding primers. Lane M = DL2000
plus marker; other lanes = accession number of the cultivars used as listed in Table 1.
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DISCUSSION

The need to develop strategies for applying new information and technology to
practical activities is both necessary and pressing. DNA markers are powerful tools that can be
used to 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., 2011) and
genetic analysis (Boronnikova et al., 2007; Silvestrini et al., 2008; Bhau et al., 2009; Baysal et
al., 2010) so far, and numerous papers published. However, DNA markers have not been easily
adapted for genotyping plants. Indeed, the question of whether DNA markers can be readily
used in the identification of plant varieties has yielded a negative initial response (Lin et al.,
2011). No efficient approach since phylogenetic tree clusters or some fingerprinting has been
developed to use DNA markers easily and efficiently for plant cultivar identification, and the
clusters formed in the phylogenetic trees cannot tell us which information can be used for the
identification of the plant samples desired, while the latter cannot present all the fingerprints
of the many cultivars together for the identification. The main reasons for these weakness
are that no analysis could connect the information of DNA fingerprints with the cultivars in
clear and readable way (Li et al., 2011; Leng et al., 2012). The approach developed in this
study uses DNA markers efficiently to distinguish the cultivars as desired. It is a less costly
and more timely and objective method, and it harnesses the power of DNA markers for plant
cultivar identification using the polymorphic bands of each primer to gradually distinguish
every species and individual plant, from which a cultivar identification diagram for further
identification of these cultivars can finally be constructed for practical application. This method
does not purport to accurately reflect genetic relationships, but theoretically, the first plant to
be separated, the farther the genetic distance between it and the others. This strategy offers an
efficient, reproducible method for plant cultivar identification by RAPD DNA fingerprinting
for protection of cultivar-rights and early identification of seedlings in the nursery industry. To
improve the efficiency and application of this strategy in the fruit crop industry, the identification
of commercially important cultivars was carried out. When there are one or a few new cultivars
that need to be distinguished, with the identification results added to the dynamic diagram, the
whole set of primers used to run the additional DNA samples can be used and a larger diagram
with the identification information of the new cultivars created (Zhang et al., 2012; Mu et al.,
2012). If the set of primers used originally, such as the 8 used in this study, will not work well
in the separation of new cultivars, new primers can be used. This study is not time consuming
or difficult, and it deserves to be considered for utilization in agriculture.

Currants have been cultivated in China for centuries according to the historical re-
cords, and they are widely cultivated in the northeast of China. In terms of economic impor-
tance, the crop is mainly used for processing, especially juice production, where the high levels
of ascorbic acid and anthocyanins are valued (Brennan et al., 2008). For better development of
currant research and industry, identification of currant cultivars and germplasm resources is in-
dispensable. Therefore, this study could be of considerable help in promoting genetic resource
conservation and utilization as well as plant variety protection. The development and potential
use of molecular markers in currant and related Ribes species has been previously reported, us-
ing inter-simple sequence repeats (Lanham et al., 2000), AFLPs (Lanham and Brennan, 1999)
and microsatellites (SSRs) (Brennan et al., 2002), and SNP (Russell et al., 2011). However,
no efficient strategy to apply DNA markers easily for currant variety identification had been
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reported. The major aim of this study was not only to demonstrate how to use RAPD markers
to distinguish the 37 currant cultivars using the principle of DNA fingerprints for identifying
plant cultivars, but to also develop a new strategy to properly utilize DNA markers for the
separation of cultivars that could also be considered as a universal strategy for distinguishing
other plant and seed samples. The optimized RAPD may be a preferred technique to make this
strategy more efficient and easier to adapt.

Another distinctive result of our demonstration of this strategy is that a readable and
referable cultivar identification diagram can be constructed for use in the identification of the
related plant species in a manner similar to the use of the periodic table of elements, i.e., in
providing the basic information of each cultivar in a central, universally accessible fashion.
This method could be of great help in the nursery industry and provide valuable information
for cultivar-rights protection.

This strategy can also improve the efficiency of plant identification because few
primers and PCRs are needed, and polymorphic bands can be utilized suitably, while the DNA
fingerprints from various primers can be jointly utilized for a more thorough identification. In
this study, 8 RAPD primers were adequate to distinguish all 37 currant cultivars evaluated,
providing a diagrammatic representation for future reference in currant cultivar identification.
Verification of the accuracy of the cultivar identification and the workability of the diagram
indicated the potential for practical cultivar identification, for which all the groups of cultivars
distinguished are identified using the specific primers as anticipated. The present study offers
a new method for accurate and reliable identification of currant varieties, and in turn offers a
good theoretical foundation for a tool to identify new cultivars and protect intellectual property
rights (Wang et al., 2009).

The notion that DNA markers are not easily used in practical plant separation is over-
come by this strategy, because most of our results generated from work using DNA mark-
ers were not practically referable or workable for future use, until our strategy demonstrated
how to make the markers more applicable for varietal identification. This study marks the
beginning of a project to present all of the identification information of most fruit crop culti-
vars cultivated in China for cultivar-rights protection and assistance to the nursery industry.
We recommend our strategy as an ideal application of DNA markers for the identification of
plants, seed samples, and animals. All of the identification results can also be used to generate
informative tables for wider use in silico.
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