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The Generation Challenge Program (GCP) - Genotyping Support Services assists developing country institutes in 
applying molecular marker technology for crop improvement. GCP engaged IRRI as an expert genotyping services 
provider responsible for legal and phytosanitary requirements for shipment of rice DNA, for genotyping of samples, and 
for providing the client institution and GCP with the data generated from the services described in each work order. As 
host agent for GCP, CIMMYT provides information on the client institution and the marker data for use in genotyping. 
Two work orders from the China National Rice Research Institute (CNRRI) and the Crops Research Institute in Ghana, 
respectively, are currently in place to screen a breeding population for the presence of Xa7 and Xa21 bacterial blight 
resistance genes and Rf3 and Rf4 fertility restorer genes, and analyze the genetic diversity of African rice germplasm. In 
the pipeline is the genotyping of CBSN-derived indica x indica lines from India. With these initial work orders, we hope to 
provide GCP with feedback on the logistics needed to complete each work order efficiently and effectively – from getting 
the DNA to IRRI, and the data back to the client and GCP. Similarly, IRRI will learn what it takes to provide genotyping 
services to partners and collaborators.

Two work orders (WO) are in progress: 
(1) screening a breeding population for 
bacterial blight resistance genes Xa7
and Xa21 and for fertility restorer genes 
Rf3 andRf4, based on a request by 
CNRRI and, (2) analyzing the genetic 
diversity of African rice germplasm, 
requested by the Crops Research 
Institute, Ghana (Table 1). In the 
pipeline is a project from India for 
genotyping CBSN-derived indica x 
indica lines. 
Total compensation,  has  been obtained through competitive 
cost estimate, is based on the number of samples and 
markers analyzed for each WO.

Paper work – An Import Permit needs to be secured by IRRI 
from the Philippines’ Bureau of Plant Industry Quarantine 
Office containing the required details of the samples to be 
imported. The client institution should provide a Phytosanitary 
Certificate issued by the authorized Plant Quarantine Officer 
of the country of origin which is enclosed with the DNA 
package during transport.
DNA quality - IRRI provides a protocol for the extraction of 
DNA suitable for Polymerase Chain Reaction (PCR) as well 
as a procedure for checking the quality of the DNA. This is to 
ensure that IRRI receives uniform concentrations of the DNA 
and is PCR-ready. This will prevent any delays in the 
genotyping analysis. 

The WO from CNRRI includes 625 lines in 5 replicates for a total
of 3125. Upon arrival at IRRI, the DNA quality and concentration
of each sample was checked. This showed that the DNA 
concentration of the samples was highly variable. Extracted 
using a kit, the 122 genetic materials from Ghana showed better 
quality and uniformity in concentration as expected. (Fig. 2)

The genotyping analysis in 
each WO is defined by the 
client institution in 
consultation with IRRI and 
GCP. A GSS contract can 
be used for marker-assisted 
selection such as the work 
order from CNRRI, China 
(Fig. 1 - yellow highlight 
signifies genotyping step 
supported by the GSS – and
Tables 1 & 3), or provide 
support for genetic diversity 
studies as in the case of the 
work order from the Crops 
Research Institute, Ghana.

Marker Linked 
gene Primer sequence Approximate 

band size

Percent gel 
separation 

(%)

Source and 
references

F   5’ATAGCAACTGATTGCTTGG 3’ 1.4 kb (IRBB21)
R  5′CGATCGGTATAACAGCAAAAC 3′ 1.3 kb (IR24)
F 5′CGATCTTACTGGCTCTGCAACTCTGT 3′ 294 bp (IRBB7)
R 5′GCATGTCTGTGTCGATTCGTCCGTACGA 3′ 1170 bp (IR24)
F 5′CCT CAG GTA TTT TGT TAG CT 3′ 1.25 kb
R 5′ACA CCA CCA TAT GCC CAT GC 3′ Pvu II digested
F 5′AACAATCTTATCCTGCACAGACTG 3′ 138/207 bp
F 5′GTCACATAGAAGCAGATGGGTTCC 3′ Bst UI digested

S10019 Rf4 Agarose , 2.0 Sattari (2004)

RG140 Rf3 Agarose , 2.0 GAMMA, IRRI

M5 Xa7 Agarose, 2.0 Porter et al. 
(2003) 

Xa21 Xa21 Agarose, 
1.0–1.5

Wang et al. 
(1998) 

Table 3. Marker information used in the work order 
of CNRRI, China

Shipping DNA - DNA samples should be dried prior to 
shipment to protect DNA from degradation during transport. 
Instructions on re-solution of the DNA should be provided by 
the client institution to IRRI.

Generation
1International Rice Research Institute, Philippines, 2Generation Challenge Program, CIMMYT, 
Mexico 3China National Rice Research Institute, China, 4Crops Research Institute, Kumasi, 
Ghana 5Tamil Nadu Agricultural University, Tamil Nadu, India

From the CNRRI WO, 2380 samples so far have been 
genotyped for Xa7 and Xa21 genes. Genotyping for Rf3 and 
Rf4 genes is underway. A preliminary run of a subset of the 
122 lines from the WO from Ghana was also done using 10 
SSR markers. Sample gels

Delivery of results is specified in each work order but may 
change after a written agreement from GCP.

Table 2. Requirements for pre-shipment, shipment, and post-shipment of DNA from 
client institute to IRRI 

Two major factors have been identified as key to process the work 
orders efficiently and effectively:

1.Comply with all the necessary  requirements (i.e. permits, 
clearances, protocols) and consider the amount of time needed to
process all of them in the overall timing/schedule of each work 
order (Table2).

2.Clients should provide DNA samples that are PCR ready - good 
quality, uniform in concentration, and in microplate format (for 
>200 samples).

Table 4. Forty Rice SSR markers (GCP Project 
Number 2005-01g, Genotyping composite 
collections, Tier 1, rice ) to be used in work 
order from Ghana

Marker Chrom# Position_cM Forward Primer Reverse Primer Min_Allele Max_Allele
OSR13 3 53.1 catttgtgcgtcacggagta agccacagcgcccatctctc 90 130
RM118 7 96.9 ccaatcggagccaccggagagc cacatcctccagcgacgccgag 106 166
RM124 4 150.1 atcgtctgcgttgcggctgctg catggatcaccgagctcccccc 261 304
RM125 7 24.8 atcagcagccatggcagcgacc aggggatcatgtgccgaaggcc 91 151
RM133 6 0 ttggattgttttgctggctcgc ggaacacggggtcggaagcgac 224 254
RM152 8 9.4 gaaaccaccacacctcaccg ccgtagaccttcttgaagtag 107 159
RM154 2 4.8 accctctccgcctcgcctcctc ctcctcctcctgcgaccgctcc 106 234
RM161 5 96.9 tgcagatgagaagcggcgcctc tgtgtcatcagacggcgctccg 116 199
RM162 6 108.3 gccagcaaaaccagggatccgg caaggtcttgtgcggcttgcgg 130 250
RM215 9 99.4 caaaatggagcagcaagagc tgagcacctccttctctgtag 126 161
RM237 1 115.2 caaatcccgactgctgtcc tgggaagagagcactacagc 113 156
RM271 10 59.4 tcagatctacaattccatcc tcggtgagacctagagagcc 65 122
RM277 12 57.2 cggtcaaatcatcacctgac caaggcttgcaagggaag 108 126
RM283 1 31.4 gtctacatgtacccttgttggg cggcatgagagtctgtgatg 104 168
RM284 8 83.7 atctctgatactccatccatcc cctgtacgttgatccgaagc 126 154
RM316 9 1.8 ctagttgggcatacgatggc acgcttatatgttacgtcaac 114 222
RM338 3 108.4 cacaggagcaggagaagagc ggcaaaccgatcactcagtc 163 194
RM408 8 0 caacgagctaacttccgtcc actgctacttgggtagctgacc 109 133
RM413 5 26.7 ggcgattcttggatgaagag tccccaccaatcttgtcttc 65 115
RM431 1 178.3 tcctgcgaactgaagagttg agagcaaaaccctggttcac 226 262
RM433 8 116 tgcgctgaactaaacacagc agacaaacctggccattcac 215 239
RM44 8 60.9 acgggcaatccgaacaacc tcgggaaaacctaccctacc 87 137
RM447 8 124.6 cccttgtgctgtctcctctc acgggcttcttctccttctc 96 154
RM452 2 58.4 ctgatcgagagcgttaaggg gggatcaaaccacgtttctg 193 215
RM455 7 65.7 aacaacccaccacctgtctc agaaggaaaagggctcgatc 101 147
RM484 10 97.3 tctccctcctcaccattgtc tgctgccctctctctctctc 289 303
RM495 1 2.8 aatccaaggtgcagagatgg caacgatgacgaacacaacc 111 167
RM507 5 0 cttaagctccagccgaaatg ctcaccctcatcatcgcc 231 266
RM514 3 216.4 agattgatctcccattcccc cacgagcatattactagtgg 233 275
RM536 11 55.1 tctctcctcttgtttggctc acacaccaacacgaccacac 206 248
RM287 11 68.6 ttccctgttaagagagaaatc gtgtatttggtgaaagcaac 80 119
RM312 1 71.6 gtatgcatatttgataagag aagtcaccgagtttaccttc 80 106
RM25 8 52.2 ggaaagaatgatcttttcatgg ctaccatcaaaaccaatgttc 120 164
RM1227 12 109.2 CATGGTAGCACACACCCTTG CATCGACATGTGGACCACTC
RM105 9 32.1 gtcgtcgacccatcggagccac tggtcgaggtggggatcgggtc 63 149
RM11 7 47 tctcctcttcccccgatc atagcgggcgaggcttag 115 151
RM171 10 73 aacgcgaggacacgtacttac acgagatacgtacgcctttg 306 352
RM510 6 20.8 aaccggattagtttctcgcc tgaggacgacgagcagattc 83 131
RM474 10 0 aagatgtacgggtggcattc tatgagctggtgagcaatgg 195 280
RM5 1 94.9 tgcaacttctagctgctcga gcatccgatcttgatggg 84 149

Table 1. Summary of work orders in place and in the pipeline.
Work Order Genetic Materials Samples (no.) Services required Application

J. Wu – China Parental and Fn 

progeny lines
625 DNA in 5 

replicates
Genotyping for Xa7, Xa21, 
Rf3 and Rf4

Marker-
assisted 
selection 

M. D. Asante – 
Africa

Rice germplasm 
collection of CRI, 
Kumasi, Ghana

122 Genotyping for genetic 
diversity using 40 SSR type 
markers

Genetic 
diversity 
analysis

S. Manonmani – 
India

CBSN derived indica 
x indica lines

500 Genotyping for Rf3  and Rf4 
and Waxy genes (oligos 
Wx484 and Wx485)

Marker-
assisted 
selection 

Requirement IRRI Client Institute Remarks
Pre-shipment Apply for a Philippine Import Permit 

(PIP) 
Apply for a  Phytosanitary 
Certificate (PC) issued by the 
authorized Plant Quarantine Officer

PIP application 2-3 
weeks before 
expected arrival of 
samples

Send a copy of PIP to client, keep 
original 

Give list of materials to IRRI

DNA quality 
assurance

Send protocols for DNA extraction and 
DNA quality check to client

DNA extraction and quality check 
should be based on protocol sent by 
IRRI

Shipment of 
DNA

Prepare Tax Exemption Certificate 
(TEC) for Customs clearane

PC, copy of PIP and list of materials 
should be included in shipment

Shipment may take 3-
4 days

Send DNA samples dried down to 
prevent degradation; instructions on 
re-solution of the DNA should be 
provided to IRRI. 

Clearance processing 
time at customs 
varies; may take 
longer than expected

Upon receipt of 
DNA

DNA to pass through IRRI Seed Health 
Unit (SHU) for inspection by Philippine 
Quarantine Services  officer, need 
original copy of PIP

Will take 2-3 days due 
to quarantine officer's 
fixed schedule of visit 
to IRRI

Electronic DNA list uploaded in SHU 
shareportal and central database
Genotyping services as specified in 
Work Order commence
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Based on the genotyping results on the 4 genes at IRRI, targeted restorer 
lines will be chosen and crossed to CMS lines. Hybrids will be tested for 
performance on BB resistance, seed-setting and yield in one location in 
preparation for multi-location trial.

2009

F5

Based on the genotyping results on the 4 genes at IRRI, targeted restorer 
lines will be chosen and crossed to CMS lines. Hybrids will be tested for 
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Fig. 1 Breeding scheme for BB R restorer lines at Fig. 1 Breeding scheme for BB R restorer lines at 
CNRRI, ChinaCNRRI, China

Reference: Garris AJ, Tai TH, Coburn J, Kresovich S, and McCouch SR. 2005. 
Genetic structure and diversity in Oryza sativa L. Genetics 169:1631-1638 

Fig. 2 Quality check of DNA using 1% agarose gels. A) WO from CNRRI 
and B) WO from Ghana

A

B

Fig 3. Samples of genotyping gels 
(A) WO from CNNRI (B) WO from 
Ghana.

A

B

are shown in Figure 3.


