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Outline

 SNP genotyping assays for rice
— SNP genotyping platform choices
— SNP discovery and SNP selection
— QC and validation of SNP assays

* Rice authentication
— Population structure
— Phenotype-genotype relationships
— Genetic similarity
— “Reference” varietal profiles

* Rice diversity databases
— Collection of varietal phenotypic profiles
— Collection of critical alleles/haplotypes



Variety 1
Variety 2
Variety 3
Variety 4

A single-nucleotide polymorphism (SNP) is a DNA sequence variation occurring
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Single Nucleotide Polymorphism (SNP)
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when a single nucleotide - A, T, C, or G - in the genome differs between
members of a species



SNP discovery and genotyping platforms

Technique Scale Equipment and platform cost Reagents cost
Sequencing

Resequencing (Sanger) Low- to medium-throughput High High

Pyrosequencing Medium-throughput High Medium

454 sequencing High-throughput High Low
DMA conformation

SSCP Low- to medium-throughput Low Low

DGGE Low- to medium-throughput Low Low

dHPLC Low- to medium-throughput Medium Low
Allele-specific amplification Low-throughput Low Low
Enzymatic cleavage methods

CAPS and dCAPS Low-throughput Low Low

TILLING Medium-throughput Medium Low

Invader assay Medium- to high-throughput Medium Medium—High
Allele-specific oligonuclectides

Microarray-based High-throughput High High

Tagman Medium-throughput Medium High
Oligonucleotide ligation assay

ELISA colonmetric assay Medium-throughput Low Low

Rolling-circle amplification High-throughput Medium Medium
Minisequencing

Allele-specific pnmer extension Medium- to high-throughput High Medium

Chagne et al (2007) SNP genotyping in plants



SNP Genotyping Platforms

OryzaSNP Project (20)
Nipponbare/93-11 genome (2)
OMAP BAC-end sequence (2)
lllumina GAIl re-sequencing (26)
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Linkage disequilibrium and association mapping
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The high-LD chromosomal region around a marker locus defines the predictive range of a

certain genetic marker. If LD within this genomic range is complete, any polymorphism within
this range will have the same predictive value for the association with the phenotype. Hence,

as a result of a significant marker-phenotype association, it can be concluded that the
causative polymorphism locates within this high LD region around the marker locus.




Linkage disequilibrium in rice

LD in rice is expected to decay at around 100-200kb in indica, while it
extends to over 500kb in japonica
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LD was measured as r?2 between SNPs

K. Zhao (2009)



Criteria for SNP selection
lllumina 1536 SNP assay

1) Bi-allelic, single copy
TACAACTTACAAGGATTATTGAGCTTCTTTCTTTCTCTGCCGTGGCTTCTATCTTTACCT
[T/G]JCTATGCATCTTCAACCTGACTTGATGATTGTTTGAAACCAATTTTAATGGAAGTTAAATG

2) No SNPs within 60bp on either side of target
SNP

3) None of the SNPs were in perfect LD with any
other SNP within 500kb

4) High frequency of polymorphism within
major subpopulations of O. sativa

5) Good distribution throughout the genome



Chr

12

11

SNP distribution

Affy 44K
Hlumina 1500

T 1 IH O 000 00 0000 DO / Perlegen
DO T I 1 RN T A M T A T T AT OMAP
I'I.I-IIEIIIIIIII-ﬁI:I-lI:’IIIIHII I.i: 00 00 OO OE R :llillll LU DRI m::::“lﬂﬂllllmlll-T;H.:/

1 R I IIIIIIIIIIII 0O RN NN O AV 0 AR 11
(O R AR A L AT A ]

GO 0 OO O 0 OO N (HREE W II IIIIlIIII IIIlI LR R LTAE L L R UL Y L LRI R L RRRL L UL DL (LR

10

A0 AN SR A S0 VT O OO R TR0 0O 00 D ARRELAR
[ L A 1

LULETEEE 2 DR L LT L LI R T AL BRI R LR ERLTE LR
TR N

[ T T T T T T T T TR T Ty T T T T
8 0 1 1 1R 1 S S R
[T DL U8 M WG | WOURENE (W00 R R0 O ORIIRIR 0 0 O M A 4001 0
RHHEOTE WY G Y | R N1 0 M 0 OO 1 VTR 1 G 9 G 6 O S | OO SARRNIE

(L TRTE T T T R IIIIIIII|IIIINIIIIIlIIIIIIIIIII\ [T IIIIIHIIIIIIIIIIIlﬂllllll\ L TTIRRHITITIE I ]
L T 1 1 0 | A B 11 AL

I N S RN N O OBE RGO B WEC | WUV WMMOSSNE SR U N0 OO ISR I 0 | RN ORI
0 1 0 1 O 5O Ot o 001 0 0 5 S S ) 1 MM 0 B 1 0 1 0

Illlll\l[ll HII[HIHIII‘IIIII IIIII IIIIIIIII IIfllll]IIIIIIIII 1§ II1II]1IIIH IIIHIIII\IIIIIIIIIllIIJIIIIIIIIIIIJIIIN\IIIIIIIII-IIIIIII-1|-I RN T
I O O A TR

II‘ lliﬂ \IIlIHI I\II il IIIII -l II. IIIIIIIHIIII FmEmn e . II I lll L UL DR URRTAR IR IRE UL DL DR Ll D] L DL ]
. N [ ]

AFTER | R 00 0 I S A0 0O TOSIRT AR 0 I\IIIIIIII[II I 0 R 0N A1 O
CLL IR L0 T L A

I n nwi | PO I RN S O TN O 1 | 1 F O D

HHMIHIIIIHHI.\'H"I‘ lﬂlmllllllﬂlll\llil (1R I| 1 Iill III|HFI¥II mi Hlllﬁ‘lllllll Hllll,Illlllllllqlllmlf‘lmlllﬂlllllllllIllmaﬁl

I AT RTA (WRLAAR AT | | | Il e 1l | I |
- . LR} |||n|n|| BUR 00 USRI D M D O 4 SN |0 T 0 0 S i 1

1R IR R0 00NN | PSRN G 1 1 1 0 0 G 000 0 P00 5 SO 0 0 8 Y O 18115 0 ) 0 O 1 0D W TS 1071 1)

RS 0000 RN OO0 OO OO AN U0 AR OO S N AT OO 00T O
I e L 11 T LR T T e

(NN AR O A0 A 000 0RO TN R WAL MR RCORA) O UM WUOMINNN PO I D AN N OO 0 T N 0
L 1]

| 10 0 0 O 00 IIIII-IIIII-“IIII\III I\IIIIIII\I]IIHIIiIIII IIII 0NN RS AR
A VAT T I S 1 o T A O A AR

10 A IIII—IIII wi -IIIII"IIIHIIIIII DT UR L IIIIII_-- LU
Ll

II.\H\ W III.IIII (U0 T T I\ | ll\ IIIII\IIIIIIllll-II\ IIIIIIILIIIII= IIF{Ill\lllllllll leﬂmlfllllllII\IIMIII.I[H'T.IFI-\'I“IITHMI

[ ] IIINIIII LD L LI T

(IR Il-lllllllllll-lIIIIIIIIIIIIIIIIHIIII'IIIHII \IIIIIIIINIII (LT TR T 0 T \IIIIIIFIIIIIII.III'II.IIII Fll-lllllhllll-llllAlllMI”IMIMIlﬂ

[CHE TR g ey 11 T L A R LRI (W T CIETTE I ey

IIIIIJII- ul \IIII IIIIIIII ¥ (L} =

0 10 20 30

Position (Mb)

40



lllumina GoldenGate Assay
48 to 1536 loci

FIGURE 1: GOLDENGATE ASSAY
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Quality control of SNP genotypes

Individual sample call rate
— 97% SNPs called

SNP call rate
— 99% SNPs called reliably across all samples being assayed

Quality scores (per SNP)

Concordance
— Between replicates of same sample (99%)
— Between genotyping platforms

Validation
— Genotyping data analysis



SNP verification using Re-sequencing data

Sample/Chip NSF-TV # Accession Name Same Source ? Solexa Coverage Accuracy
090818-A03 19 Black Gora Yes 5.1X - 60bp pe 99.4%
090414-B05 29 Chau Yes 4.6X - 60bp pe 99.3%
090209-A04 43 Dee Geo Woo Gen Yes 2.9X - 36bp se 99.3%
090209-B05 94 Koshihikari No 19.8X - 33bp se 99.1%
090415-D05 163 163 Yes 7.8X - 88bp se 99.3%
090226-A01 173 nipponbare Yes 3.4X - 88bp se 99.6%
090324-A01 173 nipponbare Yes 3.4X - 88bp se 99.5%
081216-D11 173 nipponbare Yes 3.4X - 88bp se 99.6%
090209-A01 173 nipponbare Yes 3.4X - 88bp se 99.6%
090204-H09 173 nipponbare Yes 3.4X - 88bp se 99.6%
090204-H10 173 nipponbare Yes 3.4X - 88bp se 99.6%
081215-A02 173 nipponbare Yes 3.4X - 88bp se 99.7%
081216-E02 173 nipponbare Yes 3.4X - 88bp se 99.7%
090302-E09 317 Dj 123 Yes 6.4X - 88bp se 99.3%
090331-G03 341 Shirkati Yes 4.3X - 60bp pe 99.3%
090415-F10 621 Lagrue No 6.8X - 53bp pe 97.6%
081215-C07 647 Cypress No 6.2X - 53bp pe 98.2%
averages 99.3%

Mark Wright (2009) In preparation



Rice diversity panel

0. sativa — 410 accessions (landraces, elite cultivars) from
80 countries

* O. rufipogon — 100 accessions from 14 countries
e 50 agronomic traits are phenotyped




Seed purification and management

Source ‘SO’ Seed
From IRRI, GRIN, Tai, and Breeders in 06 and 07

At Cornell [

At DBNRRC

I 0. sativa Source ‘SO’ Plant I |

I O. sativa Source ‘SO’ Plant I
]
| |
0. sativa Single Plant 'S1’'Seed
Bulk Panicles - Harvested in ‘06
For Collaborator Distribution

O. sativa Reference Panicle’S1’seed
From Single Plant @ DBNRRC
Aliquot sent to Cornell in ‘06

O. sativa Source'S1’ Seed 0. sativa Source ‘SO’ DNA
Large Extractions in 06
|

Harvested at Cornell in ‘06
0. sativa Single Plant Bulk'S1’ Seed I
Harvested in ‘06 at DBNRRC

I I
Illumina SNP DNA
Qiagen Extractions in‘08

\_Aliquot send to Cornell in '06

C). sativa Reference ‘SZ’Seed)

Harvested in 2007
T

lllumina SNP DNA
enogrinder Extractions in ‘08
[ [
O. sativa Reference 'S2’ Seed
Harvested in 2007 |
' |
Affy SNP DNA
enogrinder Extractions in ‘08

| — — — -

Wild Source ‘SO” Plants
3 replicates each

Affy SNP DNA
Qiagen Extractions in‘08




Genotype reference samples

410 landraces, elite cultivars was genotpyed by 1536 SNPs

assay (Displayed by Flapjack graphic viewer)
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Genotype F1 hybrid

1.000 9311+NB-CL-NB+9311-CGL (1):
1.000 ME+9311-GL-NB+9311-GL (l):

0.999 9311 x Nipp 4-9311 x Nipp 4:
0.998 NB+9311-CGL-BE+9311-CGL (2)%

0.998 NB49311-CL-NB+9311-CL (3
0.998 NB+9311-GL-NB4+9311-CL (4
0.998 93114+NB-CL-NB+9311-CL (3
0.998 93114NB-GL-NB+9311-CL (2




Genetic similarity

Measure pair-wise genetic distance
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Accessions similarity measured by
# of matching alleles/ # of comparisons
(Simple statistic by Flapjack viewer)

| | Chromosome: @ 680 lines, 165 markers, length: 43559304.0
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53-Firooz:Iran
#2-Kalukantha:5ri Lanka
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344-Habiganj Borc 6:Bangladesh
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40-pam:Thailand
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Population structure analysis
1536 SNP and 44K SNP genotyping assays

5 sub-populations

indica

aus

tropical japonica
temperate japonica
aromatic (basmati)

Garris et al (2005) basmati (aromatic)

SNP, SSR and isozyme analyses recognize similar sub-populations



Phenotype-Genotype association using the 44K SNP chip

Genome wide association mapping for grain length using the subpopulation
component matrix Q (K=5) as a cofactor in the model identifies the GS3 region as
most significant
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Grain size gene GS3 also detected using 1536 SNP assays

Admixture mapping requires fewer SNPs to identify significant phenotype-genotype
associations than association mapping

Chr 1 Chr 2 Chr 3 Chr 4 Chr 5 Chr 6 Chr 7 Chr 8 Chr 9 Chr 10 Chr 11 Chr 1<

Admixture Mapping: TRJ in ADMIX

Association Mapping: mixedmodel
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Blast disease resistance associated with SNP on chr. 12
(Introgression analysis)

Pi-ta: blast resistant gene

* Originated from indica variety
* Introduced into some US rice
varieties

e Our SNP assays confirm the
blast-resistant varieties in the US
carry pi-ta functional allele

0 5 10 15



Genotype African material

OB - O. barthii
OG - 0. glaberrima

O. barthii

0.
glaberrima
50 O. Sativa controls >

(10 each subpop) 1N
| X ~ AROMATIC

IND - AUS




Breeder’s SNP chips
lumina 384-plex VeraCode technology

* In collaboration with IRRI

* Based on SNP polymorphisms between:
— Indica x indica
— Japonica X japonica
— Indica X japonica
— Wilds x japonica
— Wilds x indica
— 5 Subpopulations (Fingerprinting)



Genotyping NIL, RIL, F2, CSSL population using
SNP arrays




Re-sequencing more rice varieties

Cornell University, IRRI, JGI-JBE, USDA and some
external resources

Illumina GA Il technology (7x to 20X)

Indica, tropical japonica, temperate japonica, Aus,
aromatic, O. rufipogon

Gene Discovery
SNP pool for generating 600K SNP array



Summary

Our SNP genotyping assays can:
— Reveal genetic similarity between accessions
— |dentify F1 hybrid genotype
— Assign subpopulations
— Trace origin of introgression
— Discover SNPs contribute to agronomic traits
— Detect samples mix-up



Strategy of applying high-throughput SNP assays
for rice authentication



“Reference” varietal profiles

 The group that wants to authenticate varieties
must develop reference varietal profiles defining
the range of variations that will be classified as
“variety X”

e Because samples with same variety name or
accession id may be genetically different, deep

sampling is required to establish reference
profiles

* Our SNP platforms offer cost-effective, efficient
genotyping assays that can be easily used to
establish reference profiles
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Sample sources are different, but having same name

| | Chromosome: 4 lines, 165 markers, length: 43559304.0

4216802088_R004_C005:022-Jefferson
4303623023_R007_c007:023-Jefferson
4317275039_R004_C007:024=Jefferson (Luis)

Jefferson_628 1

| | Chromosome: @ 4 lines, 141 markers, length: 36328828.0
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Rice varietal authentication

Collect reference samples
— Multiple samples per variety from difference sources
— Designated authority recognizes “true to type”

Genotype reference samples
— SNP platforms are cost-effective
— SNP data easy to database

ldentify key phenotypic attributes

— ldentify genes/SNP haplotypes associated with key traits
(Association mapping can help)

Develop custom SNP arrays

— Targeting genes/haplotypes/subpopulation/germplasm of
interest



Rice SNP/Diversity Database

e Assemble a collection of functional SNPs and
haplotypes associated with key phenotypic
attributes

 Assemble a collection of varietal SNP profiles

1536 and 44K SNP genotype data will be released
to public

o

Phenotype

w
GATAL-\T TCGTACGGAT
GATGTTCGTACTGAT |4
GATATTCGTACGGAT
GATATTCGTACGGAT
GATGTTCGTACTGAT |4
GATGTTCGTACTGAT

Individuals with
contrasting phenotypes
1 23 456

DNA Sequence

Genetic Map —
Candidate gene




Example

Authentigene company in UK < http://www.authentigene.com/>

Basmati SNP profile

Basmati370 Derhadun Kernal P_PEB?I] | Pak 385 Pusal Sherbati éuper Taraori
Fure Bred Pure Bred Pure BredPure Bred Hybrid Hybrid Man-Bas Hybrid  Pure Bred

RICE VARIETY
LINEAGE

Are 11 SNPs enough to distinguish all Basmati and non-Basmati varieties?



Comparison of SSR and SNPs

Advantage

Disadvantage

Microsatellites (SSR)

SNPs

* Highly informative (large
number of alleles

* Low ascertainment bias
* Easy to isolate

* Easy to set up

* Very stable

* Very abundant

* Easy to score and database
* High throughput

* Lots of analytical
approaches

* Easy to make cross-study
comparisons

* High mutation rate

* Homoplasy

* Difficult to automate

* Cross-study comparisons
require special preparation
* Not easy to database

* Cost to develop

* Ascertainment bias

* Low information content of a
single SNP (bi-allelic nature),
need 5-10x SNPs for same
resolution, in terms of
diversity.

* Require statistical and
informatics support
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