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SummarySummary

�� Genetic variation in riceGenetic variation in rice

�� Why do we need to authenticate Basmati Why do we need to authenticate Basmati 
rice?rice?

�� Development and validation of Standard Development and validation of Standard 
operating proceduresoperating procedures

�� Current situationCurrent situation



Genetic variation in riceGenetic variation in rice



EcogeographicEcogeographic differentiationdifferentiation

�� Within Within OryzaOryza sativasativa there are two broad subthere are two broad sub--
species: species: 
�� IndicaIndica –– adapted to tropics adapted to tropics 

�� Japonica Japonica –– adapted to temperate and tropical adapted to temperate and tropical 
uplandsuplands

�� ‘‘TraditionalTraditional’’ BasmatisBasmatis are morphologically are morphologically 
most similar to most similar to IndicasIndicas

�� Markers show that they are genetically Markers show that they are genetically 
distinct from either groupdistinct from either group



Isozymes B. Courtios, CIRAD, Montpellier

1 = indica

2 = aus & boro

3 = aman

4 = rayada

5 = basmati &  sadri

6 = japonica

7 = intermediates



Rice genomic variationRice genomic variation

�� The complete rice genome is 388.82 The complete rice genome is 388.82 MbpMbp

�� 37,544 protein coding sequences37,544 protein coding sequences

�� 35% is repetitive (transposable elements) 35% is repetitive (transposable elements) 
1,703,176 SNPs1,703,176 SNPs

�� 479,406 479,406 InDelsInDels: 1 every 953 : 1 every 953 bpbp..

�� 48,351 Simple Sequence Repeats: 48,351 Simple Sequence Repeats: 

1 every 8000 1 every 8000 bpbp
�� ((di- ≥8 repeat units, tri- ≥5, tetra- ≥4)



Microsatellites Microsatellites 

Simple Sequence RepeatsSimple Sequence Repeats

�� Microsatellite markers are repeat sequences in Microsatellite markers are repeat sequences in 
nonnon--coding DNA, coding DNA, didi--, tri or tetra, tri or tetra-- bpbp repeatsrepeats
e.g. e.g. 

ATATATATATATATATATATATATATATATATATATATATATATATAT

ATATATATATATATATATATATATATATATATATATATAT

�� Different varieties have different numbers of Different varieties have different numbers of 
repeatsrepeats

�� Can distinguish them with PCR and gel analysis.Can distinguish them with PCR and gel analysis.



SSRs B. Courtios, CIRAD, Montpellier

1 = indica

2 = aus & boro

3 = aman

4 = rayada

5 = basmati &  sadri

6 = japonica

7 = intermediates



1 = indica

2 = aus & boro

3 = aman

4 = rayada

5 = basmati &  sadri

6 = japonica

7 = intermediates

DArT B. Courtios, CIRAD, Montpellier



Why do we need to authenticate Why do we need to authenticate 

Basmati rice?Basmati rice?



Basmati Growing AreaBasmati Growing Area

north and north western part of Indian subnorth and north western part of Indian sub--continentcontinent

BASM
ATI

Indo-Gangetic plains 

N. Punjab 

Haryana 

Jammu

Uttaranchal

Himachal Pradesh

Rajasthan

Uttar Pradesh



�� Aroma and grain elongation on cooking.Aroma and grain elongation on cooking.

�� ‘‘TraditionalTraditional’’ BasmatisBasmatis are tall and low are tall and low 
yielding compared to other varieties.yielding compared to other varieties.

�� Pusa Basmati 1 is a higher yielding semiPusa Basmati 1 is a higher yielding semi--
dwarf (from Basmati 370 crossed to IR8).dwarf (from Basmati 370 crossed to IR8).

A definition?A definition?



Basmati rice in the UKBasmati rice in the UK

�� The UK market for Basmati rice is increasing The UK market for Basmati rice is increasing 
�� 120,000 120,000 –– 160,000 tonnes imported annually to UK160,000 tonnes imported annually to UK

�� 269,000 269,000 –– 360,000 tonnes imported annually to EU360,000 tonnes imported annually to EU

�� Code of Practice for Rice only allows the term Code of Practice for Rice only allows the term ‘‘Basmati Basmati 
ricerice’’ to be applied to certain long grain aromatic rice to be applied to certain long grain aromatic rice 
varieties grown in India and Pakistan (Rice Association, varieties grown in India and Pakistan (Rice Association, 
2005) 2005) 

�� The Code of Practice states that the maximum adulterant The Code of Practice states that the maximum adulterant 
levels in basmati rice varieties can not exceed 7%. levels in basmati rice varieties can not exceed 7%. 



List of Approved List of Approved BasmatisBasmatis
Basmati rice varieties eligible for a zero import duty under Regulation
(EC) 1549/2004
Basmati 217 (I) [not grown]
Ranbir basmati (IET 11348) (I)
Basmati 370 (I, P) 
Super basmati (P)
Basmati 386 (I) 
Taraori basmati (HBC-19,
Karnal Local) (I)
Kernel basmati (Basmati Pakistan) (P) 
Type –3 (Dehradun) (I)
Pusa basmati (IET 10364) (I) [semi-dwarf]
Other Basmati rice varieties approved by India and Pakistan
Basmati 198 (P) Kasturi (IET 8580) (I)
Basmati 385 (P) Mahi Suganda (I)
Haryana Basmati
(HKR 228/IET 10367) (I)
Punjab Basmati (Bauni Basmati) (I) I - Originally approved by India

P - Originally approved by Pakistan



NonNon--fragrant nonfragrant non--approved varietiesapproved varieties

�� Sherbati (India)Sherbati (India)

�� Pak 386 (Pakistan)Pak 386 (Pakistan)



Fragrant nonFragrant non--approved varietiesapproved varieties

Semi-dwarfIndia (IARI)Pusa 1121 
(Pusa sugandha 4)

Supra

Semi dwarf 

Salt tolerant

IndiaYamini 

(CSR 30)

India (IARI)Pusa Sugandha 
(1, 2 & 3)

Superfine

IndiaMugad Sugandha

Salt tolerantPakistanShaheen Basmati

IndiaBasmati 2000



2003 survey2003 survey
�� 382 UK commercial samples were tested 382 UK commercial samples were tested 

�� 46 % were adulterated (detected with RM201)46 % were adulterated (detected with RM201)

Pure 
Basmati

>60% Adulterant

>20% 
Adulterant

Some 
adulterant



Development and validation of Development and validation of 

SOPsSOPs



Development of SOPs Development of SOPs 

2003 2003 -- 20072007

�� Variety testing with SSRs Variety testing with SSRs –– analysis on analysis on 
sequencer using panel of markerssequencer using panel of markers

�� Quantitative analysis with SSR Quantitative analysis with SSR –– with with 
analysis of RM201 on sequenceranalysis of RM201 on sequencer

�� Variety testing with Variety testing with InDelsInDels –– analysis on analysis on 
Agilent BioAnalyser using panel of markersAgilent BioAnalyser using panel of markers

�� Quantitative analysis (RM201 & Quantitative analysis (RM201 & InDelInDel) on ) on 
Agilent BioAnalyserAgilent BioAnalyser



Visualising DNA fragmentsVisualising DNA fragments

�� Gel electrophoresis is used for DNA fragment separationGel electrophoresis is used for DNA fragment separation

�� DNA is negatively charged, so it DNA is negatively charged, so it migratemigrates toward the s toward the 

positive pole in an electric fieldpositive pole in an electric field

�� Gels are matrices of Gels are matrices of agaroseagarose or or polyacrylamidepolyacrylamide

�� Fully automated gel electrophoresis systems are availableFully automated gel electrophoresis systems are available



Fragment separation for variety Fragment separation for variety 

testingtesting

����DNA sequencerDNA sequencer

��xxAgilent BioAnalyserAgilent BioAnalyser

��XXAgarose gelAgarose gel

InDelInDel

2525--150 150 bpbp

22

SSRSSR

22--60 60 bpbp

multiplemultiple

Size rangeSize range

Number of allelesNumber of alleles



Variety testingVariety testing

�� Need a database of fragment sizes in Need a database of fragment sizes in 
known standards and known adulterantsknown standards and known adulterants

�� Test unknown sample with a set of Test unknown sample with a set of 
markers and compare the result with the markers and compare the result with the 
databasedatabase

�� DNA sequencers allow PCR products to be DNA sequencers allow PCR products to be 
pooled for multiplex analysispooled for multiplex analysis

�� Can identify pure varieties and mixturesCan identify pure varieties and mixtures



Development of SSR databaseDevelopment of SSR database

�� Sources standards of known varieties, Sources standards of known varieties, 

including adulterants, from India and including adulterants, from India and 

PakistanPakistan

�� Data for 130 SSR markersData for 130 SSR markers

�� Identify most the informative markersIdentify most the informative markers



Multiplex analysis with a Multiplex analysis with a 

panel of SSR markerspanel of SSR markers

on DNA sequenceron DNA sequencer
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SSR database for variety testSSR database for variety test

Approved varieties RM212 RM282 RM72 RM263 RM222 RM44 RM201 RM339 RM55 RM171

Basmati 370 group T I/P 116 131 177 159 209 107 143 184 234 336

Dehra Dun (Type 3) T I 116 131 177;162 163 209;219 107 143 184 234 336

Basmati 217 T I 116 131 177 159 209 107 143 184 234 336

Ranbir Basmati T I 116 131 177 159 209 107 143 184 234 336

Taraori T I 116 131 177 163 211 111 143 184 219 336

Basmati 386 T I 116 131 177 163 211 111 143 184 219 336

Kernel T P 116 131 177 163 211 111 143 184 219 336

Super Basmati E P 116 131 177 163 211 107 143 187 219 344

Pusa Basmati E I 116 139 162 163 209 111 143 184 229 344

Basmati 198 E P 134 131 177 159 209 107 143 184 234 336

Basmati 385 E P 134 131 177; 158 163 209 111 143 184 234 336

Kasturi E I 114 131 152 202 221 101 143 149 229 344

Haryana Basmati E I 134 131 162 159 219 101 143 149 229 344

Mahi Sugandha E I 134 137 152 159 219 101 157 149 229 344

Punjab Basmati T I 134 137 177 159 209;205 107 143 184 234 336

Basmati 2000 A P 134 131 177 163 211 111 143 187 219 344

Shaheen Basmati A P 134 139 177 163 211? 111 143 184 219 336

Sherbati short A I 112 137 152 184 219 101 159 149 229 ?

Sherbati A I 112 142 162 184 221 101 159 149 229 324

Sherbati awns A I 112 137 162 184 221 101 159 149 229 324

Mugad Sugandha A I 114 139 162 184 219;221 101 159 149 229 324

Pak 386 A P 112 137 152 202 221 101 159 149 229 344

Superfine A P 114 139 162 184 219 111 159 149 229 344

Pusa Sugandha A I 114 139 162 163 211;219 101 143 162 229 344

Pusa Sugandha 2 A I 114 139 162 163 211 101 143 162 229 344

Pusa Sugandha 3 A I 114 139 162 163 211 101 143 162 229 344

Yamini ? I 116 131 177 163 211 107 143 184 219 336

Supra A P 116 139 184 219 143 149 344

Pusa 1121 A I 134 131 163 219 111 143 184 219 336

KDML 105 X T 114 139 190 159 184 234 344

Non-approved varieties



QunantitativeQunantitative testing testing 

with SSR RM201 on sequencerwith SSR RM201 on sequencer

�� This compares the area ratio This compares the area ratio 

of two peaks produced by one of two peaks produced by one 

microsatellite marker. microsatellite marker. 

�� It can detect the level of 4  It can detect the level of 4  

nonnon--permitted varietiespermitted varieties

�� Sherbati Sherbati 

�� Pak 386 Pak 386 

�� Superfine Superfine 

�� Mugad SugandhaMugad Sugandha

�� Requires a standard curveRequires a standard curve 0
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2005 2005 –– InterInter--laboratory trial of laboratory trial of 

the variety testthe variety test

�� Test used 8 microsatellite markers (2 Test used 8 microsatellite markers (2 

pools)pools)

�� 11 laboratories11 laboratories

�� Different DNA sequencers were used Different DNA sequencers were used 

�� Good agreement where sample was Good agreement where sample was 

predominantly one varietypredominantly one variety

�� Recommended use of internal referenceRecommended use of internal reference



�� 11 laboratories11 laboratories

�� Labs received:Labs received:
�� standard mixes for standard curves standard mixes for standard curves 

�� blind admixturesblind admixtures

�� The mean results for admixtures were The mean results for admixtures were 
within 0.7%within 0.7%

�� Expanded measurement uncertainty 6%Expanded measurement uncertainty 6%

�� Method is fit for purposeMethod is fit for purpose

2005 2005 –– Quantitative ring trial Quantitative ring trial 



2005 Ring trial participants2005 Ring trial participants

�� CAZSCAZS--NR, Bangor UKNR, Bangor UK

�� CCFRA, Chipping CCFRA, Chipping CampdenCampden, UK , UK 

�� CCL, SwitzerlandCCL, Switzerland

�� Centre for DNA Fingerprinting and Diagnostics, IndiaCentre for DNA Fingerprinting and Diagnostics, India

�� CSL, York, UKCSL, York, UK

�� Dutch Customs, NLDutch Customs, NL

�� EC Joint Research Centre, IRRM, BelgiumEC Joint Research Centre, IRRM, Belgium

�� EurofinsEurofins Ltd, GermanyLtd, Germany

�� LGC, LGC, TeddingtonTeddington, UK, UK

�� NIAB, Cambridge, UKNIAB, Cambridge, UK

�� RSSL, Reading, UKRSSL, Reading, UK

�� United Riceland, IndiaUnited Riceland, India



2006 2006 -- 2007 2007 –– ““LabLab--onon--aa--ChipChip””
2100 2100 BioanalyzerBioanalyzer Agilent Agilent TechnolgiesTechnolgies

�� FSA recommended the FSA recommended the 

Agilent Agilent BioanalyserBioanalyser as a as a 

more usermore user--friendly system friendly system 

for public analyst labs.for public analyst labs.

�� Two novel marker systems Two novel marker systems 

were evaluated for analysis were evaluated for analysis 

Basmati rice without a DNA Basmati rice without a DNA 

sequencer.sequencer.





Jaccard's Coefficient

0.29 0.46 0.63 0.80 0.98

Azucena Azucena 

Jasmati Jasmati 

KDML105 KDML105 

MahiSugandha MahiSugandha 

IR64 IR64 

KalingaIIIKalingaIII

SugandhaSugandha--1 1 
Sherbati1 Sherbati1 

Sherbati2 Sherbati2 

PusaSugandha1 PusaSugandha1 

PusaSugandha2 PusaSugandha2 

PusaSugandha3 PusaSugandha3 

Pak386 Pak386 

Supra Supra 

Basmati198 Basmati198 

Basmati370 Basmati370 

RanbirRanbir

Taraori Taraori 

SuperBasmatiSuperBasmati

Basmati2000 Basmati2000 

ShaheenBasmatiShaheenBasmati

Basmati385F Basmati385F 

Pusa1121 Pusa1121 
PusaBasmatiPusaBasmati

41 41 IndelsIndels



SubSub--set of 9 set of 9 IndelsIndels

Jaccard's Coefficient

0.20 0.40 0.60 0.80 1.001.00

Basmati370 Basmati370 
DehraDun(Type3) DehraDun(Type3) 
Basmati217 Basmati217 
Taraori Taraori 
Kernel Kernel 
Basmati198 Basmati198 
YaminiYamini
SuperBasmatiSuperBasmati
RanbirRanbir
PunjabBasmatiPunjabBasmati
Basmati385Basmati385
Basmati2000 Basmati2000 
ShaheenBasmatiShaheenBasmati
Azucena Azucena 
Jasmati Jasmati 
PusaBasmatiPusaBasmati
Pusa1121 Pusa1121 
Sherbati(awnsSherbati(awns) ) 
Sherbati1 Sherbati1 
MugadSugandhaMugadSugandha
SugandhaSugandha--1 1 
IR64 IR64 
KalingaIIIKalingaIII
Sherbati2Sherbati2
KDML105 KDML105 
SuperfineSuperfine
HaryanaBasmatiHaryanaBasmati
PusaSugandha1 PusaSugandha1 
PusaSugandha2 PusaSugandha2 
PusaSugandha3 PusaSugandha3 
KasturiKasturi
MahiSugandha MahiSugandha 
Supra Supra 
Pak386 Pak386 



Agilent SOPs for PA labsAgilent SOPs for PA labs

�� Variety test (4 + 2 Variety test (4 + 2 INDELsINDELs) and 2 alternative ) and 2 alternative 

quantitative tests were developed.quantitative tests were developed.

�� Public Analysts were trained in variety and Public Analysts were trained in variety and 

quantitative tests in 2007quantitative tests in 2007

�� SOPs for variety test and RM201 quantitative test SOPs for variety test and RM201 quantitative test 

were validated by 10 PA laboratories in 2008 were validated by 10 PA laboratories in 2008 



SOP 1 SOP 1 Detection of NonDetection of Non--Permitted Rice Permitted Rice 

varieties by INDELvarieties by INDEL--PCR Analysis using the Agilent PCR Analysis using the Agilent 

2100 BioAnalyser2100 BioAnalyser

�� A single Multiplex PCR with 10 primers using A single Multiplex PCR with 10 primers using QiagenQiagen
Multiplex PCR master mixMultiplex PCR master mix

�� The reaction gives 9 possible fragments, including a control The reaction gives 9 possible fragments, including a control 
present in all ricepresent in all rice

�� Two optional followTwo optional follow--on PCRs can be done if necessary, to on PCRs can be done if necessary, to 
identify Pusa 1121, Basmati 2000 and Shaheen Basmati.identify Pusa 1121, Basmati 2000 and Shaheen Basmati.

�� Outcome: determines whether sample of rice grains is one Outcome: determines whether sample of rice grains is one 
pure permitted variety or a mixture of permitted and nonpure permitted variety or a mixture of permitted and non--
permitted varietiespermitted varieties



ScoringScoring
99 596 (550596 (550--600)  600)  control (present in all)control (present in all)

88 354 (330354 (330--370)370) present in nonpresent in non--permitted varietiespermitted varieties

77 273 (270273 (270--280)280) present in all approved present in all approved BasmatisBasmatis

66 256 (252256 (252--260) 260) **
55 230 (224230 (224--235)235)

44 214 (208214 (208--218) 218) present in all approved present in all approved BasmatisBasmatis

33 186 (181186 (181--187)187) **

22 174 (170174 (170--175)175) **
11 142 (134142 (134--144)144)

** if these three bands are all present, the sample contains a nonif these three bands are all present, the sample contains a non--
permitted varietypermitted variety

Multiplex INDEL test for AgilentMultiplex INDEL test for Agilent
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Possible test outcomesPossible test outcomes

Most likely to be an approved Basmati: Basmati 
385;  Kasturi Haryana Basmati or Mahi 
Sugandha

Profile matches Group 4, 5 or 6

Follow on test with I10 to separate Basmati 2000
and Shaheen Basmati from Basmati 385

Profile matches Group 3

Follow on test with I5 to separate Pusa 1121 from 
Pusa Basmati

Profile matches Group 2

Approved Basmatis: Basmati 370, Basmati 198, 
Type 3, Basmati 217, Ranbir, Kernal, Super

Non-permitted Yamini

Profile matches Group 1

Non-permitted adulterant variety presentB2, B3 and B6 all visible

Non-permitted adulterant variety presentB8 band visible

Repeat PCR with increased sample DNA conc.B9 not visible

Repeat with fresh reagentsBands present in blanks

Action or ResultOutcome



Summary of Ring Trial results from Summary of Ring Trial results from 

10 PA labs10 PA labs

99Pusa 1121Pusa 1121Pusa 1121Pusa 112166

66Group 1Group 1UnknownUnknown55

1010Group 1 + Group 1 + 

adulterantadulterant
25% Pak 386 in 25% Pak 386 in 

TaraoriTaraori
44

88Group 1 + Group 1 + 

adulterantadulterant
7% Pak 386 in 7% Pak 386 in 

TaraoriTaraori
33

66Group 1Group 1SuperSuper22

99Group 2Group 2

Pusa BasmatiPusa Basmati

Pusa BasmatiPusa Basmati11

Number of labs Number of labs 

who correctly who correctly 

identified sample identified sample 

Expected Expected 

resultresult
VarietyVarietySampleSample



SOP 2 SOP 2 Quantitative Analysis of Adulteration Quantitative Analysis of Adulteration 

with the varieties with the varieties Sherbati, Mugad Sugandha, Sherbati, Mugad Sugandha, 

Pak 386 or SuperfinePak 386 or Superfine using the Agilent 2100 using the Agilent 2100 

BioAnalyser BioAnalyser 

•• Adapted SSR RM201 marker for use on Adapted SSR RM201 marker for use on 
BioAnalyserBioAnalyser

•• Detects the level of four nonDetects the level of four non--permitted varieties permitted varieties 
present in a samplepresent in a sample

•• The relative proportion of the adulterant can be The relative proportion of the adulterant can be 
estimated by comparing the areas under the estimated by comparing the areas under the 
peaks for the permitted and nonpeaks for the permitted and non--permitted permitted 
variety fragmentsvariety fragments



Gel tabGel tab

Click on this 

bar to get set 

point explorer

Global tab

Gel tabGel tabGel tab

Click on this 

bar to get set 

point explorer

Global tab



Ring Trial result from PA labs Ring Trial result from PA labs 
QuantitationQuantitation with RM201 on with RM201 on BioanalyserBioanalyser

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6

Lab 1 8.25 8.57 24.03 5.84

Lab 2 8.46 19.41

Lab 3 9.32 20.83

Lab 4 9.73 4.03 7.19 19.13 5.28 3.65

Lab 5 8.2 7.48 7.35 22.91 5.07

Lab 6 10.7 21.69 9.63

Lab 7 4.38 14.53

Lab 8 8.2 35.36

Mean 8.73 5.76 8.02 22.24 6.46 3.65

SD 0.71 1.73 1.72 5.65 1.85 0.00

Sequencer 4.13 0.31 9.5 28.73 3.28 0.07

2 labs did not return quantitative results 

7% 25%



SOP 3 SOP 3 Quantitative Analysis of Adulteration of Quantitative Analysis of Adulteration of 

Basmati Rice with the varieties Sherbati, or Pak 386 Basmati Rice with the varieties Sherbati, or Pak 386 

using the Agilent 2100 BioAnalyser and a PCR using the Agilent 2100 BioAnalyser and a PCR 

Marker based on an INDELMarker based on an INDEL

�� AdaptedAdapted frgfrg gene marker for use on BioAnalysergene marker for use on BioAnalyser

This test only quantifies the adulteration with nonThis test only quantifies the adulteration with non--
aromatic adulterant varieties aromatic adulterant varieties Sherbati and  Pak 386Sherbati and  Pak 386

�� A control fragment present in riceA control fragment present in rice

�� The relative proportion of the adulterant can be The relative proportion of the adulterant can be 
estimated by comparing the areas under the peaks for estimated by comparing the areas under the peaks for 
the permitted and nonthe permitted and non--permitted variety fragmentspermitted variety fragments

��



INDEL Quantitative TestINDEL Quantitative Test

Standards:Taraori in Sherbati

0% 20%5% 10% 15% 60%40% 50% ? ? ? ?



Comparison and limitations of SOPsComparison and limitations of SOPs

Variety TestsVariety Tests

�� For both SSRs it was difficult to compare fragments sizes betweeFor both SSRs it was difficult to compare fragments sizes between n 
labs labs 
�� An internal reference DNA fragment may helpAn internal reference DNA fragment may help

�� The SSR method is more informative than the 4+2 The SSR method is more informative than the 4+2 InDelsInDels

�� Neither test can distinguish YaminiNeither test can distinguish Yamini

Quantitative testsQuantitative tests

�� Limited set of adulterant varieties detectedLimited set of adulterant varieties detected

�� InDelInDel detects fewer varieties than RM201detects fewer varieties than RM201

�� Sequencer analysis of area under curve is fit for purpose.Sequencer analysis of area under curve is fit for purpose.

�� Agilent SOPs are not recommended for enforcement purposes.Agilent SOPs are not recommended for enforcement purposes.

�� Major limitation of all SOPs: unknown new adulterants.Major limitation of all SOPs: unknown new adulterants.



Current situationCurrent situation



Survey work since 2006 Survey work since 2006 

�� 2006  approximately 16% samples adulterated (RA 2006  approximately 16% samples adulterated (RA 
survey)survey)

�� 2007 < 10% samples adulterated (RA survey)2007 < 10% samples adulterated (RA survey)

Levels of adulteration have decreased since 2003Levels of adulteration have decreased since 2003…… but the but the 
problem still exists and adulteration could be on the problem still exists and adulteration could be on the 
increase againincrease again……..

�� 2009 Public analyst says there are more un2009 Public analyst says there are more un--identifiable identifiable 
varieties/mixtures in recent batches.varieties/mixtures in recent batches.

Is this due to new varieties that are not in the database?Is this due to new varieties that are not in the database?



�� From IndiaFrom India

�� Improved Pusa Basmati 1 (IET 18990) MASImproved Pusa Basmati 1 (IET 18990) MAS

�� BhogavariBhogavari

�� GeetanjaliGeetanjali

�� MalviyaMalviya Basmati Basmati --11

�� Others?Others?

�� From PakistanFrom Pakistan

�� ??

�� Other countriesOther countries

�� Sugandha 1 (Nepal)Sugandha 1 (Nepal)

�� ??

Potential new adulterantsPotential new adulterants

Standard samples have not yet been obtained



YaminiYamini

�� Derived from Pakistan Basmati x Derived from Pakistan Basmati x BuraBura RataRata

�� Salt tolerantSalt tolerant

�� 50 extra SSRs linked to salt tolerance traits were 50 extra SSRs linked to salt tolerance traits were 
tested in 2007tested in 2007

�� Still not yet distinguishable from approved Still not yet distinguishable from approved 
BasmatisBasmatis with available protocolswith available protocols



RecommendationsRecommendations

�� Continued public surveillanceContinued public surveillance

�� Routine sourcing of standards (work with India Routine sourcing of standards (work with India 
and Pakistan)and Pakistan)

�� Add many more loci to database (>200)Add many more loci to database (>200)
�� Target Target InDelsInDels and SNPs located near key genes (e.g. and SNPs located near key genes (e.g. 
grain elongation, salt tolerance)grain elongation, salt tolerance)

�� Develop Invader Assays for Develop Invader Assays for quantitationquantitation without without 
PCR (detect using Mass Spectrometer) PCR (detect using Mass Spectrometer) 

�� Analysis of complex mixtures with next Analysis of complex mixtures with next 
generation sequencing.generation sequencing.
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