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In Sri Lankan rice breeding programs 

Outline 
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Half of the world consume RICE as 
staple food 
World annual rice production is 
over 700 Million metric tons 
Demand increasing

Introduction

(Ali 2006; FAO, 2018; Muthayyaet al. 2014)2



Rice cultivation in Sri Lanka

1.8 Million farming families 

Introduction

USD 400 million import rice

Annual demand is 3 million metric tons

Production is 2.3 million metric tons

(Central Bank, 2017, 2018; RRDI 2919)3



Stresses on RICEcultivation

Drought
Irregular rain fall
Climatic changes
Salinity

Pest and diseases
Blast disease
Brown plant hopper
Bacteria leaf blight

Introduction

(RRDI 2019, Dharmarathnaet al. 2014, Dhanapala 2007, Mackill 1996)4



Breeding is crucial for high yield and 
stress resilient rice variety production

Varietal Improvement by breeding 

Conventional 
Breeding methods 

Molecular 
Breeding methods 

Introduction

(Duvick1984)

Marker-assisted breeding | Marker- assisted selection 
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Most important step of a breeding program is,

Breeding Decision -Making 

Introduction

(Acquaah 2012,Ragot et al. 2018)6



To organize all information in breeding decisioning 
needs data organization and visualization tool

Using haphazardly collected data in field note books
5ŜǇŜƴŘǎ ƻƴ ōǊŜŜŘŜǊΩǎ ŘŜǎƛǊŜ
Conducting in disorganized manner 
Lot of subjectivism 

Introduction

The current practices on parental selection and 
Selection method identification are,
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It needs,

Pedimap

Introduction

Able to access the large pool of genetic and 
phenotypic data quickly and generate pedigrees

(Vooripset al. 2012)8



Data and pedigree visualization software
Alsocan be used as database  

Can be used to visualize: 
Pedigree data/ Parentage
Qualitative and quantitative data
Marker alleles 
Calculate IBD (identity by descent) probabilities

RosBREEDproject/ HIDRASproject previously used this 

Introduction

Pedimap

(Peace et al. 2014; Rosyaraet al, 2013; Evans et al, 2012;
Vooripset al. 2012)9



Introduction

Objectives

Toorganize the information of the released varieties and the 
parental genotypes of RRDI breeding programs as a Pedimap 
database: as aspeedy breeding decision-making tool in Rice 
breeding programs

To identifythe DNA marker polymorphism to use in marker-
assisted selections (MAS)
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Materials and Methods
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1. Collection of Plant materials

2. DNA extraction

Materials & Methods

Using Dneasy® plant mini kit (Qiagen, Solna, Sweden)

3. PCR and DNA marker analysis

K29 Seq 7-8 RM 463

(Chin et al. 2010; Hu et al. 2015; Lu et al. 2012) 12



4. Data curation

Parentage
Qualitative and quantitative data
Marker alleles 
Calculated IBD (identity by descent) probabilities

Materials & Methods

5. Pedimap Procedure
A Pedimapinput datafile iscreatedin MSExcel(2019). Theinput
file contains four main subdivisions; header, pedigree,marker
data,andIBDprobabilitysection

(Voorips2007 and Vooripset al. 2012)13



Pedimap in-put file structure

Materials & Methods

Figure1 The input data file structure of
the Pedimapdatabase; Theinput file was
created as an MS Excel worksheet,
containsfour mainsections. A: Header,B:
Pedigree, C: Marker data, D: IBD
probabilities. A: Essential elements in
header are highlighted in blue color (i)
abbreviations for missing data (i.e.,
unknown ). (ii) Total number of Null-
alleles. B: Theessentialsarehighlightedin
orange. (iii) Missing values were
accepted. (vi) Qualitativeandquantitative
data.

Pedimap procedure cont.

(Voorips2007 and Vooripset al. 2012)14



Materials & Methods

Figure1 cont.

Figure1 cont. C: Marker data sectioncontainslinkage
map information for all availablemarkersand marker
scores. (v) Each linkage group should be cited
separatelyin ascendingorder. (vi) IBDprobabilitiesfor
each locus (vii) The additional column for color
specifications. D: IBD probabilities for each allele is
entered separately. (viii) Maternal probability and (ix)
paternal probability are entered and separatedby a
column. Thefinal file mustbe savedasa tab-delimited
text (.txt) file.

(Voorips2007 and Vooripset al. 2012)15

Pedimap procedure cont.



6. Illustration of the applicability of Pedimap in the 
breeding decision-making process

Materials & Methods

1. White pericarp
2. Yield > 3.5mt/ha
3. BPH resistance 
4. <135 days of maturity
5. Grain shape

Example 1

White pericarp
Yield > 3.5mt/ha
BPH resistance 
Maturity of <135 days of 
Intermediate bold grains

Select parents for,

1. White pericarp
2. Yield > 3.5mt/ha
3. BPH resistance 
4. <135 days of maturity
5. Grain shape

Example 2

Phosphorus deficiency 
tolerant (PDT)
Yield > 5mt/ha
BPH and Blast resistance 
Maturity of 90 -150 days
Higher amylose content

Select parents and plan cross for,
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DNA Marker analysis

Results and Discussion

Figure 2 The polymorphism of
three co-dominant DNA markers;
K29, Seq 7-8, and RM463 in 90
rice cultivars. The band sizesare
indicated at the left side of the
Figure, and the DNA marker
namesare mentionedon the right
side. Thecultivar namesare given
at the top.

K29and Seq 7-8 shows marker 
polymorphism, while RM463is 
monomorphic for all the rice 

varieties 
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Pedimap procedure

Å Data for all 86 RRDI released rice varieties were 
collected

Å Pedimap input file was constructed with, 

Å Applicability of Pedimap in breeding decisioning 
is demonstrated using the example problems

Results and Discussion 
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P

Results and Discussion 

Figure 3 The pedigree visualization for
parental selection with white pericarp,
yieldҗ3.5 mt/ha, moderateor complete
BPH resistance,maturity period Җ125
days, and diverse grain shapes. The
selectedpedigreeis coloredseparatelyfor
four traits. A: Yield; B: Degree of
resistanceto brown planthopper(BPH); C:
Maturity period; D: Grainshape.

CŜƳŀƭŜ ŀƴŘ ƳŀƭŜ ǇŀǊŜƴǘŀƎŜǎ ŀǊŜ ƛƴŘƛŎŀǘŜŘ ōȅ ǊŜŘ ŀƴŘ ǇǳǊǇƭŜ ƭƛƴŜǎΣ ǊŜǎǇŜŎǘƛǾŜƭȅΦ ¢ƘŜ ǎȅƳōƻƭ Ψ×Ω ƛƴŘƛŎŀǘŜǎ ǘƘŜ ŎǊƻǎǎ ōŜǘǿŜŜƴ ǘǿƻ ǇŀǊŜƴǘǎΦ 
The background colors of the cultivar-name boxes indicate the trait values, as shown in the colored legends below.

Example 1

19

Parents for,
ÅWhite pericarp 
Åhigh yield,
Åless maturity period, 
ÅBPH resistance
Åintermediate bold grains



Example 1 cont.
Results and Discussion 
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Results and Discussion 

Example 2

Figure 4 The pedigree visualization for
select parent rice varieties with
phosphorusdeficiencytolerance,yieldҗ5
mt/ha, moderate or complete BPHand
Blastresistance,maturity period between
90-120days,andgrainswith highamylose
content). The selected pedigree is
coloredseparatelyfor sixtraits. A: PDT; B:
Yield; C: Maturity period; D: Degree of
resistanceto BPH; E: Degreeof resistance
to BLAST; F: Amylosecontent.

CŜƳŀƭŜ ŀƴŘ ƳŀƭŜ ǇŀǊŜƴǘŀƎŜǎ ŀǊŜ ƛƴŘƛŎŀǘŜŘ ōȅ ǊŜŘ ŀƴŘ ǇǳǊǇƭŜ ƭƛƴŜǎΣ ǊŜǎǇŜŎǘƛǾŜƭȅΦ ¢ƘŜ ǎȅƳōƻƭ Ψ×Ω ƛƴŘƛŎŀǘŜǎ ǘƘŜ ŎǊƻǎǎ ōŜǘǿŜŜƴ ǘǿƻ ǇŀǊŜƴǘǎΦ ¢ƘŜ ōŀŎƪƎǊƻǳƴŘ ŎƻƭƻǊǎ ƻŦ ǘƘŜ 
cultivar-name boxes indicate the trait values, as shown in the colored legends below.
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Parents for,
ÅPDT
Åhigh yield,
Åless maturity period, 
ÅBPH resistance
ÅBlast Resistance
Åintermediate bold grains



Results and Discussion 

Figure4 cont. The pedigreevisualization
for the selectionof parent rice varieties
with phosphorus deficiency tolerance,
yield җ5 mt/ha, moderate or complete
BPHand Blastresistance,maturity period
between 90-120 days, and grains with
high amylose content). The selected
pedigree is colored separately for six
traits. A: PDT; B: Yield; C: Maturity period;
D: Degreeof resistanceto BPH; E: Degree
of resistance to BLAST; F: Amylose
content.

CŜƳŀƭŜ ŀƴŘ ƳŀƭŜ ǇŀǊŜƴǘŀƎŜǎ ŀǊŜ ƛƴŘƛŎŀǘŜŘ ōȅ ǊŜŘ ŀƴŘ ǇǳǊǇƭŜ ƭƛƴŜǎΣ ǊŜǎǇŜŎǘƛǾŜƭȅΦ ¢ƘŜ ǎȅƳōƻƭ Ψ×Ω ƛƴŘƛŎŀǘŜǎ ǘƘŜ ŎǊƻǎǎ ōŜǘǿŜŜƴ ǘǿƻ ǇŀǊŜƴǘǎΦ ¢ƘŜ ōŀŎƪƎǊƻǳƴŘ ŎƻƭƻǊǎ ƻŦ ǘƘŜ 
cultivar-name boxes indicate the trait values, as shown in the colored legends below.

Example 2 cont.
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Example 2 cont.
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Results and Discussion 

Phase 1: 
Planning cross between At362 and Bg250. 

Figure 5 The pedigree visualizationfor planning a crossingscheme.
Phase1: Initial crossingof At362 and Bg250 and pedigreeselectionto
obtainRILswithҗ5.0 mt/ha of meanyield,Җ105dayof maturity period,
resistantto BPH,moderatelyresistantto blastandhighlevelof amylose
content

Example 2 cont.

Progenycontainsexpectedtraits
exceptcompleteBlastresistance
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Results and Discussion 
Phase 2

Figure5 Cont. Thepedigreevisualizationfor planninga crossingscheme.
Phase2: Thenbackcrossingwith Bg252asthe donor parent to introgress
the blastresistancein to the phase1 progeny

Example 2 cont.

Phase 2: 
Cross between At362 x Bg250 progeny and Bg252. 

The obtained progenyfrom phase
1 is subjectedto backcrossingwith
Bg252 to introgress alleles for
completeBlastresistance.
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Results and Discussion 

Figure6 Visualizationof selectedmarker genotypesand Identical by Descent(IBD). A:
Marker alleles. The allelesof the DNAmarkersK29-N, K41, K48, and K5-N are given in
vertical order.; B: IBDprobabilitiesof four Pup1 linked markers(on chromosome12 at
about 55 cM). Sincethe cultivar linkagemapsare not available,we assumed0.1 cM gap
betweenadjacentmarkersfor the representationof IBDvalues.

Example 2 cont.
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The results highlight that, 

Pedimap like tools are essential to work with a large 
mapping population

Sequencing and SNP data also can also be include

The successful, efficient and easy understandable 
substituent for highly complex tables for the breeders

Easy to prepare the database

Multiple traits introgression can be planned 

Results and Discussion 
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Efficient data handing mode without subjectivism, and 
decisioning is fully scientific

Can edit, customize according to breeders desire 

For RRDI, this can use as database

Retirements of breeders and their replacements are no more 
trouble

Results and Discussion 

The results highlight that, (Cont.) 
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The pedigree visualizationfor phenotypic and molecular
data using Pedimap is user-friendly for rice breeding-
decisioningwith higheraccuracyandresourceoptimization.

The Pedimapcan be applied as a decision-making tool to
streamline the rice breeding programs in Sri Lanka.

Anaccuratecharacterizationof the breedinggermplasmfor
phenotypicand moleculardata is the critical prior step to
harnessthe valueof Pedimapfor breeding.

Conclusions
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Future Directions
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