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Identification and Certification of Lupine Cultivars Using Molecular Markers
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Abstract: An ISSR-PCR method for identification and certification of lupine cultivars of different species is
developed. Genetic passports are composed for the following plants: 57 cultivars of lupine, breeding forms,
hybrid and wild forms of blue (narrow-leaved) lupine, 6 cultivars of white lupine and 8 cultivars of yellow lupine.
Dendrogram of their genetic similarity is constructed. Minimum set for an unambiguous identification of the
blue lupine cultivars consists of four primers. Open dichotomous key is proposed to identify the lupine
cultivars, allowing one to add new breeds and primers.

Key words:Lupine  Molecular markers  ISSR-PCR  RAPD-PCR  Certification  Genetic similarity
dendrograms  Dichotomous key to identify cultivars

INTRODUCTION Most of the molecular marking methods include the

Lupine is an important leguminous cultivar, used as types of ISSR-PCR and RAPD-PCR primers. One of the
both a fodder and green manure. Lupine seeds have a most convenient and popular methods to identify and
high content of quality storage proteins [1]. Lupine is study of intraspecific genetic polymorphism is the ISSR-
called "northern soy", though unlike soy, lupine is PCR method [13]. In some cases this method is even more
unpretentious to soil fertility, does not require a high informative than AFLP method [14]. Thus it is
effective heat sum and is well adapted to growing in successfully applied for genotyping, marking and
central Russia. In our country, as well as in neighboring phylogenetic studies of plants [15, 16], including the
European countries, mainly three cultivated species of study of polymorphism within the genus Lupinus [17].
lupine, namely, blue, white and yellow lupines (Lupinus The aim of the current work was to study intervarietal
angustifolius L., L. albus L., L. luteus L.) are being polymorphism, development of a method for identification
selected [2, 3]. and certification of lupine cultivars of Russian and

In recent decades, in addition to traditional methods, Belarusian selections, based on ISSR-PCR method.
various molecular-genetic approaches in plant breeding
are playing increasing role. Molecular plant breeding is Method: The DNA was isolated from individual seed, flour
considered as the foundation for 21  century crop batches of 50-200 mg or seedlings tissue in amount of 200-st

improvement [4, 5]; DNA-markers of economically 400 mg by rubbing the samples in a mortar with addition
valuable attributes are used for targeted plant breeding, in of 200 mcl of 4% sodium dodecyl sulfate (SDS) and 800
particular, when creating disease-resistant cultivars [6, 7]. mcl of phenol- chloroform mixture according to the
Molecular-genetic methods are used to study interspecific procedure, used previously [18].
and intraspecific (intervarietal) polymorphism, as well as We selected 22 ISSR-primers with the length of about
identification and certification of different crop species [8, 20 nucleotides, dinucleotide repeats and anchor on the 3'
9]. A leading role in the development and employment of end, as well as 14 RAPD-primers that have been
molecular techniques in lupine selection belongs to successfully used for other cultivars. Primers were
Australian scientists [10-12]. synthesized by "Synthol" company (Russia).

stages of polymerase chain reaction (PCR) with different
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Polymerase chain reaction was performed by make conclusion, whether or not the seeds are of non-
standard procedures using reagents and enzymes mixed cultivar, based on analysis of a small amount of
produced by "SibEnzyme" (Russia). The amplification seeds, or even a sample of mixed seeds flour; and in case
conditions were as follows: initial denaturation for 5 min of pure variety makes it possible to provide its further
at 94°C, 35 cycles; denaturation at 94°C over 45 s, identification.
annealing of primers over 45 s at the temperature, optimal Checking RAPD-primers showed that they were much
for each primer; elongation at 72°C over 90 s; and final less effective for detecting polymorphism in the lupine
elongation at 72°C during 7 min. PCR products were cultivars compared to ISSR-primers. Typically at least 16
separated by electrophoresis in 2% agarose gel in the fragments were amplified, of which 1 or 2 fragments could
presence of ethidium bromide and analyzed by the gel- exhibit polymorphism. An overall level of polymorphism
documentation GelDocXR system (Bio-Rad, USA). was 16.9% for blue lupine, 7.3% and 10.6% for yellow and

Construction of dendrograms and determination of white lupines, respectively [18].
genetic distances were carried out according to the This is consistent with data of other researchers who
WPGMA method. have demonstrated a higher informativeness of ISSR-

Main Part: During the course of the current work, the species with predominant self-pollination, such as for
following samples were used: 39 cultivars of blue lupine example, peanut [19]. Therefore, only ISSR-primers were
of Russian, Polish, Belarusian and Australian selections; used in further work.
6 selected forms; 5 wild forms from Spain; 7 samples of Some of them either did not give bands after the PCR,
"biological gene bank" of blue lupine from Belorussia [2]; or gave just a small number of monomeric amplicons; and
6 cultivars of white lupine; and 8 cultivars of yellow thus they were excluded from the work. Data presented in
lupine. Table 1 show that remaining 13 primers gave essentially

Lupine crop species, cultivated in Russia, i.e. blue, different results: among the total number of bands from 14
white and yellow lupine cultivars show a strong tendency to 29, the number of polymorphic fragments varied from 0
to self-pollinate. Therefore the selection of cultivars was to 17 or from 0 to 58.6%. In general, 66 (32.7%) fragments
conducted to exclude the diversity in terms of the out of 202 showed polymorphism. 
morpho-physiological characters, so that cultivars were The data obtained served the basis for a genetic
considered to some extent as pure lines. Genetic similarity dendrogram of blue lupine cultivars (Fig. 1).
uniformity of the material greatly facilitates its In general, the dendrogram is consistent with the
identification and makes the proposed method very cultivars, originated from different plant breeding centers
suitable for lupine cultivars. Pre-conducted analysis of and includes four clusters. Thus, the cultivars of
individual seeds in random samples of certified seeds Belarusian (cluster 1) and Russian (cluster 2) selections,
showed a lack of polymorphism in all cultivars provided as well as 5 of 10 Polish cultivars (cluster 3) were grouped
varietal  purity  and  lack  of  diversity.  This allows one to into a single cluster.

markers compared to RAPD-markers for other legume

Table 1: Spectral characteristic of ISSR-amplicons obtained for blue lupine with different primers

Primer Sequence Number of amplicons Number of polymorphic amplicons % of polymorphic amplicons

IS1 (AG) YG 19 1 5.38

IS2 B (AC) G 16 7 43.78

IS3 C (GA) C 22 13 598

IS4 (CA) A 20 4 208

IS5 (CA) RC 18 2 11.18

IS6 F (AG) YT 29 5 17.28

UBC809 (AG) G 19 5 26.38

UBC810 I (GA) T 29 17 58.68

UBC824 (TC) G 15 7 46.68

UBC826 (AC) C 14 0 08

UBC840 (GA) YT 25 0 08

K10 (AC) YG 15 5 33.38

K11 (GA) YC 26 0 08
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Fig. 1: Genetic similarity dendrogram of blue lupine cultivars.

As expected, the wild forms from Spain (SW) Genetic formulas for all samples of blue lupine were
clustered separately (cluster 4), showing a maximum composed based on ISSR-analysis and included
genetic distance from other groups. information on the availability of polymorphic bands. To

Seven forms of "biological gene bank" of blue lupine identify all cultivars and forms, it was enough to use
from Belorussia (BGB) were evenly distributed on the tree. polymorphism of amplicons of only 4 primers that are
They were created on different genetic basis, so that the identified in Table 1 by letters B, C, I and F. 
14 components of BGB combine identified basic Then the cultivar formulas can be written in more
agronomic character [2]. simple form, taking into account  just  polymorphic bands
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Fig. 2: Dichotomous key for identification of blue lupine cultivar.

for these primers, such as, for example, for “Raduzhniy” The advantage of proposed identification method is
cultivar: B B B B B B B C C C that there is no need to check the obtained electrophoretic1 1 0 1 0 1 1 1 0 1

970 860 640 450 370 210 180 780 690 670

C C C C C C C C C C F F profiles for all polymorphic fragments of all cultivars, for1 1 1 1 0 0 1 1 1 1 0 0
590 560 520 490 450 330 320 290 240 210 900 880

F F F F F I I I I I I I I which the formulas are created. As a rule, identification of1 0 1 0 1 1 1 0 1 1 1 1 1
860 750 640 630 550 930 790 730 650 520 480 470 420

I I I I I I I I I , where the letter a cultivar requires not all polymorphic fragments. It is0 1 1 1 1 0 0 1 0
390 380 370 360 330 310 300 290 280

indicates the primer, the superscript (1 or 0) indicates the enough to determine the existence or presence of the
presence or absence of a fragment with a length indicated required band on the electrophoregram and then move on
by the subscript. to the next step.

For simplicity and convenience of identification of The presence or lack of a particular character, i.e.
cultivars by means of molecular markers, we have polymorphic fragment, is determined at each level. Levels
developed a dichotomous key (Fig. 2). To construct the are indicated by respective numbers. Numbering has an
key, it is sufficient to use only 13 polymorphic fragments important advantage: the key can be easily updated with
of 3 primers (C, I and F), if excluded wild forms. new cultivars or primers. To do that, when adding a new
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cultivar, it is necessary just to increase the level of list in REFERENCES
particular location. Moreover, the key eliminates the need
to compare the formula of the tested sample with all other
formulas, composed for cultivars. 

Similar work was performed for the yellow and white
lupine, though yet based on a small number of samples.
Interestingly, the primers, giving many polymorphic
bands for particular species, may be substantially
monomorphic for the other species and vice versa [18].

Final Part: The results obtained are consistent with the
idea that microsatellite repeats in plants are scattered
throughout the entire genome, at that, both the
microsatellites themselves and the replications, separating
them, are of high variability. Therefore, the methods based
on the detection of polymorphism of inter-microsatellite
sequences, in some cases may compete with ALFP and
RAPD methods when detecting intraspecific, intervarietal
and interpopulation polymorphism of plants. For the
lupine species studied, the use of ISSR-PCR appeared to
be significantly more effective than application of RAPD-
primers. In addition, the approach used provides
significantly better reproducibility compared to RAPD-
PCR and is much easier and faster than ALFP. Thus, we
have developed lupine cultivars identification and
certification method that can be proposed for the practical
application in both the varietal state registration and
monitoring of varietal compliance and purity of seed
grains.

CONCLUSION

A high intervarietal polymorphism of inter-
microsatellite sequences was found out in three cultivated
lupine species. The genetic similarity dendrogram,
constructed on the basis of revealed polymorphism, in
general corresponds to the data on the origin of cultivars,
indicating a full characterization of the genome by used
ISSR- marker fragments.

The proposed identification and certification method,
based on use of dichotomous key, allows one to identify
effectively the varietal compliance and varietal purity of
blue lupine by means of the ISSR-PCR, using just three
selected primers.
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