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Abstract

DNA marker is a powerful technique that can be used in plant cultivar identification. However, the
prevailing situation is that DNA markers have not been readily and practically used in identification of
plant cultivars due to the fact the DNA fingerprint analysis strategies failed in generating referable
information for direct use. We have developed, a novel analysis approach called CID strategy that can
make the utilization of DNA marker more practical and workable in separation of plant individuals. A
cultivar-identification-diagram (CID) was designed whereby the polymorphic maker generated from each
PCR directly provided for cultivar sample separation at each step. In this study, the CID strategy was
employed for identification of important loose-skin mandarin cultivars cultivated in China, and all
cultivars (44) were successfully separated with random amplified polymorphic DNA (RAPD) marker. A
CID diagram showing the polymorphic bands for the identification of all cultivars was constructed. The
utilization of the CID of these 44 loose-skin mandarin cultivars was also verified by identification of three
randomly chosen groups of cultivars among the 44. This identification showed some advantages in that
fewer primers were used, and all the cultivars could be identified by the corresponding primers marked in
the right position on the CID. This loose-skin mandarin cultivar CID could provide information needed to
identify any of these 44 loose-skin mandarin cultivars, and can definitely be of great help to the loose-skin
mandarin industry in China.
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Introduction

Citrus is one of the most economically important fruit crop in China, and worldwide. In 2008,
the national citrus acreage reached 2030.8 thousand hectares, which took the lead in the world, with
a total annual production of 23.313 million tons, ranked the first among the citrus producing
countries. The loose-skin mandarin (Citrus Reticulata Blanco) is a citrus group which is the most
widely distributed in cultivation areas where it accounts for 71% of the total citrus fruit yield.
China is the major origin place of citrus in the world. With over 4000-years in cultivation history
and long-term natural and artificial selection, China has harbors the most abundant citrus
germplasm in the world. The ancient culture of loose-skin mandarin, the vegetative way of
propagation, and many breeding programs carried out in the world have led to the existence of a
large number of cultivars. The broad geographic expansion of the Loose-skin mandarin culture

Romanian Biotechnological Letters, Vol. 17, No. 2, 2012 7073



Employment of a new strategy for identification of loose-skin mandarin
(Citrus reticulata Blanco) cultivars using RAPD markers

causes the problem of cultivar synonyms (cultivars having more than one name) and homonyms
(different cultivars mentioned under the same name). Accurate and rapid identification of the
Loose-skin mandarin varieties is an essential and desirable work for breeders, commercial
companies and for further research. In the last decade, it has become imperative to handle the large
germplasm of the loose-skin mandarin and to properly identify the different cultivars. DNA based
molecular markers have been utilized in genetic studies and cultivar characterization and
identification of Citrus [13,5]. Although these studies could provide the information on genetic
diversity levels and the separation of the plant individuals studied, there was no single report that
could identify a large number of Loose-skin mandarin cultivars and give a referable result for the
cultivar identification, which has been the main problem limiting the practical utilization of DNA
marker in plant cultivar identification. The main reason for this situation is that analysis strategies
of DNA fingerprints could not generate referable information that could show which primer and
which polymorphic marker could be used to separate and identify the cultivars. The popular
analysis techniques for DNA banding patterns known as cluster analyses are not efficient for
cultivar or species separation. Employing a strategy that can make the verification of the Loose-skin
mandarin cultivars reliable, easy, referable and practical is necessary for nursery industry,
protecting plant patents and genetic resources conservation and evaluation.

Classical approaches for identification of cultivars were based on morphological, physiological
and agronomic traits. However, these traits have limitations since they could be easily influenced by
the environment and need extensive observation of mature plants. The molecular markers have the
advantages in that they are not affected by the environment and can provide a powerful tool for
proper characterization of cultivars. In recent years, various DNA-based markers have been
developed and used for genetic diversity, fingerprinting studies and origins of the cultivars
[6,14,11,3,7]. Among these markers, Random Amplified Polymorphic DNA (RAPD) [18] is useful
for cultivar analysis with wonderful advantages of simplicity, efficiency, and non-requirement of
any previous sequence information. If optimization of the RAPD technique by choosing 11 nt
primers and strict screening PCR annealing temperature for each primer is done before it is
employed in fingerprinting plants, RAPD can be a preferable technique used in plant cultivar
identification. So far, RAPD marker has been used in cultivar identification and genetic relationship
analysis of a number of fruit species, such as apricot [8], pomegranate [9], cherry [4], pistachio [10]
and Strawberry [17]. In practice, the availability of powerful DNA markers for plant identification
has not made plant variety identification efficient, recordable, and easy as anticipated.

In this study, we employed a newly developed analysis strategy that can make identification of
many loose-skin mandarin cultivars a practical, efficient, recordable, and referable work. The CID,
showing the separation of 44 loose-skin mandarin cultivars, generated from the RAPD banding
patterns can definitely be of service to the Citrus industry.

Materials and Methods

Plant Materials

Young leaves of 44 commercially important loose-skin mandarin cultivars (Table 1) were
collected from the Institute of Pomology at the Chinese Academy of Agricultural Sciences,
Chongqing. The cultivars comprised of tangerines, mandarins and one hybrid..
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Table 1 Name of the commercial materials used in the experiment

No. Cultivar No. Cultivar

e 5 ‘Wilking

! Kiyom 23 Mandarin’

2 ‘Bendizao’ 24 ‘Zhuanyouju’

3  ‘Bendiguangju’ 25  ‘Ougan’

4  ‘Daoxianyeju’ 26 ‘Manguju’

5 Murcqtt s 27 ‘Parsons Mandarin’
Tangerine

6  ‘Jianyangjuyou’ 28 ‘Yaoxianggan’

7 ‘Nieduyeju’ 29 ‘Page Tangor’

8  ‘Saga’ 30  “Yuanjiangnanju’

9 ‘Manshenghongju’ | 31 ‘Huanongbendizao’

‘ ) ‘Cleopatra
10  ‘Dahongpao 32 mandarin’
11 “Okitsu Wase’ 33 ‘Uganda’

12 ‘Banyejuzazhong’ 34  ‘Zaojuw’

13 “YetianxirinanNo.l’ | 35 “Yangshiju’

14 ‘Xuanyayeju’ 36  ‘Sijigan’

15 ‘Morocco Sunki’ 37 “Xipigoushigan’
16 “‘Cupigoushigan’ 38 ‘Ponkan’

17 ‘Dakengyeju’ 39 ‘Shantousuangan’
18 “Wuhepenggan’ 40 ‘Zhuyw’

19  ‘Chazhigan’ 41 ‘Nankou’

20  ‘Nianju’ 42 ‘Zoupigan’

21  ‘WanmiNo.3’ 43 ‘Wenju’

22 ‘Jiangnangan’ 44  ‘Jiaogan’

Genomic DNA extraction

Total genomic DNA of each genotype was extracted from young leaves using the modified
cetyl trimethyl ammonium bromide (CTAB) method [12]. The extracted DNA was diluted to 30
ng pL™" and stored at -20°C for PCR amplification.
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RAPD analysis

In case of RAPD reactions, 54 primers were tested with a few genotypes initially and only
those primers resulting in clear unambiguous and reproducible banding patterns with all genotypes
tested were selected for use in genotyping.

11-nt RAPD primers were used to screen in this study. In order to increase credibility of the
fragments, we used only those primers resulting in clear unambiguous and reproducible banding
patterns. Thus, 7 primers (Table 2) that showed well-resolved and reproducible bands were selected
to assay all genotypes, while the others were discarded. The reaction mixture (final volume 20uL)
consisted of 2.0uL 10xbuffer, 1.2ul. MgCl, (25 mM), 1.6uL dANTP (2.5 mM), 1.6uL primer
(1.0uM), 0.1pL rTaq Polymerase Dynazyme (5U/uL) and 1pL of genomic DNA.. Amplification
reactions were performed based on the standard protocol of Williams et al. (1990) with minor
modification. The PCR was carried out in an Autorisierter Thermocycler (Eppendorf, Hamburg,
Germany), programmed as follows: pre-denature 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
(Table 2); an extension step for 2 min at 72°C. Amplification was terminated by a final extension
of 10 min at 72°C. After amplification, amplified DNA fragments were separated by gel
electrophoresis in 1.3% agarose (w/v) (Fig. 1) in 1XTAE (0.04M Tris-acetate, 0.001M EDTA pH
8.0) buffer at 100 V. The gels were stained with 0.5 pg/mL of ethidium bromide and visualized
under ultraviolet light. Polymorphic bands among the cultivars were observed from photographs.
In order to have reproducible, accurate and clear banding patterns, each amplification reaction was
repeated at least thrice separately.

Table 2 7 primers were chosen for further fingerprinting of the 44 loose-skin mandarin genotypes.

Primer = Nucleotide sequence (5°-3’)  Anneal temperature

Y-22 GGACCCAACCT 43.7
Y-27 GTGTGCCCCAA 44.4
Y-28 GTGTGCCCCAT 44.4
Y-34 AAGCCTCGTCT 43.7
Y-45 ACGACCGACAA 43.7
Y-51 TGGTGGCGTTA 44.4
Y-57 ACCCCCGACTA 44 .4

Data analysis

Only clear, unambiguous and reproducible banding patterns were manually scored from
photographic prints of gels for each cultivar then specific bands were chosen to identify the
cultivars. When cultivars share the same band in the fingerprint generated from one primer, they
were separated into the same group, and the others were separated into the other sub-groups., Based
on this criteria, all the loose skin mandarins cultivars were gradually and completely separated from
each other as more were primers employed.

Test of utilization and workability of the diagram in cultivar identification

Three groups of loose-skin mandarin cultivars, which were randomly chosen from the inter-
and intra-groups, were used to verify the utilization and workability of the diagram showing the
separation of the 44 cultivars. The three groups of cultivars were marked with “A”, “B”, “C”,
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respectively, and the corresponding primers to be used for the separation of each group were easily
picked out from the CID. If these cultivars randomly chosen could be distinguished accurately and
quickly as anticipated based on the whole CID, we would definitely assure the workability and
efficiency of this new strategy in the identification of fruit crop cultivars and seed samples of field
crops both for the present study and also for similar work in the future. The data of cultivar separation
from this diagram can also be generated into database for ease of reference..

Results

Cultivar identification

To establish a stable and optimistic RAPD system with high reproducibility, one nucleotide
longer random primers (11 nt) were employed and the annealing temperatures for each primer were
screened based on the quality and reproducibility of banding pattern. ~ All the primers employed for
the identification of the loose-skin mandarin cultivars were randomly screened from a stock of 54
11-nt primers, and once an optimistic primer that could produce clear and reproducible polymorphic
bands was screened, it was further utilized in the identification of the loose-skin mandarin cultivars.
After 7 primers (Table 2) were screened and utilized in a step by step manner, all the 44 cultivars
could be successfully identified. An example of the RAPD patterns generated with primer Y57
and used to separate the 44 Loose-skin mandarin cultivars in the first step are as shown in Fig.1.
The polymorphic bands with sizes of 400bp, 1100bp were chosen to separate the 44 cultivars, and
the presence and/or absence of the two bands could classify these cultivars into four groups as
shown in the diagram (Fig. 1). The fourth group including three cultivars was separated by the
presence of both the 400bp and 1,100bp bands, and could be further separated into two subgroups
using information on the presence and absence of a 500bp band amplified by primer Y45. Of the
two subgroups, the cultivar ‘Parsons Mandarin’ was first identified as a single-cultivar group by the
absence of the 500bp PCR product, and the identified cultivar is shown without a grid in Fig 1.
The other two cultivars (‘Zhuanyou ju’, ‘Hua nong ben di zao’) in the second subgroup could be
further distinguished by the presence or/and absence of the 1,800bp band. Following this
procedure the remaining 6 primers (Table 2) were, step by step, screened and chosen to differentiate
the cultivars untill all the 44 Loose-skin mandarin cultivars could be completely separated as
shown in Fig. 2. For easy reading of the CID, all names of separated loose-skin mandarin cultivars
at each step were written in bold font. What needs to be emphasized is that only the clear
polymorphic bands generated from each primer were used to differentiate the cultivars. The
presentation of the presence/absence of the polymorphic bands, used for cultivar identification, with
sizes’ information in the manually constructed CID as shown in Figure 2 can make the CID diagram
practically useful and referable in loose-skin mandarin cultivar identification exercises.
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M 33 34 35 36 37 38 39 40 41 42 43

Figl
Fig 1 RAPD banding patterns of 44 genotypes within the genus Citrus Reticulata Blanco obtained
with primer Y57. The white horizontal arrows indicate the specific bands. The lane numbers
correspond to the cultivar code in table 1. M: DL2000 plus marker.
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Verification of cultivar identification ability and workability of the CID

The important aim of this study was not only the utilization of RAPD marker to distinguish the
44 cultivars like most reports before which focused more on the genetic analysis and presence of
some phylogenetic trees without referable information for practical plant sample identification. The
more interesting and important purpose of our study was to generate a referable
cultivar-identification-diagram of selected Loose-skin mandarins cultivars with the intention of
presenting the information on the polymorphic markers used to separate the cultivars in the CID,
which eventually made the identification of these Loose-skin mandarins cultivars a quite practical
and easy work. This can definitely be of benefit and service to Citrus nursery industry and for
cultivar-right-protection. To identify some Loose-skin mandarins cultivars among those studied
here, one can easily locate the primers and chose the target polymorphic PCR product on the CID
for further identification. To confirm this, verification of utilization, workability and efficiency of
the Loose-skin mandarin CID was necessary. Three groups of cultivars including groups “A” which
comprises ‘Wilking Mandarin’ ‘Zhuan you ju’ ‘Ou gan’ and ‘Man gu ju’, “B” comprising ‘Da keng
ye ju’ and ‘“Wu he peng gan’ and “C” comprising of ‘Nankou’ and ‘Zou pi gan’ were randomly
chosen from the inter-and intra-groups in the CID and used for the verification. From the location of
these cultivars in CID, it was easy to establish that primers Y57, Y51, Y45 and Y28 were definitely
those to use in separating these three groups of cultivars. Primer Y57 could separate ‘Zhuan you ju’
and ‘Man gu ju’ out of four cultivars in group A (Fig. 3A), while Y51 separates the other two
cultivars of ‘Wilking Mandarin’ and ‘Ou gan’; The group of ‘Da keng ye ju’ and ‘Wu he peng gan’
could be separated by the 650bp long polymorphic band derived from primer Y45 (Fig. 3B). The
band of about 400bp in length from primer Y28 disjoined the group of ‘Nankou’ and ‘Zou pi gan’
(Fig. 3C). This validation of separation of the two randomly chosen groups of cultivars not only
indicated that this Loose-skin mandarin CID strategy was definitely workable, efficient, referable,
and practicable, but also shows us how to use this CID for better service in the Loose-skin mandarin
industry and research on Loose-skin mandarins genetic resources. It is also important to point out
that data on cultivar separation from this diagram can be developed into a database for future use in
silico.

2000bp ——»

1000bp——,

500bp——

250bp——

A
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17 18 M 42 41

Fig 3
Fig 3 Verification result of cultivars selected randomly by the corresponding primers.
The white horizontal arrows indicate the specific bands. The lane numbers correspond to the code
in table 1. M: DL2000 plus marker. “A” was the DNA banding patterns obtained with two
primers used to separate the first group cultivars which marked in figure2 by “¥<”. “a” obtained
with the primer Y57, “b” obtained with the primerY51.
“B” and “C” were the DNA banding patterns obtained with the primers Y45 and Y28 used to
separate the group “B” and “C” which were marked in figure2 by ‘A’. “B” obtained with the
primer Y45, “C” obtained with the primer Y28.

Discussion

DNA markers are a powerful technique with the potential and potent utility in identification of
plant cultivars and species. Though several generations of DNA markers have been developed and
used to cultivar identification [2,15], genetic analysis [1,16], and thousands of related papers
published, these markers cannot be easily and efficiently used in practical genotyping. In fact, use
of DNA markers to identify some plant varieties efficiently and easily in practice, has eluded many
researchers.. Till now, no efficient approach had been developed to use DNA markers easily in
cultivar identification except where phylogenetic trees or the fingerprints of several cultivars were
employed to show separation of plant samples. Phylogenetic trees were mainly derived from cluster
analysis. The new approach of using a cultivar identification diagram (CID) as employed in this
study can enable DNA markers to be more efficiently and practically utilized in distinguishing plant
cultivars, and seemed able to use primers efficiently and is easily operated. The CID diagram
generated can be very referable information for the Loose-skin mandarin cultivar identification.
This strategy can facilitate realization of the power of DNA markers in plant cultivar identification,
use the polymorphic bands from each primer screened better and gradually distinguish the
individual samples, as well as chart the identification results informatively and clearly. Although
the method does not accurately reflect the genetic relationship of the plant cultivars, ,the first
cultivar to be divided out is theoretically farther genetically from the others, and those identified
later might be genetically closer. This method can be quite useful in plant cultivar identification
for cultivar-right-protection, cultivar identification, and early identification in nursery industry.

China is an important agricultural country in the world and has abundant of plant resources,
thus making differentiation of plant samples an important task to carry out. Loose-skin mandarin
is an ancient horticultural plant and was widely cultivated in most parts of the world. Despite its
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importance, little work has been reported on efficient cultivar identification and genetic diversity of
Loose-skin mandarin. At present, the phenomenon that a name might be used by various cultivars
or a group cultivar has different names in different production regions often happens in China. It is
therefore fundamental to identify Loose-skin mandarin cultivars for conservation and research on
genetic resources, nursery industry as well as plant variety protection.

In this study, only 7 RAPD primers were sufficient to distinguish all the 44 Loose-skin
mandarin cultivars. This approach is very convenient and easily operated for users. Although a
single RAPD primer could not distinguish a fairly large number of Loose-skin mandarin cultivars at
the same time, the new CID strategy in this work could clearly make the most out of the
polymorphic PCR bands for efficient identification of the Loose-skin mandarin cultivars, which
overcome the drawbacks of the cluster analyses employed before in plant identification. The
informative CID diagram (Fig.2) of Loose-skin mandarin cultivars is the key result that can tell us
the primer or primers can be used to separate target Loose-skin mandarins cultivars. Basically, any
two cultivars can be identified with one RAPD primer. In practice, if more new Loose-skin
mandarin cultivars are released, the set of 7 primers can be used to run the DNA samples of the new
cultivars and the PCR banding patterns can show us where to position the new cultivars in the CID.
If all the 7 primers cannot disjoin the 44 original grapevine cultivars with the new ones, some new
primers can be screened and used to separate these cultivars and position them on the CID, leading
to generation of a larger CID. It seems that not much work is needed for separation of one or several
new cultivars. The verification of workability and accuracy of the CID as anticipated can confirm
the practical importance of this Loose-skin mandarin cultivar identification. We believe that this
separation of cultivars and the new strategy employed here can definitely be significant to the
Loose-skin mandarin industry in China.

This study initiates new work of efficient application of DNA markers even in the
identification of other plant and seed samples, which is important in plant genetic germplasm
conservation, cultivar-right-protection, provision of genetically uniform seedlings in production,
and in the seed industry. Use of such a CID in plant cultivar identification has some advantages in
that fewer primers can be efficiently used, all cultivars included can be separated now and in the
future easily by PCR with the corresponding primers easily found on the diagram. The CID
information can be transferred to databases in silico and made available to scientists and farmers all
over the World. CID are not just simple diagrams, they can make DNA markers more applicable for
plant variety identification in practice. This study is part of a wider project we have initiated on
most important fruit crop cultivars cultivated in China so as to provide service to
cultivar-right-protection, nursery industry, and genetic resource conservation. We anticipate that this
new method can be used to draw CIDs for each organism species, and the CID generated can work
just like the periodic table of elements in chemistry, providing us with the information needed for
separating cultivars, breeds etc.
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