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Abstract Plant variety identification has profound meanings to ensure seed quality and food safety. DNA fingerprinting has its 
advantage in plant variety identification, and has transformed from indirect evidence into a mainstream method. A method for DNA 
fingerprinting called core loci combination was summarized in this study, which utilized a set of fixed core loci combination to 
identify different varieties. Since 2003, the project has been constantly improved and expanded. The first was to form combination of 
expanded loci by increasing the quantity of core loci to cope with increasing demand of variety identification of derived varieties. 
The second was to further decompose the core loci into group specific loci which played the function of fast and accurate clustering 
and species-specific loci which had stronger variety identification function. The third was to further propose the core loci 
combination of polyploidy crops based on the mature experience of diploid crop, which are diploidized single marker method and 
combination marker method. From the trend of future development, the rapid development of new technologies such as sequencing 
technology and gene editing technology will largely promote the improvement of DNA fingerprinting and improve the application 
effect in practice. This article has systematically elaborated the concept and characteristics of variety identification, summarized 
major types and identification methods of DNA fingerprinting, extracted technical methods for variety DNA fingerprinting and 
finally out-looked the future trend of DNA fingerprinting development. It is hoped that the study could provide guidances for the 
development of DNA fingerprinting standard of each crops, and the application of molecular technology in the structure and variety 
identification of DNA fingerprinting database. 
Keywords Plant, Cultivar identification, DNA fingerprinting, Core loci, Extended loci 

The identification of plant varieties is of great significance for ensuring seed quality and food security in 
agricultural production. With the promulgation and implementation of seed law and supporting regulations, while 
the seed market is prospering, there are also ACTS such as infringement of brand name, producing and selling 
fake and inferior seeds, which affect the healthy and sustainable development of the seed industry (Wu et al., 
2015). This is also the reason why the rapid and efficient variety identification method is urgently needed to escort 
the development of the seed industry. Compared with traditional identification techniques such as field planting 
identification and protein electrophoresis identification, DNA fingerprinting technology has unique advantages in 
variety identification. And SSR technology has the advantages of codominant inheritance, high polymorphism, 
simple data statistics, simple, fast process and easy standardization, and has been widely used in variety 
identification (Guichoux et al., 2011). China has been carried out the work of database construction on dozens of 
crops such as corn (Wang et al., 2017), rice (Xu et al., 2014), cotton (Kuang et al., 2015), wheat (Zheng et al., 
2014), soybean (Gao et al., 2009), rapeseed (Ma et al., 2013) and Chinese cabbage (Zhang et al., 2013) and 
eatablished the identification standard based on SSR marker (Wang et al., 2015). SNP technology has the 
advantages of high flux and easy automation. High-flux SNP detection platforms have emerged, and chips for 
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detecting thousands to tens of thousands of SNP sites have been introduced in corn (Unterseer et al., 2014), rice 
(Yu et al., 2014), wheat (Winfield et al., 2016) and other crops. InDel technology combines the advantages of SSR 
and SNP technology, and multiple InDel compound amplification system (Feng er al., 2017) has been developed, 
and the high-density chip of InDel has been successfully developed. In terms of variety area test (Wang et al., 
2016), variety right protection (Xu, 2010), and seed quality supervision (Wu, 2015, China Seed Industry, 5:1-3), 
DNA fingerprint identification method has also changed from indirect evidence to mainstream method. However, 
in the field of variety identification, previous studies mainly focused on the technical level, involving few in 
detection schemes and without a systematic summary. This condition resulted in great differences in the actual 
application effect of molecular technology in different plants. But the widespread application of molecular 
identification has not been realized in many crops. 

In recent years, many relevant seed industry documents released by the Ministry of Agriculture and the State 
Council, as well as the national long-term and medium-term scientific and technological development plan outline 
of the Ministry of Science and Technology, all involve the content of seed molecular detection and authentic DNA 
identification of varieties. In 2014, the General Principles of DNA Fingerprint Methods for Plant Variety 
Identification (hereinafter referred to as the General Principles) were promulgated and implemented. In 2015, the 
Ministry of Agriculture issued the "Construction of DNA Identification System for Crop Variety " program. The 
New Seed Law revised in 2016 takes DNA testing and other rapid test results as punishment basis. In 2017, the 
13th Five-Year Key Research and Development Program of the Ministry of Science and Technology "Research 
and Application of Molecular Fingerprint Detection Technology for Seeds of Major Crops" was launched. The 
research and development of molecular technology such as SNP and the construction of shared database were 
carried out for maize, rice, wheat, soybean, cotton, rape and vegetable crops. This research was based on the 
repeated consideration and conclusion of the principles and strategies of plant variety identification in the process 
of the development of the General Principles, the construction of identification system and the revision of New 
Seed Law. This study systematically elaborated the concept and characteristics of variety identification, and the 
types and ideas of variety DNA fingerprint identification of varieties, summarized the different schemes of variety 
identification, and looked forward to the future development trend of the DNA fingerprint identification of 
varieties, with a view to playing a guiding role in the development of DNA fingerprint identification standards of 
crops and the application of molecular technology in the construction of DNA fingerprint database and the 
identification of varieties. 

1 Concept and Characteristics of Plant Variety Identification 
Identification refers to the identification of the true and false, merits and demerits of things. In the biological field, 
identification mainly involves species identification, species identification, individual identification and other 
types. Plant variety identification is a process of evaluating the plant population with certain morphological 
characteristics and production traits that have been artificially selected and bred. In terms of identification objects, 
variety identification is a type of identification between species identification and individual identification. 

Variety identification and species identification are both based on plant population identification, and the main 
differences between the two are as follows: (1) Reproductive isolation is common among different species (De 
Queiroz, 2007), so the genetic differentiation among species is large and easy to distinguish, while there is no 
reproductive isolation between different varieties of the same species. Under the background of modern artificial 
breeding, germplasm resources in different areas have broken the geographical isolation, resulting in frequent 
combination and exchange of genome sequences and small genetic difference in the breeding varieties. (2) 
Species identification mainly makes use of gene (genome) sequence differences, namely haplotype DNA barcodes 
(Hebert et al., 2003; Moritz and Cicero, 2004), while variety identification mainly makes use of genotype 
differences, i.e. DNA fingerprint, which requires a combination of loci with high polymorphism below species 
level (Anastassopoulos, 2005). 
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Both variety identification and individual identification are identifications below species, and the main differences 
of the two are as follows: (1) Variety identification is an overall description of the homogeneous population of that 
variety rather than a separate description of each individual of the variety. Individual identification refers to the 
identification of each individual, which is applicable to the situation where there are great differences among 
different individuals within a group and it is meaningful to distinguish individuals. Individual identification is 
required less in plants, but more in humans and some animal species (Hill et al., 2009; Liu et al., 2013). (2) The 
same variety could be combined or propagated at many points for many years. For varieties of self-pollinated 
crops or inbred lines of cross-pollinated crops, the problem of residual heterozygous loci in varieties (lines) 
caused by insufficient self-crossing or mutation exists. For hybrid varieties, there are purity problems caused by 
inadequate isolation or emasculation measures during seed production, which may lead to some slight differences 
between seeds produced in different years and places (Yan et al., 2003; Xu et al., 2009). For individual 
identification, there is no variation in sampling of the same individual at different times. (3) The selection and 
breeding process of varieties is a process of artificial modification of materials by breeders, which can create a 
large number of varieties with highly similar genetic backgrounds. Therefore, variety identification needs to know 
the variation range of varieties in advance to serve as the determination threshold (Heckenberger et al., 2002). 
However, individual’s identification is faced with invariant individuals, and different individuals should have 
identifiable differences in the DNA sequences. 

2 Identification Type and Idea of DNA Fingerprint of Varieties 
2.1 Identification type 
The identification of varieties DNA fingerprint is a process of comprehensive evaluation of varieties by using 
DNA fingerprint technology. The identification of varieties DNA fingerprint discussed in this study mainly 
involved four types: authenticity identification, derivative relationship identification, paternity identification, 
inbred line (or pure lines) tracing back. In addition to the above four types of genetically modified ingredients 
(Deng et al., 2011), male sterile identification (Zhang et al., 2005), functional gene identification (such as waxy 
gene, sweet genes, resistance genes, etc.) (Andersen and Lubberstedt, 2003), gender identification (Dong et al., 
2006), reciprocal cross identification (Ge et al., 2013) belonged to the special type of cultivars. However, due to 
the identification of transgenic components, male sterility, functional genes and gender for specific traits, and the 
identification of positive and negative crossing for cytoplasmic differences, it was not included in the category of 
DNA fingerprint identification of varieties discussed in this study. 

2.2 Identification idea 
2.2.1 Authenticity identification 
Authenticity identification is the identification of the true identity of varieties, focusing on whether there are 
significant differences between varieties, so the index used is the difference points. Authenticity identification 
process is a process of "seek differences", complete varieties of known standard DNA fingerprint database is the 
key to realize the identification, appraisal idea is as follows: the first step is to build a known breed standard DNA 
fingerprint database, which uses to distinguish the ability of a set of core loci (general dozens) of known breed 
standard sample build DNA fingerprint. The fingerprint database is characterized by high data quality and easy to 
share and could represent the "real fingerprint" of corresponding varieties. The second step is to compare varieties, 
it is using the same set of core sites for construction of DNA fingerprint check variety, according to comparing 
different testing requirements: (1) when used for screening variety label name corresponding standard fingerprint, 
the known breeds with the standard for check varieties corresponding varieties compare with the same DNA 
fingerprint libraries, tests confirmed for varieties of test sample name tagging is worthy of the name, namely the 
authenticity verification; (2) when the tested variety is anonymous or inconsistent with the label name, it shall be 
screened through the standard DNA fingerprint database of the known variety to determine the real variety name 
of the tested sample, namely, identity identification. 
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2.2.2 Identification of derived relations  
The identification of variety derivation relations further answers whether those varieties that have been 
determined to be specific in the protection of variety rights are independent varieties or have derivation relations 
with the original varieties. Compared with authenticity identification, derivative relationship identification focuses 
more on the degree of genetic background similarity among varieties, so the index used is genetic similarity. The 
identification process of derivative relationship is a process of "finding similarity", and determining the 
appropriate threshold is the key to realize identification. The identification idea is as follows: the first step is to 
determine the appropriate threshold of derivative varieties. Using a set of core loci uniformly selected from the 
whole genome, a DNA fingerprint database is constructed for a set of representative varieties of this species. 
According to the genetic similarity among varieties, and combining the phenotype and genealogy information, the 
appropriate genetic similarity threshold with a high degree of expected coincidence is determined. Among them, 
the determination of derived varieties and the same varieties should be further combined with the phenotypic 
difference. The second step is to identify the derived varieties, that is, using the same set of core loci to construct 
the DNA fingerprint of the two varieties to be tested, calculate the genetic similarity of the two varieties, use the 
above threshold, and determine whether the two varieties are derived varieties by combining the phenotypic 
differences. Based on the studies of Noli et al. (2013) and Heckenberger et al. (2002), the relationship diagram of 
independent varieties, derived varieties and original varieties was formed (Figure 1). 

2.2.3 Parental test 
Paternity test is the identification of the parent inbred line in the previous generation with retroactive hybrid 
combinations, which could be divided into triplets, dizygotic and parents suspected (Li et al., 2005): (1) the 
so-called triplets’ referees to the provision of a hybrid and its known parent 1 and the hypothesis parent 2 to 
determine whether the hypothesis parent 2 is its true parent. (2) the so-called dizygotic referees to the provision of 
a hybrid and its hypothetical parent 1 to determine whether the hypothetical parent 1 is its true parent. (3) When 
both parents were doubtful, it means to provide the hybrid and its hypothesized parents 1 and 2 to determine 
whether "hypothesized parents 1 and hypothesized parents 2" are its true parents. Of course, in cotton, rapeseed 
and other crops, there is still the phenomenon of reuse of F2 generation seeds. Tracing F1 generation hybrid seeds 
according to F2 generation seeds is also a special paternity test (Chen et al., 2014). 

The thinking of paternity has four: (1) using SSR, SNP codominant markers, using female parent organization 
such as the seeds on the skin, the skin, such as the skin of corn, rice husk of rice, beans, melons of pod shells, such 
as direct access to maternal genotype, and combined with hybrid genotypes, according to Mendelian inheritance 
law, estimate the male parent genotype (Zhao Jiu however, etc., 2004). The idea is to obtain the genotypes of both  

 

Figure 1 Relations among initial variety (IV), essentially derived variety (EDV) and independent variety 
Note: The distinction between new varieties and original varieties is mainly based on whether there are obvious differences in 
morphological characters; Whether there is a derivative relationship between the new varieties and the original varieties is mainly 
determined by the threshold set: higher than the threshold 1 can be clearly determined as independent species; Below the threshold 2 
can be clearly determined as derived varieties, between the two thresholds belongs to the doubt region, which needs to be determined 
by synthesizing molecular markers, morphological characters and pedigree information 
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hybrids and their parents in the case that the parents are unknown and only the hybrid seeds are present. (2) We 
using tissues with different proportions of maternal and paternal components, such as endosperm, and combining  
with codominant markers, to decompose the parental genotypes (Ge et al., 2013). The ratio of maternal and 
paternal components in endosperm of cereal crops was 2:1 (Zhang G.S., and Zhao H.Y., 1990, Biological Bulletin, 
12: 17-19; Mo, 1995), using the co-dominant marker of heterozygous symmetric amplification for typing, the 
amplification product quantity of the two alleles of maternal and paternal should be 2:1, so the allele with the ratio 
of 2 comes from the maternal and the allele with the ratio of 1 comes from the paternal. This idea can be applied 
to the seeds with large endosperm and easy exfoliation, such as the seeds of monocotyledonous plants such as 
corn and wheat. (3) According to the genotype of the hybrids, the triad or diad algorithm (Yang Q.G., 1998, 
Chinese Journal of Forensic Science, 13(2): 90-92) was used to screen the possible parent inbred lines from the 
known inbred line pool, or the two-parent doubting algorithm (Lu et al., 2001) was used to screen the possible 
parent combinations from the known inbred line pool. This idea is applicable to a wide range, but need to have 
database support. (4) Using maternal genetic components such as chloroplast, the possible maternal inbred lines of 
hybrids were speculated. This idea is limited by the low degree of sequence variation in cytoplasmic components 
such as chloroplasts and mitochondria (Palmer and Herbon, 1988; Heinze, 2007), It can only be used as an aid to 
paternity testing. 

2.2.4 Ancestry of inbred lines (or pure lines) 
Inbred (or purebred) ancestry is the identification of possible ancestors in inbred (or purebred) varieties. 
According to the actual needs of identification, it can be divided into two situations. One is to identify which 
existing germplasm resources have been used by breeders in the selection and breeding of new inbred lines or 
pure lines as the parents of the selected lines, generally not more than ten generations back. The second is to 
identify inbred lines of possible ancient ancestors, up to the generation of thousands of years. There are two 
approaches for this kind of identification: (1) using the differences in cytoplasmic genomes such as chloroplast 
and mitochondria to trace the maternal ancestry. The cytoplasmic components, such as chloroplast and 
mitochondria, are inherited from the maternal line, without the occurrence of genome recombination and 
exchange, and the genome sequence is conservative, which can be traced back to the maternal ancestors of a 
distant generation (Liu et al., 2008, Henan Agricultural Science, 37(7): 5-9; Dong et al., 2012). The disadvantage 
of this scheme is that it can only be traced back to the mother, not the father. (2) nuclear genome differences are 
used to trace ancestors. By finding regions with low recombination rate (or no recombination) in nuclear genome 
(Gao et al., 2005), and further screening regions with high mutation rate in these regions, these regions can play 
the progenitor role similar to chloroplast and mitochondrial genome, and can be traced back to both parents. 

3 DNA fingerprint identification scheme of varieties 
3.1 Establishment the method of core loci set 
The first scheme of variety identification is to use a set of fixed core loci to identify different varieties. Since the 
core locus grouping method was first proposed in 2003, it has played an important guiding role in the molecular 
identification of crop varieties (Wang et al., 2003). Dozens of crops have screened the core primer combination of 
this crop successively (Li et al., 2010; Wang et al., 2011; Bai et al., 2012; Sui et al., 2014), and applied in the 
construction of standard DNA fingerprint database and the identification of varieties. Core loci was preferable 
when varieties DNA fingerprint of a set of site, has the characteristics of high polymorphism, good repeatability, 
uniform distribution, unified for varieties of DNA molecular marker data acquisition and cultivars of site, 
comprehensive UPOV organize to set up the BMT molecular test guide and China promulgated the "general plant 
variety identification of DNA fingerprint method" relevant content, the selected indicators core of loci including 
high polymorphism, easy to statistical data, good repeatability, good compatibility, chromosome distribution of 
different platform clear, uniform distribution in the genome, avoid choose zero allelic variation, etc. Different crop 
core loci combination to determine the main basis different genera (species) of plants varieties quantity, difference 
situation between varieties, the chromosome number, genome size and level of polymorphic loci, different 
markers, and give attention to two or more things site flux characteristics of test platform, test the speed and cost, 
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and can distinguish the plant genera (species) more than 95% of the known species, the core site portfolio site 
number between tens to hundreds of commonly. 

3.2 The improvement and development of core loci set 
At present, the core loci combination, which developed and applied on crops is obtained from the selection of 
large-scale loci uniformly selected from the whole genome, but the value of different markers is different, and the 
impact on the analysis results is also different. Most plant species have a large number of varieties. Due to 
ecological adaptation, breeding habits and geographical isolation, they have formed their own unique variety 
groups. If ignoring the variety group and facing a large number of varieties directly, it will increase the difficulty 
of variety identification. Taking corn as an example, the number of maize varieties and combinations has reached 
tens of thousands, and the inbred lines of corn have formed different heterosis groups such as sipingtou, luda 
honggu, red, Lanka and P groups, with obvious differences among groups (Liu et al., 2012). In view of this, if the 
identification of varieties is carried out in two steps, a small number of markers will be used to determine the 
group of varieties to which the varieties belong, and then the further differentiation of different varieties within the 
group will be conducive to the accurate and rapid identification of varieties, especially when the number of 
varieties is large. Accordingly, the core site is divided into two levels, level 1 is the core of the differentiate 
varieties of site, will breed because of geographical isolation, breeding habits, ecological form of varieties such as 
clear as a number of varieties, can achieve the goal of tag insertion loss variation could be big pieces, it is possible 
that low restructuring and the area of high mutation, based on the three generations of sequencing technology 
development. The second level is the core locus to identify varieties, and to identify small differences in the same 
species, such as SSR, SNP, InDel and other small sequence variations, so as to distinguish different varieties 
within the variety group. The selection of variety identification markers depends on the degree of variation within 
each variety group. Conversely, the lower the degree of variation, the more varieties there are and the more 
markers are needed. Therefore, when calculating the polymorphism of markers, it is necessary to calculate the 
markers with high polymorphism in each variety group for each variety group, and find the markers with high 
polymorphism in each variety group as the preferred markers for the species. Taking the identification of maize 
inbred lines as an example, it can be grouped according to the situation of heterosis group. First, a set of specific 
core loci of the group can be found to classify the varieties into different heterosis groups, and then the varieties 
within the group can be further distinguished, and the specific loci of the variety can be found to distinguish 
different varieties. The species-specific loci and the species-specific loci of the variety group combine to form a 
set of core loci combinations. This is a further improvement on the original core site grouping method. The 
species-specific loci have the function of rapid and accurate classification, while the species-specific loci have the 
function of strong variety identification. 

With the emergence of a large number of essentially derived varieties (EDV), which puts forward higher 
requirements for the variety identification, the number of choice points and the ability to distinguish the available 
points need to be optimized urgently. Therefore, on the basis of the original core points, the number of additional 
points is added to form the extended point combination. Extend the basic principles of site selection and core sites 
are the same, but more, and more focus on chromosome evenly distributed, when used with a core site should be 
able to distinguish between the plant genera (species) more than 99% of the known species, number of sites 
around several thousand to tens of thousands of (according to different crop varieties of genome size and 
diversity). The following factors should be considered in the selection of extension site combination: (1) the 
significance of different variation sites is different, and the selection of intra-gene or inter-gene, and the selection 
of genes affecting the function or not; (2) the selection of loci was based on physical location or genetic linkage 
map; (3) different types of variation loci, such as SSR, SNP and InDel, have different meanings. 

The principle of core locus grouping method: the identification loci include two categories of core loci and 
extension loci, in which the core loci are divided into two levels of grouping loci and variety differentiation loci, 
and the number of loci is within the range of 1-10 and 10-100, respectively. Extension sites can be divided into 
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several levels, and the number of sites increases gradually (Figure 2A). In the face of a large number of varieties, 
the varieties were first divided into several groups by the grouping sites in the core loci, and then the different 
varieties in the group were identified by the differentiation loci of the varieties in the core loci. For the varieties 
still unable to be distinguished, the extended core loci were used for identification (Figure 2B). 

3.3 effects of crop ploidy on core loci combination selection 
The core locus grouping method has been widely used in the construction of DNA fingerprint database and variety 
identification of diploid plant varieties such as maize (Lu et al., 2014; Wang et al., 2017). Due to the complexity 
of genome brought by ploidy in polyploid plants (Yang ji, 2001), it is difficult to select core loci, which has an 
impact on the application of core locus grouping method in the identification of polyploid plant varieties. 
Therefore, on the basis of learning from the mature experience of diploid plants, two possible strategies for the 
combination selection of core loci suitable for the characteristics of polyploid crops were proposed, namely the 
diploid single labeling method and the combination labeling method. 

Diploid single-marker method: studies on the evolution of polyploid genomes have proved that the long-term 
evolutionary process eventually leads to the diploidy of polyploid plants (Wolfe, 2001). Therefore, for most 
polyploid plant species, the screening of diploid polymorphic sites is highly feasible in practice. The strategy 
includes three situations: first, polymorphic markers are designed for genomic regions that are missing from the 
corresponding chromosome subgroups, and their expression is similar to that of diploid crops (Figure 3A; Figure 
3B). The second is to select different sequences between different chromosomal subgroups, which can be 
distinguished, and only one chromosomal subgroup has sequence polymorphism. Polymorphic markers are 
designed on this region to only count the information of the chromosomal subgroup with polymorphism and filter 
out the information of other non-polymorphic chromosomal subgroups (Figure 3C). The third is to choose 
between different chromosome subgroup of the sequence is different, can distinguish, and in different sequence 
polymorphism of chromosome subgroup is different, in this design on the area of polymorphic markers, according 
to the sequence polymorphism is able to distinguish between different chromosome subgroup, and further 
statistical each chromosome polymorphism of subgroups (Figure 3D). The figure shows the site selection strategy 
of the diploid single-marker method by taking the heterotetraploid species as an example. The first four pictures 
show the situation that diploidy can be achieved. The marker type can be SSR, InDel or SNP, and it can be 
classified by electrophoresis or sequencing (Figure 3A; Figure 3B; Figure 3C; Figure 3D); The last picture shows 
the situation where diploidy is not possible. Because the sequence of different chromosome subgroups cannot be 
distinguished, the diploidy markers cannot be designed for these regions (Figure 3E). 

Combinatorial labeling means that since it is often difficult to achieve the goal of distinguishing different 
subgroups and having polymorphism within subgroups by only one marker, the second strategy is to select at least 
two closely adjacent markers to form combinatorial markers. Combinatorial markers include two types, one plays  

 

Figure 2 Principle of core loci combination 
Note: A: Type and the number of the loci; B: Process of variety DNA fingerprint identification 
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Figure 3 Strategies for core site selection of polyploid: diploid single marker method 
Note: A,B: A marker developed in the region that appeared on a chromosome subgroup and was polymorphic but absented in other 
chromosomal subgroups; C: A marker developed in the region which sequences between the different chromosomal subgroups were 
different, and that was polymorphic in one chromosomal subgroups but no polymorphism in other chromosomal subgroups; D: A 
marker developed in region in which sequences between the different chromosomal subgroups were different, and that was 
polymorphic in both chromosomal subgroups; E: A marker developed in a region in which can't be separated by sequences of 
subgroups of different chromosomes; a,b: Different chromosome subgroups 

the role of distinguishing different chromosomal subsets, and the other plays the role of providing further 
sequence polymorphism within the subsets. These markers were shown to be co-isolated without recombinant 
exchange. Since only the overall combination of these markers could play a role, only the sequencing platform
could be used for typing. Figure of allotetraploid species, for example, shows the site selection strategy of 
combinatorial labeling (Figure 4), six times, eight times and other polyploid species can be used in a similar 
strategy: choose closely adjacent two polymorphic loci form loci combination, one of the loci (generally SNPS or 
InDel) to distinguish the various subgroups, another one (generally SSR) to distinguish polymorphism within the 
subgroups, sequencing of loci combination area, using the sequencing result to part. 

4 Relationship between morphological identification and DNA fingerprint identification 
Similar to DNA fingerprint identification by selecting a set of core loci combination, in terms of the protection of 
plant variety rights, a set of variety identification system based on morphological traits was also established - DUS 
test (Wang et al., 2009). A set of suitable morphological traits were selected for phenotypic data collection, and the 
differences among the identified varieties were compared by database comparison or by paired and side-planted 
comparison. Since the goal of both identification systems is to identify varieties, it is inevitable to face the 
problem of how to combine the results of phenotype identification and DNA fingerprint identification. In the  
framework of International Union for The Protection of New Varieties of Plants (UPOV), put forward three 
possible ways of combination: one is to use morphological chain or molecular markers in the gene, that is function 
marker to predict the morphological characters, this way is difficult, only in some resistance character, male 
sterility character researches, but still can't be totally corresponded. Second is to build correlation between
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Figure 4 Strategies for core site selection of polyploid: combination marker method 

morphological characters difference and molecular marker character difference, this way is the focus of current 
research. It has been explored in the corn (Babic et al., 2016), barley (Jones et al., 2013), and other crops. The 
preliminary results show that there is a certain correlation between them, but there is a non-linear correlation. 
Based on the existing research results, an application model of combining morphological traits with molecular 
markers was established. Thirdly, DNA fingerprints are used as an independent identification system different 
from morphological traits to establish their own identification rules. This method has been adopted in human 
identification (Hill et al., 2009). Although there is no consensus on plant species identification, it has made a 
useful attempt to establish the molecular identification systems of SSR and SNP on maize, and it shows that there 
is a high correlation between the two systems (Rousselle et al., 2015). 

5 Future Prospects 
Development of sequencing technology, chip technology, gene editing technology, nucleic acid thermostatic 
amplification technology and other technologies (Thompson and Milos, 2011; Sander and Joung, 2014; Zhao et al., 
2016), will greatly promote the improvement of DNA fingerprint identification scheme and improve its 
application effect in practice: (1) Combining the third-generation sequencing technology and the more perfect 
InDel development algorithm (Lv et al., 2016), the mining of the insertion deletion sites of large fragments is 
faster and more efficient, and such sites are more likely to have better clustering effect, thus making the 
development of clustering markers in the core locus grouping method easier. With the improvement of 
second-generation sequencing technology, it is not only more accurate in marker typing (Churbanov et al., 2012; 
Li et al., 2017), and it is possible to achieve the target detected by SNP, SSR, InDel and other types of markers on 
a sequencing detection platform at the same time, so that the core locus grouping method is no longer limited to 
the detection platform in marker selection, but is possible to freely select various types of sequence variation 
regions. (2) With the development and improvement of high-density DNA chip technology, more loci can be 
detected with less cost, so that the number of extended loci can be distributed more evenly and densely on the 
whole gene, to eliminate the deviation caused by fewer loci, and to evaluate the genetic similarity of derived 
varieties more accurately. (3) With the development of gene editing techniques and mature, is expected to achieve 
the design of various molecular sequence tags fast into the varieties, and even the DNA sequence of a can be 
decoded as video (Shipman et al., 2017), like product label before delivery, as a specific tag of cultivars, bred 
variety rights protection in agriculture in the enterprise play an important role. (4) with the constant temperature 
amplification technology of nucleic acid, the target nucleic acid sequence amplification can be achieved at a 
constant temperature without temperature cycle, which simplifies the requirements of the instrument and makes it 
easier to achieve the “rapid and simple”  identification goal. 
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