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INTRODUCTIONINTRODUCTION  

 India is 2India is 2ndnd largest user of hybrid rice seeds after china. largest user of hybrid rice seeds after china.

 India is the 5th largest seed market in the world .India is the 5th largest seed market in the world .

 Indian seed market is worth Rs 4,050 crores .Indian seed market is worth Rs 4,050 crores .

 The country's seed industry is expected to grow by 53 per cent The country's seed industry is expected to grow by 53 per cent 

to Rs 10,700 crore by 2025 on increased demand for high-to Rs 10,700 crore by 2025 on increased demand for high-

yielding varieties to ensure food security.yielding varieties to ensure food security.

   Private and public sector seed industry 60:40Private and public sector seed industry 60:40
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What is genetic  purity  What is genetic  purity  

Genetic purity (true to type or genuine): A count is Genetic purity (true to type or genuine): A count is 
made of the number of seeds, seedlings or plants that made of the number of seeds, seedlings or plants that 
are true to this type.are true to this type.

Markers: It can be a character, any isozymes Markers: It can be a character, any isozymes 
(protein), nucleotide primer or any thing which would (protein), nucleotide primer or any thing which would 
be able to differentiate cultivars.be able to differentiate cultivars.

Polymorphism: It is the difference spotted out by Polymorphism: It is the difference spotted out by 
markers among cultivars. markers among cultivars. 
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Need for genetic purity testing Need for genetic purity testing 

To increase crop production at national level. To increase crop production at national level. 

To increase farmers income and standard of living.To increase farmers income and standard of living.

To make IPR (plant breeders right and plant variety To make IPR (plant breeders right and plant variety 
protection) part strong.protection) part strong.

For distinctiveness, uniformity and stability (DUS) For distinctiveness, uniformity and stability (DUS) 
test.test.

Quality control of grains for processing.Quality control of grains for processing.

Documentation of genetic resourcesDocumentation of genetic resources..  
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DUSDUS

 D: Distinctness D: Distinctness – The variety should be clearly – The variety should be clearly 

distinguishable from any other existing variety at least for distinguishable from any other existing variety at least for 

one character .one character .

 U: Uniformity U: Uniformity – The variety should be sufficiently – The variety should be sufficiently 

uniform to enable its description.uniform to enable its description.

 S: Stability S: Stability - The variety should be stable in its relevant - The variety should be stable in its relevant 

characteristics, that is, it must remain true to its initial characteristics, that is, it must remain true to its initial 

description even after repeated propagation.description even after repeated propagation.
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Causes of deterioration of genetic purityCauses of deterioration of genetic purity

Mechanical mixture Mechanical mixture 

Premature or unofficial release of variety Premature or unofficial release of variety 

Improper certificationImproper certification

Genetic variation Genetic variation 

Unstable seed parent Unstable seed parent 
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Morphological Morphological 
MethodsMethods
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Different Morphological Methods

1.1. Seed morphology Seed morphology 

2.2. Examination of seedlings Examination of seedlings 

3.3. Examination in green houses Examination in green houses 

4.4. Grow out test Grow out test 
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  Seed morphology testingSeed morphology testing
 Characters like size and shape of grain, base of Characters like size and shape of grain, base of 

lemma, vertical crease hairs, rachilla hairs, deviation lemma, vertical crease hairs, rachilla hairs, deviation 
of lateral dorsal nerves wrinkling of lemma and palea of lateral dorsal nerves wrinkling of lemma and palea 
etc.etc.

 Morphological characters are examined with the aid Morphological characters are examined with the aid 
of suitable magnification.of suitable magnification.

 The colour characteristics examined under full day The colour characteristics examined under full day 
light or light of limited spectrum e.g. ultraviolet light. light or light of limited spectrum e.g. ultraviolet light. 

 Scanning electron microscope for studying Scanning electron microscope for studying 
differences in seed coat surface and its inner structure differences in seed coat surface and its inner structure 
have also been used in some species. have also been used in some species. 
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  Grow out test (GOT)Grow out test (GOT)

Characters Characters 
Highly heritabilityHighly heritability
Stable expression over a range of environments.Stable expression over a range of environments.
Easily discerned  by visual observation.Easily discerned  by visual observation.

Sufficient spacing between rows and plants. Sufficient spacing between rows and plants. 
Various samples of the same cultivar sown in Various samples of the same cultivar sown in 
succession and standard samples are sown at suitable succession and standard samples are sown at suitable 
intervalinterval
Deviation from control sample counted Deviation from control sample counted 
Mutual comparison between the samples to be tested Mutual comparison between the samples to be tested 
and the standard.and the standard.
Observations at full growing period. Observations at full growing period. 
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  Mechanical vision  Mechanical vision  

 Acquisition of data using a video or similar system Acquisition of data using a video or similar system 

 Subsequently analyzing these data with the help of Subsequently analyzing these data with the help of 

computer.computer.

 Image analysis: Extraction of numerical data from an Image analysis: Extraction of numerical data from an 

acquired image.acquired image.

 Shape descriptors used, because they are largely Shape descriptors used, because they are largely 

independent of size of the seed and so minimize the independent of size of the seed and so minimize the 

effect of environment and other factor. effect of environment and other factor. 
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Limitations of morphological methodsLimitations of morphological methods

Environmental stress conditions often mask specific Environmental stress conditions often mask specific 
morphological traits. morphological traits. 
Large amount of land required. Large amount of land required. 
LaboriousLaborious
Time consuming Time consuming 
Unfavourable condition, i.e. disease and insect Unfavourable condition, i.e. disease and insect 
infestation may limit GOT in fieldinfestation may limit GOT in field
Morphological markers are becoming limited in Morphological markers are becoming limited in 
relation to rapid increase in number of varieties, relation to rapid increase in number of varieties, 
hybrids and transgenics.hybrids and transgenics.
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Chemical TestsChemical Tests
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1. Phenol test

2. Modified phenol test

3. Potassium hydroxide –  

4.   Ferrous sulphate test

5.  NaOH  test 

Chemical testsChemical tests



(Vijaylakshmi and Vijay, 2009)

Table 1: Response of different rice varieties for different chemical test
VARIETY Phenol test  Modified Phenol test FeSO4 test KOH test NaOH Test

  Very 
strong

strong moderate no 
colour

Very 
strong

Strong moderat
e 

no 
colour

DGSt BSt BSp DWR No 
colour

DY LY NO 
colou

r

Chaitanya       (-)       (-)     BSp   (-)     (-)
Maruteru       (-)       (-)   BSt     (-)     (-)
Vijetha     ++         (-)   BSt     (-)   LY  
Tholakari     ++       ++       BSp   (-)   LY  
vajaram       (-)       (-)   BSt     (-)   LY  
Swarna     ++   ++++       DGSt       (-)   LY  
Deepthi       (-)       (-)     BSp   (-)   LY  
Krishan veni   +++     ++++       DGSt       (-) DY    
MTU 1004     ++     +++       BSt     (-)   LY  
Anjali     ++       ++       BSp   (-)     (-)
vikas   +++     ++++       DGSt       (-)   LY  
rajendra     ++       ++     BSt     (-) DY    
ASD-7   +++     ++++           BSp +   DY    
PR-113     ++ (-) ++++         BSt     (-)     (-)
QPE-2     ++     +++     DGSt       (-)   LY  
Rathuheenathi       (-)   +++     DGSt     +     LY  
mudgo     ++       ++     BSt   +   DY    
Tadukan   +++       +++       BSt     (-)   LY  
Varalu ++++       ++++       DGSt       (-) DY    
CO-31     ++       ++       BSp   (-) DY    
Pooja     ++     +++         BSp   (-)     (-)
Chenegi ++++       ++++           BSp +     LY  
Supreme   +++     ++++       DGSt       (-)     (-)
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Advantages and  of chemical testsAdvantages and  of chemical tests

 They are quick. They are quick. 
 They require virtually no technical expertise or They require virtually no technical expertise or 

training.training.
 Relatively inexpensive to conduct.Relatively inexpensive to conduct.
 No sophisticated equipments are required.No sophisticated equipments are required.
 The test permits detection of percentage admixture of The test permits detection of percentage admixture of 

other type.other type.
 Its results are usually distinct and easily interpretable. Its results are usually distinct and easily interpretable. 

    



Biochemical Biochemical 
methodsmethods

1818



19

Biochemical methodsBiochemical methods

 Electrophoresis 

 Polyacryamide gel electrophoresis (PAGE)

 SDS-PAGE

 Isoelectric focusing (IEF)

 Ultra thin layer isoelectric focusing (UTLIEF)
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General methodology for electrophoresis General methodology for electrophoresis 
based bio-chemical  methodbased bio-chemical  method

 Selection of plant material.Selection of plant material.
 Isolation of protein or isozymes.Isolation of protein or isozymes.
 Electrophoresis.Electrophoresis.
 Staining of gel with different staining agents.Staining of gel with different staining agents.

 Soluble protein 0.1% amidoschwarz in 7% acetic 
acid 

 Esterase fast blue RR salt-alpha-naphthyl 
acetate 

 Catalase 0.1% potassium ferrycyanide in 
presence of 0.03% H2O2 
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Fig.- Fig.- 22Morphology of seeds and UTLIEF (pH 5-8) profile of proteins from 
individual developing F1 seeds of early rice (summer rice) of 

combination Peal 64/19-1 at different days after pollination.

Yan et al., 2006China

UTLIEF: Ultrathin layer isoelectric focusing 

MMB: Male marker band 
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Combination Combination First appearance First appearance 

(DAP)(DAP)
Present in all seeds Present in all seeds 

(DAP)(DAP)

Early-riceEarly-rice

(Summer )(Summer )

Peiai 64/I9-1Peiai 64/I9-1

Peiai 64/G67Peiai 64/G67

Peiai 64/PeifuPeiai 64/Peifu

Peiai 64/MinkezhanPeiai 64/Minkezhan

Peiai 64/EP431Peiai 64/EP431

77

77

77

77

77

1111

1111

1111

1111

1111

Late-riceLate-rice

(Winter)(Winter)

Peiai 64/I9-1Peiai 64/I9-1

Peiai 64/G67Peiai 64/G67

Peiai 64/PeifuPeiai 64/Peifu

Peiai 64/MinkezhanPeiai 64/Minkezhan

Peiai 64/EP431Peiai 64/EP431

99

99

1111

1313

1515

1313

1313

1515

2020

2020

Table-3: The developmental stage at which MMBs first appears in F1 seeds and 
presented in all F1seeds of five line hybrid rice combination

China Yan et al., 2006
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Polyacrylamide Polyacrylamide SDSSDS IEFIEF

Advantages Advantages 

Technical system Technical system 
well defined well defined 
Excellent band Excellent band 
resolution resolution 

Technical system Technical system 
well definedwell defined
Inexpensive Inexpensive 
Gels can be sliced Gels can be sliced 

Technical system well Technical system well 
defineddefined
Uses charge rather Uses charge rather 
than charge/density than charge/density 
and size of proteinsand size of proteins
Gels can be blotted Gels can be blotted 
Short running time Short running time 

DisadvantageDisadvantage
s s 

Expensive Expensive 
Can not slice gel Can not slice gel 
Potentially toxic Potentially toxic 

Standardization of Standardization of 
gelsgels
Long running Long running 
time(5-6h)time(5-6h)
Poor band Poor band 
resolution resolution 

Expensive Expensive 
Can not slice gelCan not slice gel

            McDonald, 1991

Table-4: Comparative advantages and disadvantages of Polyacrylamide, SDS and IEF

IEF-Isoelectric Focusing
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Advantages and limitations of Biochemical Advantages and limitations of Biochemical 
methodsmethods

They are not affected by the field or greenhouse environment. They are not affected by the field or greenhouse environment. 
They are cost effective compared to other methods and the They are cost effective compared to other methods and the 
turnaround time is relatively rapid. turnaround time is relatively rapid. 
Multilocus analysis provide useful information for verifying Multilocus analysis provide useful information for verifying 
inbred and hybrid genotypes.inbred and hybrid genotypes.
Most are co-dominant and many loci express at all stages of life Most are co-dominant and many loci express at all stages of life 
cycle. cycle. 
An array of enzymatic analysis can be made using small An array of enzymatic analysis can be made using small 
quantities of leaf and seed material.quantities of leaf and seed material.
There are limited number of marker isozymes as compared to There are limited number of marker isozymes as compared to 
molecular markers.molecular markers.



Molecular markers Molecular markers 
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 RAPD (Random Amplification of Polymorphic DNA) RAPD (Random Amplification of Polymorphic DNA) 
 SCAR (Sequence Characterized Amplified Region)SCAR (Sequence Characterized Amplified Region)
 SSR (Simple Sequence Repeats)SSR (Simple Sequence Repeats)
 STS (Sequence Tagged Site)STS (Sequence Tagged Site)

  Different molecular markersDifferent molecular markers
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General  methodology for General  methodology for 
molecular markers molecular markers 

DNA extraction DNA extraction 
PCR amplification using nucleotide primerPCR amplification using nucleotide primer

Initial Denaturation Initial Denaturation 
Repeated Cycles Repeated Cycles 

Denaturation Denaturation 
Annealing Annealing 
Extention Extention 

Final Extention Final Extention 
Electrophoretic run and identification of PCR Electrophoretic run and identification of PCR 
amplified product.amplified product.
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a) Microsatellite and STS marker  
   polymorphism between parent 
line and hybrid.

b) Single seedling assay for detecting 
hybrid seed purity. Polymorphism 
between CMS, hybrid and restorer line 
of rice at RM164 microsatellite locus.

Fig. 5: Amplification pattern of molecular markers in rice
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Table. 5: Frequency of heterozygosity at microsatellite and Table. 5: Frequency of heterozygosity at microsatellite and 
     STS loci in rice hybrid     STS loci in rice hybrid

Rice varieties Rice varieties Frequency of heterozygosityFrequency of heterozygosity

P1P1

Male Male 
P2P2

Female Female 
Hybrid Hybrid Microsatellite Microsatellite 

markersmarkers
STS markers STS markers 

IR26829AIR26829A

IR58025AIR58025A

IR58025AIR58025A

IR58025AIR58025A

IR62829AIR62829A

IR58025AIR58025A

MTU9992MTU9992

IR40705IR40705

C2ORC2OR

KMR3KMR3

AjayaAjaya

BR827-35BR827-35

APRH2APRH2

DRRH1DRRH1

CORH2CORH2

KRH2KRH2

CNRH3CNRH3

SahyadriSahyadri

2/132/13

3/133/13

3/133/13

2/132/13

5/135/13

1/131/13

0/50/5

1/51/5

0/50/5

2/52/5

1/51/5

3/53/5

STS: Sequence tag site 

P1: Cytoplasmic male sterile line 

P2: Restorer line

Hyderabad Yashitola et al., 2002



30New Delhi          Garg et al., 2006 

Fig.-6: Amplification pattern of Rf gene linked STMS marker a) RM258 
and non Rf linked STMS marker b) RM206 and c) RM263 in Rice

Rf: Fertility restorer gene A: Male sterile line Pusa 6A R: Restorer line PRR78
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Advantages and limitations of molecular Advantages and limitations of molecular 
techniques techniques 

 It has very large number of polymorphism It has very large number of polymorphism 
development as compared to the bio-chemical development as compared to the bio-chemical 
markers.markers.

 Residual heterozygosity can be detected.Residual heterozygosity can be detected.
 It is reliable to all crops.It is reliable to all crops.
 Very fast method.Very fast method.
 Sophisticated instruments required.Sophisticated instruments required.
 Very costly.Very costly.
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ConclusionConclusion  
Combination of different methods make them accurate. Combination of different methods make them accurate. 

Chemical test creates very less polymorphism and are crop specific.Chemical test creates very less polymorphism and are crop specific.

Hybrid purity testing is possible before the sowing of crop.Hybrid purity testing is possible before the sowing of crop.

Application of isozymes is limited due to  their less number increase Application of isozymes is limited due to  their less number increase 
number of varieties and crop specific nature.number of varieties and crop specific nature.

Molecular markers which create only single band for identification Molecular markers which create only single band for identification 
don’t need electrophoresis to be done.don’t need electrophoresis to be done.

SCAR method is superior to RAPD marker because of simplicity in SCAR method is superior to RAPD marker because of simplicity in 
analysis of  band also.analysis of  band also.

Pellet painting can be a simple and easy method for testing the PCR Pellet painting can be a simple and easy method for testing the PCR 
amplified product in case of SCAR marker.amplified product in case of SCAR marker.

Fertility restorer gene linked STMS marker are more reliable in purity Fertility restorer gene linked STMS marker are more reliable in purity 
testing as compared to non linked one in hybrid.testing as compared to non linked one in hybrid.
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Future thrust Future thrust 

 Development and standardisation of existing Development and standardisation of existing 
technologies to make it an integral part in seed testing technologies to make it an integral part in seed testing 
and IPR.and IPR.

 Development of low cost purity testing methods.Development of low cost purity testing methods.
 Identification of maximum number of microsatellite Identification of maximum number of microsatellite 

loci in plants to help in developing maximum number loci in plants to help in developing maximum number 
of  polymorphism.of  polymorphism.

 It should be commercially applicable and economically It should be commercially applicable and economically 
viable.viable.
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THANK YOU


