QTL MAPPING: DEFINITION AND CASE
TUDIES




Definition of QTL

QTLs are genes whose phenotypic effects show a continuous

range of variation in a3 population and is more or less normally

distributed

A quantitative trait locus/loci (QTL) 1s the location of individual
locus or multiple loci in the genome that affects a trait that is

measured on a quantitative (linear) scale.

Examples of quantitative traits are:
- Plant height (measured on a ruler)

- Gram yield (measured on a balance)




QTL Mapping:
v' The process of constructing linkage maps and conducting QTL analysis
l.e. to identify genomic regions associated with traits is known as QTL
mapping.
v" |dentification and location of polygenes or QTL by use of DNA markers.
v It involves testing DNA markers throughout the genome for the

likelihood that they are associated with a QTL.

d Principles of QTL mapping
v Genes and markers segregate via chromosome recombination during

meiosis, thus allowing their analysis in the progeny.

v'The detection of association between phenotype and genotype of markers.
v'QTL analysis depends on the linkage disequilibrium.

v'QTL analysis is usually undertaken in segregating mapping populations.



PREREQUISITES FOR QTL MAPPING

Availability of a good linkage map (this can be done
at the same time the QTL mapping)

A segregating population derived from parents that differ
for the trait(s) of interest, and which allow for replication
of each segregant, so that phenotype can be measured
with precision (such as RILs or DHs)

A good assay for the trait(s) of interest
Software available for analyses

Molecular Markers
Sophisticated Laboratory




Summary of QTL analysis

| 1
l

Recombinant Inbred Lines

Parent 1 I‘qu:

(RILs,F2,F3,Doubled Haploid Lines)

Genotype with ("\

B D Myutﬂtﬁtafnrm

Y line
Link trart data wath marker data
- Mapping software

Trait QTL mapped at bottom of
small chromosome

QTL




RESEARCH ARTICLE

Mapping QTLs for Salt Tolerance in Rice
(Oryza sativa L.) by Bulked Segregant
Analysis of Recombinant Inbred Lines Using
50K SNP Chip

Sushma Tiwari', Krishnamurthy SL**, Vinod Kumar’, Balwant Singh', AR Rao’,
Amitha Mithra SV', Vandna Rai', Ashok K. Singh*, Nagendra K. Singh'*

1 National Research Centre on Plant Biotechnology, Pusa Campus, New Delhi, India, 2 Central Soil Salinity
Research Institute, Kamal, India, 3 Indian Agricultural Statistics Research Institute, New Delhi, India,
4 Division of Genetics, Indian Agricultural Research Institute, New Delhi, India




Table 2. Variation for salt stress susceptibility index for different traits among 216 RILs derived from CSR11/MI48 over 3 seasons.

Traits CSR11 Mi48 Range RILs

HS Mean £ SE HS Mean £ SE HS SE
SSIDFF 146 089 1174002 153 182 1524002 04810257 007275 009
39IPH 0.70 0.93 0.8140.12 1.26 1.0 1.16¢0.16 0.44-1.81 0.67-1.46 0.06
SSIPL 073 097 085013 120 098 1064013 0.30-1.90 050-153  0M
S8ITT 088 082 084014 47 118 110020 017 0304 051228 (005
SSIPT 0.65 0.77 0.7140.19 097 097 0.9710.27 02910197 0.36-1,63 0.05
S8IsW 060 05 0.5640.14 108 1.14 1.1140.12 0.25-1.71 044-1.70 0.09
S55IGGP 021 061 0.41£0.13 1.00 1.08 1.0440.15 0.29-180 063137 0.11
SSISF 036 047 0414011 125 10 1.13t0.15 0.02-266 033190 O
S5IGY 04 075 058025 124 102 1131024 0.32-162 0.71-1.16 0.09

551, Stress suscepible index; DFF, Days to 50% flowering; PH, Plant height; PL, Panicle length; TT, Totaliles per plant; PT, Productive illers per plant;
SW, 1000 grain weight; GPP, Grains per panicle; SF, Spikelet fertlty: GY, Grain yield per plant; N, Normal: MS, Moderate sodic stess; HS, High sodic

slress; RILs, Recombinant inbred lines
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CORRELATION COEFFICIENTS OF YIELD AND YIELD COMPONENT TRAITS WITH SSI

FOR GRAIN YIELD UNDER NORMAL, MODERATE AND HIGH SODICITY REGIMES IN

CSR11/M148 RILs.
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PH, Plant height; PL. Panicle length; TT, Total tillers per plant; PT, Productive tillers per plant; SW, 1000 grain weight; GPP, Grains per panicle; 5F,

Spikedet ferhlity; 551, Stress susceptible ndex; GY, Grain yield per plant; N, Normal; MS, Moderate sodic siress; HS, High sodic stress; Rils,

Recombinant mbred lines;

* and ** significant at 0.1 and 0.5 level respectively



ANALYSIS OF HETEROGENEOUS LOCI IN DIFFERENT RIL POOL SIZES AND MIXTURE OF
PARENTAL DNA SAMPLES USING 50K SNP CHIP
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(Genomic DNA from 10 to 50 individual RILs of CSR11/MI48 mapping population were\
pooled in equal amounts, with higher pools including all the RILs of lower pools for

the analysis of allele heterogeneity (Redline). Computational expectations on

Bootstrap analysis of the pools of 10 to 50 lines, showing successive increase in

heterogeneity upto 94% (Greenline).

Observed heteroaeneitvy with mixina of aenomic DNA from the two parental lines in the




QTL POSITIONS IDENTIFIED IN CSRZ7/MT48 POPULATION B_B'SFA—LLY USING
50K SNP cHIP
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OUTCOME:

« Study out of 34 QTLs of CSR27/MI48 population five
QTLs were reported earlier in the and found 29 novel
QTL regions on rice chromosomes 1,2,3,5,6,9,11 and
12 due to dense SNP map of polymorphic locus
covering all regions of the genome.

« Earlier highest 41 QTLs have been reported by Ghomi
et al, on all the 12 rice chromosomes for salinity
tolerance at seedling stage in rice.

 There are several reports on QTL mapping for salt
stress by SSR genotyping on whole population in rice
but no one has done QTL mapping by BSA approach
for salt stress in rice.lt gives clear picture that QTL
mapping effective in identification of tolerant alleles.







