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Glutinous rice is the stable food crop for Lao people, and the favoured of these
are aromatic types, in particular, Hom Nang Nouane (HNN) and Kai Noy Leuang
(KNL). KNL and HNN are traditional varieties, and both are low yielding. The rice
improvement programs of Lao need to combine quality traits of these traditional
varieties with higher yielding improved glutinous varieties such as Thasano 1 (TSN 1)
and Thadokham 1 (TDK 1). Development of such varieties could lead to export
opportunities and have significant economic and social impact, especially for Lao rice
farmers. The study aims to determine the best improved variety to be the
agronomically adapted background for mapping populations, develop mapping
populations to find the compounds in the pathway of aroma, determine the
compounds in the grains of each that distinguish the varieties and that contribute to
unique metabolomic profiles and taste/flavour profiles, attempt to identify the
biochemical pathway leading to 2 acetyl-1-pyrroline (2AP) and identify the genetic
basis of aroma in KNL. First, a nitrogen (N) experiment was conducted using four
varieties: HNN, KNL, TSN 1 and TDK 1 to compare the effect of management and
environmental conditions on yield and grain quality: aroma (2AP), protein,
gelatinisation temperature, texture and viscosity and to select the better variety as the
recurrent parent for the populations required to meet the next objectives (Chapter III).
The parents of the populations to be developed — TSN 1 as the recurrent and HNN and
KNL as donors — were fully characterised for grain quality. Commonly used quality
evaluation tools could not discriminate between the three varieties. However,
metabolomic profiling of polar primary metabolites, volatiles and minerals were all
able to discriminate between the three varieties, and provided unique metabolomic

signatures for each, which consisted of compounds with taste, flavour or nutritional
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properties (Chapter IV). Two populations were created, using TSN 1 as the recurrent
parent for both. At each generation, only those detected to be aromatic were
backcrossed again. The populations were progressed through four generations until
BC,4F,. The HNN population was created to find compounds in the pathway of aroma,
and the KNL population was created to find the genetic basis of aroma in KNL. Two
other populations were created: one derived from TSN 1 and KNL that was grown to
F, for testing the genetic hypothesis (Chapter VII), and one between HNN and KNL,
progressed to Fs to test the phenotypic hypothesis that aroma from the KNL gene was
higher than the common mutation that leads to aroma, and is found in HNN.

The HNN BC,4F; population was used to find the fragrance pathway. After
Single Nucleotide Polymorphism (SNP) genotyping, five lines that carried the
fragrance gene and the least background introgression were selected. Metabolite
profiling was carried out, and various compounds were found and suggested that
aroma is a side-effect of putrescine degradation, allowing the polyamine to continue
to be oxidised by removing the negative feedback inhibition and acetylating the
product of putrescine oxidation, forming 2AP, the fragrance compound.

KNL contains high amount of 2AP compared to other Lao varieties, and has
high retention of 2-acetyl-1-pyrroline (2AP). Mapping experiments on KNL isogenic
lines using Illumina BeadXpress 384-SNP assay lead to the discovery of a major QTL
in chromosome 8 right on top of Betaine aldehyde dehydrogenase 2 (BADH?2) gene —
the same gene previously reported to be responsible for fragrance. Sequencing of the
BADH? gene in KNL revealed an 806 bp deletion that spans exon 4 to exon 5. The
deletion causes a premature stop codon rendering the BADH?2 protein nonfunctional.
Allele specific markers were designed for the new allele and these were used on the
F, population to associate presence of 2AP in leaves with the large deletion. The
markers were then used on the Fs population to select 100 lines with the KNL allele
and 100 with the HNN allele. These were grown and 2AP content of the grain
measured. Those with the KNL allele reproducibly contained 50% more 2AP than
those with the HNN allele.

As a result of this work, a new and valuable allele of aroma has been found,
and new populations have been made for Lao, which will lead to the release of new

varieties. The new fragrance allele originates from japonica, but through this thesis,
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it has been transferred to indica germplasm also. Therefore, the new allele is available

in both major germplasm classes and markers to track it in a population have also

been developed.
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the Fragrance gene but with most of the TSN 1 genome.
Regions of HNN Introgression are mostly heterozygotic (red).
B: SNP map of the same lines at BC4F4 showing HNN
introgression only at a region on chromosome 8 (blue). C: the
presence of the badh?2 allele in the five introgression lines and
BADH? in the recurrent parent, TSN 1

PCA of volatile compounds (A) and polar metabolites (B)

A: 2AP content of KNL vs other Laos traditional fragrant
variety, HNN. 7.1 B: 2AP content of KNL and HNN upon
storage. Decrease over time is not significant KNL, but is for
HNN LSD 5%.

KNL introgression in chromosome 8 of fragrant lines. Yellow
segments are from TSN 1, blue is from KNL, red are

heterozygotes and gray means no data
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