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Summary,

Genetic variation In rice

Why derwe need! toratithenticate; Basmati
fice?

Development and validation off Standard
OpEerating procedures

Current situation
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Ecogeographic differentiation

Within: Oryza sativathere are twe; broad suld-
SPECIES:
s [Indica — adapted to) tropics

s Japonica — adapted to) temperate and trepical
Uplands

Jlraditional® Basmatis arermorphoelogically;
most similar'te’ Indicas

VIarkersfshew that they ane genetically.
distinct firom either group
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RICE GEAOMIC Variation

ihe complete rice genome! is 386,62 Mbp
37,544 proteini coding SedquUences

55%0 IS repetitive (transpoesable’elements)
1,703,176 SNPs

479,406 InDels: 1 every 95351 bp.
48,351 Simple Sequence Repeats:
1 every 80001 bp

(di- =8 repeat units, tri- =5, tetra- =24)




Microsatellites
Simple Sequence Repeats

Microesatellite markers are repeat; Sequences; in
nen-coding DINA, di-, tri or tetra- bp: repeats

e.dl
ATATATATATATATATATATATAT
ATATATATATATATATATAT

Different varieties have diffierent nUmBEers of
iEpeats

Can distinguishi them: with PCR and' gel analysis.
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Factorial analysis: Axes 172
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Factarial analysis: Axes 172
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Why: dorwe need tor authenticate
Basmaltil rice?




Basmatil Growing Area

north and north western part: of Indian sub-continent

Indo-Gangetic plains
N. Punjab

Haryana

| Jammu
*ujf e Uttaranchal

Himachal Pradesh

Arabiamn

Ses o Rajasthan
TR Uttar Pradesh




A definition?

Aroma andigrain elongation on| cooking.

“lraditional® Basmatis are tall and 1ow
vielding compared toe other varieties:

Pusa Basmati' I is'a higher vielding semi-
dwarf (from Basmati 570 cressed tor IRS).




Basmati rice in the UK

Tihe UK market for Basmati rice isi Increasing
s 120,000 — 160,000 tonnes imported annually: to: UK
s 269,000 — 360,000 tonnes imported annually: to EU

Code of Practice fior Rice only: allows the term  Basmati
fice” to be applied to certain Iong| grain arematic rice
varieties grown in Indiai and Pakistam: (Rice Asseciation,
20)0)5))

Jhe Code of Practice states that the maximum adulterant
levels in basmatil rice varieties can not exceed 7%.




Llist off Approved Basmatis

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) (1)

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) (1)

Basmati 385 (P) Mahi Suganda ()

Haryana Basmati

(HKR 228/IET 10367) (I)

Punjab Basmati (Bauni Basmati) (1) I - Originally approved by India
P - Originally approved by Pakistan




Non-firagrant non-approved varieties

Sherbati (India)
Pak 366 (Pakistan)




Fragrant non-approved varieties

Basmati 2000 India
Shaheen Basmati Pakistan Salt tolerant

Mugad Sugandha India
Superfine
Pusa Sugandha India (IARI)

(1,2 & 3)

Yamini India Semi dwarf
(CSR 30) Salt tolerant

Supra

Pusa 1121 India (IARI) Semi-dwarf
(Pusa sugandha 4)




2003 survey.

582 UK commerciall samples were tested
46 Y% were adulterated (detecteal with RIM201)

>60%0 Adulterant

adulteran

RICE SQUAD

By STEPHEN HAYWARD
Consumer

SHOPPERS are being duped
into buying dodgy basmati
rice from India and Pakistan.
Popular brands of the high-
ruality rice are being mixed with
cheaper varieties in a shock for
the food indunsf
Basmati ric
curries, costs around £2.60 a kil
compared with T6p for other type:
The price mark-up earmns
profits, Britain
HEurope's bigge
cionsumer,
£50million of
oe -
Now two importers |
have 'id‘mitt i

and supermarkets.

Real thing... basmati

EETETA (rackdown
over bogus

basmati con

K) Ltd and Surya
in Hasex, were

fined thousands of pounds.

The "cnnlmmmated

Basmati Ric
Ric h

Ri &

Salaam Basmati Rice.
One sample had

75 per cent of non-

basmati pgrains,

another 55 per c¢ent.

Now a new code of

practice means asmati rice
must not apwven per cent
of a bateh, rather than the
previous 20 per cent.

It comes
Food Stand

from a
high levels of mnmmln&tion

Damien Tester, of the UK Rice
Asgociation, said: "There is
concern that consumers are
being ripped off.

“It: asible there are minor
elements of the trade where the
message hasn't got through.”

Roger Walters, spokesman for

ading standards which
ntions,
ENnEUre

mpan a n
-up for the p'ml‘lem




Pevelopment and! validation of
SOPs




Development of SOPS
2005 - 2007

Variety testing withr SSRs —analysis on
seguencer usingl panel off markers

Quantitative analysis withr SSR'— with

analysis off RIV201 on Seguencer

Variety testing withrinbDelsi—amnalysision
Agilent: BioAnalyserusing; panel off markers

Quantitative analysis (RIM201 & Inbel)ren
Agilent BioAnalyser




Visualising DNA frragments

Gel electrophoeresisiisi usedi for DNA firagment separation

DNA'IS negatively’ charded, so It migrates toward the
PosItive pole; in antelectric field

Gels are matrices off agarose; or polyacrylamide

Eully; automated gelf electropheresisisystems are available




Fragment separation for Variety
testing

SSR InDel
Size range| 2-60 bp 25-150 bp
Number off allelesi| multiple 2
Adaroese gel X

Adilent BioAnalyser

DINA sequencer




Variety testing

Needia database of firagment: sizes in
kKnown standards and known adulterants

Jlest: unknowni sample With' a; set: of
Markers and compare; the result with the
database

PNA seguiencers; allow PCR products te be
pooled! for multiplex analysis

Can identify, pure varieties and mixtures




Development off SSR database

Sources) standards off kKnewn! Varieties,

Incltdingl adulterants, firom: Indiarand
Pakistan

Data for 130 SSR markers
Identify moest the informative markers




Multiplex analysis withi a
panel off SSR markers
on DNA'sequencer

158 bp 182 bp
130 bp 202 bp

95bp 122 bp 170 bp

' \Jl\dl\hﬁﬂ
Lng T o v !




SSR database for variety test

llmmmm-mﬁmmm
Basmati 370 group [T [UP|

Dotra bun (Type 57— [T 1|

Basmai2i7 [T |1 |

Ranbir Basmali [T |1 |

Taraoi [T [1 |

Basmaisss [T |1 |

Kemel [T [P |

Super Basmai_______[E [P |

PusaBasmati ______ [E |1 |

Basmati198  |E [P |

Basmatid85  [E |P |

Kastui  ~ [EN1 [ 114 | | 152
HaryanaBasmati  [E I |

Mahi Sugandha  [E 1| | 137 [ 152 |
PunjabBasmati [T I |
Non-approved varieties

Basmati2000  [A |P |
ShaheenBasmati  [A [P |

Sherbatishort  [A I | | 152
Sherbati  [A ]I |

Sherbatiawns A |I_| 137

Mugad Sugandha _ [A ]I [ 114 |

Pak386  [A [P | | 137 | 152 |
Superfine  [A]P | 114 |

PusaSugandha  [Al | 114 |
PusaSugandha2  [A ]l | 114 |
PusaSugandha3  [A ]l | 114 |

Yamini [? ]I |

Swpra  |A P | [
Pusa1121  [A I | [
KbML105 X T [ 114 | |




Qunantitative testing
with SSR RM201 oni sequencer:

RIS compares the area ratio
Of tWo) peaks, produced: by one
microsatellite marker.

[t can detect the: level of 4

nen-permitied varieties
= Sherbati

= Pak 386

s Superfine

s MUgad Sugandha

Reqguiresi a standard curve




2005 — Inter-laberatory: triall ofi
the variety. test

liest used! 8fmicrosatellite: markers: (2
POOIS)

11 laboeratories
Different DINATseqUERnCers Were Used

(G00d agreementiWhere sample Was
predeminantly: ene; Varety

Recommended use: of internal reference




2005 — Quantitative ring; trial

I'l laboratories

Lalds! received:

s Standard mixes fior standard curv/es
x Dlind admixtures

he mean results for admixtures; Were
within 0. 7%

Expanded measurement Uncertainty: 6%
Method IS fit for purpose




2005 Ring| trial participants

CAZS-NR; Bangor UK

CCERA, Chipping Campden, UK

CCL, Switzerland

Centre; fior DNA Eingerprinting and Diagnestics;, India
CSL, York, UK

Puteh Customs, NLE

EC Joint Research Centre, IRRM, Belgium
EUrofins I.td,, GErmany

LGC, Teddingten, UK

NIAB, Cambridge, UK

RSSIL, Reading, UK

United Riceland, India




2006 - 2007 — “Lab-on-a-Chip”
2100 Bieanalyzer Adilent: Technolgies

ESA recommended the o
Agilent Bioanalyser asia

more user-friendly: system

for public analyst:labs.

Twoe novell marker systems
Were evaluateal for analysis
Basmatil rice without'ar DNA
Seguencer.




Available online at www.sciencaedirect.com —
TP ; Field
*+” ScienceDirect Crops

Research

www elseviercomdlocatefor

Field Crops Research 105 (X8 BI-E7

InDel markers distinguish Basmatis from other fragrant rice varieties
Katherine A. Steele *™*, Rob Ogden®, Ross McEwing®, Helen Briggs®, John Gorham *"

A Food DVA Services, Bangor, Gwynedd LLS7 200, UK
B CAZY Natuml Resources, University of Wales, Bangor, Gwynedd LLE7 2UW. UK

Received 4 June 2007, meoeived in revised form 2 August 20007, accepied 4 Awgust HXIT

Ahstroact

Two alternative PCR-based marker svstems were tested for polvmorphism in 2 set of fragrant and non-fragrant rice {(Oryza sativa L) variaties,
Markers based on InDels (sequences with an insertion/deletion) gave reliable polvmorphisms that sphit Basmatis and other varieties into different
groups, however, markers based on Rim 2/ ipa tmnsposons were less relioble or informative. OF 42 InDels tested, 71% showed polymorphisms
betwesn Basmati varieties and non-Basmali indicas. A sub-set of nine InDel markers was selected as areliable test o distinguish between Basmatis
and other fragrant rice vanetes using high-resolution agarose gels, Both marker svslems tested are suilable for rice heeding and genetic analysis in
laboratories where polyacryvlamide gels or sequencers are not available.

W 2007 Elsevier BV, All rights reserved.

Eevwards: Fragrant rice; Marker, Polymorphism, Transposon




41 Indels

Azucena
Jasmati
KDML105
MahiSugandha
IR64

Kalingalll

Basmatiio8
Basmati370
Banbir
Jfaraori
SuperBasmati

e PusaBasmati

I T
0.63 . 398
Jaccard's Coefficient




Sub-set of 9 Indels

|
0.60
Jaccard's Coefficient

Basmati3 70
DehraDun(lypes)
Basmati21 7
Traraori

Kermel
Basmatiilos

SuperBasmati
Ranbir
PunjabBasmati
Basmatises

Azucena
Jasmati

e 2lsaBasmali
L —

Sugandha—1
IR64
Kalingalll
KDML105

HanyanaBasmati

Kastur
VahiStigandha

1.00




Adilent SOPs fior PA [abs

Variety test (4 + 2 INDELS) and 2 alternative
guantitative tests were developed.

Public Analysts were trained 1n Vakety and
guantitative; tests in 2007

SOPs for variety test and RIM201 guantitative test
were validated by 10 PA laboratories in 2008




SOP 1 Detection of Non-Permitted Rice

varieties by INDEL-PCR Analysis using the Agilent
2100 BioAnalyser

A singlerMultiplex PCR with 10 primers using Qiagen
Multiplex: PCR master mix

The reaction gives 9 possible fragments, Including a control
present ini all rice

Tiwo optional follew-on; PCRs/ can be done I necessary, to
identify Pusa 1121, Basmati 2000/ andi Shaheen Basmati.

Outcome: determines whether sample of rice grainsi isione
pure permitted variety or'a mixture of permitted and non-
permitted varieties




Multiplex INDEL test for Agilent

596 (550-600)
354.(330-370)
273 (270-280)

256 (252-260)
230 (224-235)
214 (208-218)
186 (181-187)

174 (170-175)
142 (134-144)

9
<
/
6
5
4
3
2
1

SCoKng

controlf (present inrall)
present Infnen-permittedl varieties

present in all approved Basmatis
%

present iniall approved Basmatis
%

>k

*jf these three bands are all present, the sample contains a non-

permitted variety:




Basmati 385
Pusa Basmati 1
Super + non-Bas

ﬁ
&
=
S
D
=
70!

%)
o]
==
=
=
=i
+
[}
2]
=
=W
I

o]
Ladder  Pak386_I... Superfine... Super _IM... 2522_IMPX1 2524 IMPX1 mmmmlﬂ._.__uxu 2528_IMPx1 2534 _TMPx1 2552 _IMPx1 2555_IMPx1 2561 _IMPK1 2868 55 _1...




Possible test outcomes

Outcome Action or Result

Bands present in blanks Repeat with fresh reagents

B9 not visible Repeat PCR with increased sample DNA conc.

B8 band visible Non-permitted adulterant variety present
B2, B3 and B6 all visible Non-permitted adulterant variety present

Profile matches Group 1 Approved Basmatis: Basmati 370, Basmati 198,
Type 3, Basmati 217, Ranbir, Kernal, Super
Non-permitted

Profile matches Group 2 Follow on test with I5 to separate from
Pusa Basmati

Profile matches Group 3 Follow on test with 110 to separate
and from Basmati 385

Profile matches Group 4, 5 or 6 Most likely to be an approved Basmati: Basmati
385; Kasturi Haryana Basmati or Mahi
Sugandha




Summary off Ring Trial results from
10 PA'labs

Variety Expected Number of labs
result who) correctly
identified sample

Pusa Basmati Group 2 )
Pusa Basmati

Super Group 1
7%0 Pak 386 in Group 1 +
Taraori adulterant

25%0 Pak 386 in Group 1 +
Tlaraori adulterant

Unknown Group 1

Pusa 1121 Pusa 1121




SOP 2 Quantitative Analysis of Adulteration

with the varieties Sherbati, Mugad Sugandha,
Pak 386 or Superfine using the Agilent 2100
BioAnalyser

o Adapted SSR RM201 marker for use on
BioAnalyser

o [Detects the level of four nen-permittedl varieties
present in a sample

o (e relative proportion of the adulterant can be
estimated by comparing the areas under the
peaks for the permitted and non-permitted
variety fragments
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Ring| Trial result firom: PA labs
Quantitation with RM201 oni Bioanalyser

7% 25%

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 7.19 93 3
Lab 5 ! b 15 22.91
Lab 6 10.7 21.69
Lab 7 4.38 14.53
Lab 8 8.2 35.36
Mean 8.73 5.76 8.02 22.24
SD 0.71 1.73 1.72 5:65
Sequencer 4.13 0.31 9.5 28.73

2 labs did not return quantitative results




SOP 3 Quantitative Analysis of Adulteration of

Basmati Rice with the varieties Sherbati, or Pak 386
using the Agilent 2100 BioAnalyser and a PCR
Marker based on an INDEL

Adapted /rg gene marker for use on BioAnalyser

Iinis test only: quantifies: the adulteration With nom-
dromatic adulterant varieties Sherbati and Pak 586

A control firagment present In rice

Tihe relative proportion of the adulterant cami be
estimated by comparing| the areas under the peaks; for
the permitted and non-permitied variety: fragments




INDEL Quantitative Trest

1500 —
1000 —
700 —

S00 —
400 —

200 —

200 —
150 —

100 —

50 —
ligi=

Standards:Taraori in Sherbati

0% 5%

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

?

AT TN

— 1500
— 1004
— 700

— 500
— 400

— 300

— 200
B

— 100

— 50
=il




Comparisen and limitations off SOPs

\Variety. liests
[For both SSRs it was' difficult to compare fragments sizes between

|abs
= An internal reference DNA fragment may: help

The SSR method is more informative than the 4+2 InbDels
Neither test can distinguish Yamini

Quantitative tests
Limited set of adulterant varieties detected

InDell detects fiewer varieties than RM201
Seguencer analysis of area under curve Is fit for purpose.
Agilent SOPs are/not recommended for enfercement purposes.

Major limitation of all SOPs: unknown new’ adulterants.




Current situation




Survey work since 2006

2006, approximately: 16%) samples adulterated (RA
Survey)

2007 < 10% samples adulterated (RA survey)

LLevels off adulteration have decreased: since 2003... but the
problemy still existsiand adulteration could be on the

INCrease adains...

2009 Public analyst says there ane more; un-identifianle
Varieties/mixtures In recent batches.

[s this due to new! varieties that are not in the database?




Potential new adulterants

From India

s, Improved! Pusa Basmati 1 (TIET 18990) MAS
= Bhoegavari

s Geetanjali

= Malviya Basmati -1

= Others?

Erom; Pakistan

m ?
Other countries

s Sugandha 1 (Nepal)
m ?

Standard samples have not yet been obtained




Yamini

Derived fromi Pakistan Basmati x Bura Rata

Salt tolerant

o0 exira SSRBs linked to salt tolerance! traits were
tested in 2007

Still not yet distinguishalle from approved
Basmatis with availanle protocols




Recommendations

Continued public survelllance

RoUtine seurcing| of standards (Work withr India
and Pakistan)
Add many: more locii to database; (>200)

s Jlarget Inbels and SNPs'locatedl near key:. genes (e.d.
drain elongation) salt telerance)

Developr Invader Assays for' guantitation Without
PCR (detect using Mass Spectrometer)

Analysis o complex mixtures withr next
deneration sequencing.
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