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Comparison of Sunflower (Helianthus annuus 1..) Hybrides by using
Isozymes and Seed Storage Protein
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Esfahan Payamenoor University, Esfahan, Iran

Abstract: Maintenance of genetic uniformity of lines and hybrids is a prerequisite for successful production
and placement of commercial hybrid seed on the market. Genetic purity of seed as specific seed trait is of great
significance for seed science. Protein markers, seed storage proteins and isozymes which are commonly used
for the estimation of genetic purity, were used in this study to estimate genetic purity in sunflower hybrids.
Analysis of helianthinin revealed tree zymogram patterns within and between three sunflower hybrids. All of
the 6 enzymatic systems analyzed, MDH, PGM, PHI, PGD, IDH and ACP, were polymorphic. A comparative
analysis of genetic purity level of the sunflower hybrids was performed using electrophoretic methods. The
methods of electrophoretic separation of 1sozymes and seed storage proteins were i agreement, with
differences ranging from 1 to 5% in 81% of the samples. The level of polymorphism obtained by both methods
was not distinet enough to be used in genotype 1dentification.
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INTRODUCTION

Seed 1dentity and varietal purity testing are essential
components of a modern and effective agricultural
production system. Genetic purity of a seed sample
defines the percentage of the sample that is not
contaminated by seeds or genetic material belonging to
other varieties or species. A combination of laboratory
and field plot methods may be used to determine the
cultivar trueness and genetic purity of the sample.
Laboratory control 1s based on protein markers, isozymes,
seed storage proteins and molecular markers. The
development of isozyme and/or DNA databases is a
prerequisite to varietal identification and protection.
Isozyme marker loct have been available for use m quality
assurance, variety identification, plant breeding,
production and variety protection programs for more than
three decades. They are especially useful in solving
problems 1in seed science such as inadvertent mixing
of hybrid seeds or lines, uncontrolled pollination,
errors during multiplication, etc. (Geric et al, 1989,
Zlokolica et al., 1996). Electrophoresis of seeds storage
proteins (helianthinin) of sunflower shows promising
results in genetic purity determination of sunflower
hybrids and inbred lines (Amsimova and Gavrilyuk, 1989,
Aksyonov, 2005a, b). Molecular markers offer a powerful
supplement to the morphological and disease resistance
data currently used for variety protection, cultivar
classification schemes and estimation of the level of
genetic  diversity. Molecular markers have many

advantages (Lombard et af, 2000) compared with
morphological markers, resilient to environmental
changes, nearly unlimited number and relative ease and
rapidity of data collection. According to the Association
of Official Seed Certifying Agencies (AOSCA, 2003),
maximum limits for seed of other varieties or off-types
found in seed lots range from 0 to 0.2% among different
species, while the limits for certified seed range from
0.1-2% by weight. In practical terms, the maximum
number of seeds of other varieties of the same crop
permitted in 0.454 kg of certified seed 15 6 for sunflower.
Minimum genetic purity is 99.5% for female lines, 99.8%
for male lines and 95% for sunflower hybrids (OECD Seed
Scheme, 2006). According to the Official Gazette of SFRY
(No. 47, 1987), genetic purity can be tested for scientific
research purposes or for controversial cases. Hybrid seed
1s considered as satisfying if it contains no more than 5%
of self-pollinated individuals. The aim of the present
study was to compare two methods which are commonly
used for estimation of genetic purity in sunflower hybrids,
electrophoresis of 1sozymes and seed storage protem-
helianthinin and to estimate the applicability of a modified
method for preparation of storage proteins from sunflower
seed.

MATERITALS AND METHODS
Plant material: Three sunflower hybrids LottoR28,

R101, Lotto3620, were analyzed in thus study have been
generated in  National Tnstitute of Genetics and
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Biotechnology, NIGEB, Tran. Preparation of helianthinin
solution was modified from Samarah et al. (2006). Each
seed was finely ground and protein extracted from flour
by adding 1000 pL 50 mMm Tris-HC] buffer pH 7.4
containing 2.5% 2-mercaptoethanol and heated in
90°C for 10 min. After centrifugation at 3000 to 5000 rpm
for 15 min, the supernatant was used for electrophoresis.
Individual seeds were tested from each sample.
Polypeptides were resolved by electrophoresis of
proteing  under denaturing (SDS) and reducing
(2-mercaptoethanol) conditions in 12.5% PAGE using the
method of Laemmli (1970). Electrophoresis was performed
at an initial voltage of 50 mV, reduced to 25 V when the
tracking dye reached the gel mold; analysis time was
16 h The marker wide molecular weight range
(17.200-77.0 kD) was used for determination of protein
molecular weight in electrophoretograms. Proteins were
simultaneously fixed and stained using a solution
containing 0.24 g Coomassie Brilliant Blue R250 in 90 mL
of al:1 (V/V) methanol: water and 10 mL of glacial acetic
acid. Stem tissues of 5 day old seedlings homogenized in
50 mM TrisHCL, pH 6.8, in which 1% mercaptoetanol was
added, were used for 1s0zyme analysis. Isozyme systems
Phosphohexose Isomerase (PHI), Phosphogluconate
Dehydrogenase (PGD), Phosphoglucomutase (PGM),
Malate Dehydrogenase (MDH), Isocitrate Dehydrogenase
(IDH) and Acid Phosphatase (ACP) were analyzed
according to Stuber ef al. (1988).

RESULTS AND DISSCUSION

The main storage proteins in sunflower make up
about 85% of the total protein content. Helianthinin has
been reported to be present as a globular oligomeric
protein with a molecular weight of 300-350 kDa
(Sabir et al., 1973; Schwenke ef al., 1979). It belongs to the
cupin superfamily which is comprised of 115 and 78 seed
storage proteins. The members of the 118 family include
pea and broadbean legumins, rape cruciferin, rice
glutelins, cotton P-globulins, soybean glycinins,
sunflower helianthinin, etc. Comparison of the results
of Lakemond et al. (2000), Lakemond (2001) and
Gonzalez-Perez et al. (2004) clearly reveals many structural
similarities of the soy 113 fraction (glycimn) and
helianthinin. Starting from this fact, we used in our study
a modified method for extraction of storage proteins from
soybean (Samarah ef al., 2006) (Fig. 1).

This method efficiently extracted protems from
sunflower seeds  helianthinin  showed  subunit
heterogeneity, in addition to the presence of multiple
subunits within a single genotype, there were also
differences m the SDS-PAGE patterns of helianthinin
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Fig. 1: Electrophoretogram of seed storage protein of
hybrids, A: Ladder, B: Lotto3620, C: Lottol101 and

D: LottoR28

components between different cultivars (Raymond et al.,
1994, 1995). The number of polymorphic =zones
corresponds to the number of subunits composed of the
helianthimn molecule, controlled by Hell, Hel2 and Hel3.
The analysis of helianthinin revealed three zymogram
patterns within and between the hybrids (Fig. 1 and 2).
InFig. 1, there are two evident features: only the high
molecular weight proteins (lugher than 30 kDa) produced
high intensity bands while the low molecular weight
proteins were present in relatively low concentrations. All
6 analyzed enzymatic systems (MDH, PGM, PHI, PGD,
IDH, ACP) were polymorphic, with two-or three-allele
variants. The obtained differences in zymograms of the
enzymes are useful for estimation of the genetic purity of
sunflower hybrids. Similar results of polymorphism were
reported by Chikkadevaiah and Nandini (2003). The
comparative analysis of genetic purity level of the
hybrids showed that the methods of
electrophoresis of i1sozymes and seed storage proteins
were 1n agreement in most cases. Differences in genetic
purity level ranged from 1 to 5% in 81% of the samples.
However, in the case of sample 1, the isozyme and seed
storage proten analyses showed the values of 98 and
87%, respectively while in the case of sample 11, the

sunflower
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Fig. 2(a-c): Isozyme patterns of sunflower hybrids

(Helianthus annuus) (a) PHI, (b) PGM and
(¢c)PGD

Table 1: Comparative data of genetic purity level in sunflower hybrids
measured on the basis of isozyme and seed storage protein analysis

Genetic purity Genetic purity
Sarnple No. EIL ESSP Sarnple No. EI ESSP
1 98 87 1 a4 92
2 90 95 2 97 98
3 91 89 3 89 97
4 98 98 4 88 92
5 92 94 5 91 95
6 99 96 3] 96 96
7 98 95 7 97 92
8 93 89 8 95 98

ES8P: Electrophoresis of seed storage protein, EI: Electrophoresis of
isoenzymes

respective values were 89 and 97% (Table 1).The main
sources of error in the analytical methods used were
sampling and reduction of samples in the laboratory. Both
the sample size and sampling procedure dramatically
impact the conclusions that may be drawn from any of
these testing methods. Analytical results can also be
mfluenced by type of sample, seedling or seed. In the
1sozyme analysis, seedlings of germinated seed were
tested while m the analysis of seed storage proteins any
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form of seed sample was applicable. Reproducibility,
sensitivity and specificity of results was critical for
validation of the methods used.

In a study of sunflower genetic purity using field
trials  and electrophoresis of storage proteins
(helianthining), Aksyonov (2005a) concluded that albumin
markers allowed to define the genetic homogemty level of
hybrids at 80%. Our results showed that the level of
genetic purity of sunflower hybrids could be accepted as
satisfactory m most cases (OECD Seed Schemes, 2006).
Seed storage proteins and 1sozymes cannot be used for
genetic dentification of sunflower hybrids due to their
low polymorphism levels. Loss of genetic purity or
varietal changes can occwr due to various reasons:
Handling methods, storage facilities, natural crosses,
genetic mutations, random genetic drift and other
selection factors. Therefore, no commercial seed is one
hundred percent genetically or mechanically pure. The
results on the genetic purity of sunflower seed obtained
by Shabani ef af. (2013) showed that mcreased attention
should be paid to seed genetic purity and systematic
control of genetic uniformity of parent components, lines,
hybrids and varieties.

CONCLUSION

Seed certification programs and seed production
companies are required to achieve various levels of seed
purity for different species. The results of genetic purity
level of the sunflower hybrids produced by the two
widely used methods, seed storage proteins and 1so0zyme,
were in agreement in most cases. The differences ranged
from 1 to 5% n 81% of the samples. The obtained results
validate the two methods and could be useful for further
study. The methods for genetic purity testing that are
presently m use need to be standardized.

ACKNOWLEDGMENT

The authors acknowledged the support from National
Institute of Genetic Engineering and Biotechnology
(NIGEB), in Tran For providing the necessary research
facilities.

REFERENCES

AOSCA, 2003, Operational procedures, crop standards
and service programs. Association of Official Seed
certifying Agencies, Crop Improvement Association,
California.

Aksyonov, 1.V., 2005a. Protein markers specifity of
sunflower inbred lines. Helia, 28: 49-54.



Biotechnology 13 (3): 112-115, 2014

Aksyonov, T.V., 2005b. Use of albumin markers for
defining genetic purity of sunflower parent lines and
hybrids. Helia, 28: 43-48.

Amnisimova, LN, and LP. Gavrilyuk, 1989. Heterogemty and
polymorphism of the 115 globulin of sunflower seed.
Genetics, 25: 1248-1255.

Chikkadevaiah and R. Nandmi, 2003. Isozymes as
markers for differentiating sunflower genotypes.
Helia, 36: 51-58.

Geric, 1., M. Zlokolica and C. Geric, 1989. Application of
1soenzymes m control of genetic purity of seed of
agricultural plants. Agric. News, 3-4: 555-564.

Gonzalez-Perez, 3., TM. Vereijken, K.B. Merck,
G.A. van Koningsveld, H  Gruppen and
A.GJ Voragen, 2004. Conformational states of
sunflower (Helianthus annuus) Helianthimin: Effect
of heat and pH. T. Agric. Food Chem., 52: 6770-6778.

Laemmli, UK., 1970. Cleavage of structural protemns
during the assembly of the head of bacteriophage T4.
Nature, 227: 680-685.

Lakemond, CMM., 2001. Heat denaturation of soy
glycinin:  Structural characteristics in relation to
aggregation and gel formation. Ph.D. Thesis,
Wageningen University.

Lakemond, CMM., HH.J. de Jongh, M. Hessing,
H. Gruppen and A.G.J. Voragen, 2000. Soy glycinin:
influence of pH and ionic strength on solubility and
molecular structure at ambient temperatures. J. Agric.
Food. Chem., 48: 1985-1990.

Lombard, V., C. Baril, P. Dubreuil, F. Blouet and D. Zhang,
2000. Genetic relationships and fingerprinting of
rapeseed cultivars by AFLP: Consequences for
varietal registration. Crop Sci., 40: 1417-1425.

OECD Seed Schemes, 2006. OECD schemes for the
varietal certification or the control of seed moving
in mternational trade. HELIA, 31, No. 48, Paris,
pp: 47-54.

115

Raymond, J., B. Mimouni and J.1.. Azzaza, 1994, Variability
in the 775 globulin fraction of seed storage proteins
i Helianthus (Asteraceae). Plant Syst. Evol,
193: 69-79.

Raymond, J., .M. Robm and I L. Azzaza, 1995. 115 seed
storage  proteins  from  Helignthus  species
(Compositae): Biochemical, size and charge
heterogeneity. Plant Syst. Evol., 198: 195-208.

Sabir, MA., FW. Sosulski and S1.. MacKenzie, 1973.
Gel chromatography of sunflower
I. Agric. Food Chem., 21: 988-993.

Samarah, N.IH., R.E. Mullen, 3.R. Cianzio and P. Scott,

2006. Dehydrin-like proteins in soybean seeds in

proteins.

response to drought stress during seed filling.
Crop Sci., 46: 2141-2150.

Schwenke, KD., W. Paehtz K.J. Linow, B. Raab and
M. Schultz, 1979. On seed proteins. XI. Purification,
chemical composition and some physico-chemical
properties of the IIS globulin (Helianthinin) in
sunflower seed. Nahrung, 23: 241-254.

Shabani, F., L. Kumar and 3. Taylor, 2013. Suitable
regions for date palm cultivation in Iran are
predicted to increase substantially under future

climate change scemarios. J  Agric.  Sci,
10.1017/30021859613000816
Stuber, CW., IF. Wendel, MM Goodman and

1.8.3. Smuth, 1988. Technique and Scoring Procedures
for Starch Gel Electrophoresis of Enzymes from
Maize (Zea mays L.). North Carolina Agricultural
Research Service, North Carolina State University,
North Carolmna.

Zlokolica, M., 7. Nikolic, 8. Tukav, M. Milosevic,
M. Graovac and D. Skoric, 1996. Isozymic variability
of self pollinated sunflower (Helianthus annuus L.)
lines. Helia, 19: 113-120.



	biotech.pdf
	Page 1


