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Integrating markers into breeding programs
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Sub1 PXO71 PXO99 PXO363 PXO341

Xa genes for bacterial leaf blight

Using major QTLs/genes for breeding

• QTLs and major 
genes for stress 
tolerance and disease 
resistance are known

• Flanking SSR/STS 
markers are being 
replaced with SNP 
markers for more 
efficient selection



Advantages of SNP markers

SNP site
genomic DNA

Single nucleotide polymorphism (SNP) marker

• Millions of SNP loci 
across the genome

• Most SNP markers 
are bi-allelic

• SNP data can be 
easily merged in a 
database

• Rapid high-throughput 
SNP genotyping 
systems are available

• SNP haplotypes can 
track specific alleles



Resources for SNP development in rice

OryzaSNP 

resequencing

(McNally et al 

2009 160k SNPs)

Sequencing

Genebank

(3,000 lines in first 

phase at BGI)

Rice SNP 

Consortium

(NGS on 125 lines:    

16 million SNPs)

SNP 

discovery

pools

44k SNP chip

(Zhao et al. 2011; 

Cornell University)

High resolution 

genome-wide 

genotyping

700K SNP chip

(Cornell University

and IRRI)

6K SNP chips

(Infinium, several

developed)

2,015 KASPar assays
(GCP/KBiosciences)

Custom 384-SNP sets
(IRRI, Cornell, others)

High sample 

throughput

genotyping

QTL mapping, genetic diversity 

analysis, DNA fingerprinting

Trait-based 
diagnostic 

SNP markers 
for breeding

Published 

genes, 

QTLs, and 

SNP info

MAS



SNP genotyping platforms for breeding applications

Trait-based MAS, 

Fine-mapping, 

Rapid QC scans,

Background MABC,

Diversity analysis,

QTL mapping,

SNP fingerprinting,

High-resolution 

mapping, 

Genomic selection

Infinium

6K SNP chip
5,000 SNPs

BeadXpress
384 SNPs

GBS
10k-30k SNPs

Fludigm
24 and 96 SNPs

Fragment Analyzer

or KASPar/TaqMan

SSRs/indels or SNPs



Workflow for the IRRI 

Genotyping Services Lab

DNA extraction:

Automated magnetic 

bead system
Automated DNA 

extraction

QC check:

Check DNA quality 

and concentration
DNA quality 

control

Tissue Preparation:

Leaf sampling in 96 

well format

Tissue 

harvesting 

in 96 well 

format

Data storage & 

analysis:

SNP database/tools

SNP genotyping:

Custom Fluidigm and 

Infinium sets of 24 –

4,800 SNPs

Fluidigm

24 or 96 SNPs

Infinium 6K chip



Automated leaf sampling with PlantTrak

Handheld sampling and barcode device

• Lightweight, easy to use

• Barcoding system automatically 

correlates genetic sample with plant 

location

• Increase the work efficiency while 

decreasing human error 

Magazines hold 96 leaf samples

Benchtop unloader automatically 

transfers to 96 well plates



LIMS and barcoding for lab data management

• Barcoding for 
plots/individual plants, 
tissue and DNA 
samples, SNP assays

• Integrating with web-
based Biotracker 5.0 
LIMS (Ocimum
Biosolutions)



• Fluidigm Dynamic Arrays 

provide nano-liter size 

reactions for rapid genotyping 

at a low cost per sample

96 SNPs x 96 samples

(9,216 reactions)

Fluidigm EP1 system for high sample 

throughput applications

24 SNPs x 192 samples

(4,608 reactions)

• Different sets of custom SNPs 

can be used for each chip run

• Inventory of assays being 

increased for common use



Scatter-

plot view 

for a 

single 

SNP

Well 

defined 
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classes
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No 
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Using Fluidigm® SNPtype™ Assays in rice



44K SNP chip data online

www.ricediversity.org

Zhao et al. 2011 (Nat. Comm.)



• 96-capillary Fragment Analyzer

Genotyping indel and SSR markers



Infinium 6K SNP chip from Cornell University

Custom 6K Infinium chip:

• Designed at Cornell University (M. 

Wright and Susan McCouch) from 120 

genome data + legacy BXP SNPs

• Independent design from RICE6K chip 

being used in China (Yu et al. 2013)

Preliminary data:

• 5,274 SNP loci on chip (6,000 beads)

• 4,736 SNP loci with >85% call rate

• Example polymorphism rates:

• Indica/japonica ~2,250 SNPs

• Indica/aus ~ 1,350 SNPs

• Indica/indica ~ 1,000 SNPs

1 x 24 sample format,

can process 4 chips at a time



BeadXpress

ALCHEMY

EP1™ System

SNP GENOTYPING

ANALYSIS

IRRI Galaxy

Bioinformatics Workbench

Web-based tools for user-friendly analysis

(R. Mauleon, V. Juanillas, IRRI)

SNP data analysis workflow

POWERMARKER

Diversity analysis

TASSEL

Association 
Analysis

FLAPJACK

Graphical Genotypes

QGENE

QTL Mapping



• Molecular Breeding 

course

Case studies in using markers 

to accelerate breeding efforts, 

including SNP genotyping.

September 2014

Training and capacity building at IRRI 

for molecular breeding in rice

• SNP Data Analysis Course

SNPs for genetic diversity analysis, 

QTL mapping, graphical genotyping, 

association mapping and MAS.

May 2014

www.training.irri.org



http://gsl.irri.org



Genotyping services available 

for HRDC members for 2014

• DNA extraction

• Fragment Analyzer

• Indel and SSR markers

• Fluidigm SNP genotyping

• 288 SNP polymorphism survey

• 24 and 96 SNPs (flexible sets)

• Infinium rice 6K SNP chip:

• Approx. 4,800 SNPs (fixed set)

Note: The BeadXpress 384-SNP sets have been phased out and are not 

available for 2014 genotyping

http://gsl.irri.org



Genotyping prices for 2014

Note: prices subject to final approval and may change without notice; 

There are additional surcharges to test and optimize custom Fluidigm SNP sets

http://gsl.irri.org



Note: prices subject to final approval and may change without notice; 

There are additional surcharges to test and optimize custom Fluidigm SNP sets

http://gsl.irri.org

Genotyping prices for 2014
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