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ABSTRACT

Thailand lies partly in the center of diversity and domestication of rice, the
primary gene pool of which is composed of 3 sympatrical and interacting
components, namely the common wild rice (O. rufipogon Griff.), the weedy form (O.
sativa f spontanea) and the cultivated rice (O. sativa L.). The cultivated rice includes
landraces or local varieties which are kept by indigenous farmers and grown in
traditional agricultural systems mostly for family consumption, as well as modern
elite varieties. All three components of the primary gene pool, namely the common
wild rice, weedy form, and cultivated rice are covered in this study, which set out to
examine the evolutionary and domestication process that still goes on in the rice gene
pool of Thailand. The specific objectives of the study were (1) to assess genetic
diversity and population structure of Oryza sativa primary gene pool in Thailand, (2)
to demonstrate what evolutionary forces play an important rule in dynamics of the
complex of Oryza sativa primary gene pool in its agricultural ecosystem, (3) to

determine the origin of widespread invasive weedy rice in various areas in Thailand,
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(4) to assess genetic diversity and population structure of landraces rice germplasm,
and (5) to demonstrate how farmers’ managements influenced genetic diversity and
population structure of landraces rice germplasm. This thesis is in three main sets of
studies.

The first set of studies on genetic diversity and population structure of the
Oryza sativa primary gene pool covered 42 common wild rice populations, 37 pure
line cultivated rice varieties and 12 weedy rice populations collected from different
rice growing regions of Thailand with the use of 12 microsatellite markers.
Population structure of each component was analyzed separately and then the three
components were analyzed together by using STRUCTURE program. Cluster
analysis was performed by using principal component analysis (PCA analysis) and
Neighbor-joining clustering method (NJ method). The results indicated that common
wild rice retained higher level of genetic variation both within and among populations
than cultivated rice and weedy rice. Genetic variation within common wild rice
populations varied from 0.219 to 0.759, variation among populations was 0.258 and
the total variation was 0.827. Population structure of common wild rice was
predominantly base on life-history trait types, perennial and annual types more than
geography, indicated by higher genetic differentiation (Fst) between life-history traits
types (0.049) than among geographical regions (0.027). Most total variation of
common wild rice was apportioned to perennial type, therefore resulting in higher
variation of perennial (Hr=0.815) than annual (Ht=0.783) types. The differentiations
between perennial and annual types were clearly illustrated in their geographical
distribution and habitat preferences. Perennial type was common in the Upper north,

Lower-north, Central and Northeast while annual type mostly found in the Northeast
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of Thailand. The perennial type is normally found in ditches, swamps or lakes, areas
inundated with water throughout the year, while the annual type was usually found in
abandoned fields, near rice fields, roadside ditches or shallow wet places that are
parched in dry season. Molecular analysis based on the 12 microsatellite markers
illustrated that perennial type maintained higher level of genetic diversity within
population but displayed lower degree of genetic differentiation among populations
than annual type. Considering mating system, perennial type is predominantly
outcrossing, with estimated outcrossing rate of 73% and mostly propagated
vegetatively. While the annual type is predominantly self-pollinated, with estimated
selfing rate of 71% and propagates mainly by seed. The analysis by using PCA and
NJ method based on C.S. chord genetic distance were consistent with population
structure analysis that common wild rice in Thailand was separated into two groups;
perennial group and annual group.

Thirty-seven pure line cultivated varieties, including 23 modern varieties and
14 improved traditional varieties, had total genetic diversity (Hy=0.8) that was almost
as high as the wild rice, but with no variation within individual varieties (h=0 and
Hs=0). Varieties in the modern varieties group are clearly distinct from improved
traditional varieties group, although the two groups had similar level of total gene
diversity (Hy=0.751 and 0.778, respectively). However, total genetic diversity of
cultivated rice was reduced by 20% from wild ancestors due to domestication
bottleneck of genetic variation process. In addition, high degree of genetic
differentiation was also observed among 37 pure line varieties where most variation
was apportioned into among varieties (91%). The high variation was detected among

the 37 cultivated varieties, high level of Fst of 1 observed indicating that Thailand’s
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cultivated rice has a broad genetic base. In addition, 37 cultivated rice varieties were
structured into 3 groups based on STRUCTURE analysis, PCA and NJ clustering
method; 1), 12 modern varieties 2) 10 improved traditional varieties and 3) the
remaining 15 varieties that overlap between modern and improved traditional
varieties.

The weedy rice populations displayed high total genetic diversity (Hr=0.736)
and high degree of genetic differentiation (Fst=0.524). They revealed varying levels
of genetic variation within populations, from as high as common wild rice to near
zero as cultivated rice. Mating system of the weedy rice was predominantly
outcrossing as in common wild rice, the outcrossing rate (t) varied from 10% to 67%.
The weedy rice populations in the present study were structured by their genetic
similarity and differentiation into 2 clusters according to their associated cultivated
rice varieties, whether they were modern variety or improved traditional variety. This
was further supported by cluster analysis based on PCA and NJ method. The
information on population structure of weedy rice provided evidence on which the
origin of invasive weedy rice in various areas may be traced. The spread of invasive
weedy rice in Thailand has been shown to be the consequence of hybridization and
gene flow between native wild rice and local popular cultivated rice in the areas
where they have been co-existing in the rice landscape. The predominance of
outcrossing traits in the weedy rice, especially extruded stigma, enables backcrossing
to crop rice, that in combination with pressure of rice crop management have made
the weedy rice genetically closer to the cultivated rice, in a process called crop
mimicry. The diversity analysis of the primary rice gene pool in Thailand established

that this is a highly dynamic genetic system, with ongoing gene flow among its three



main components, between cultivated and wild rice that produced the weedy rice,
which continues to hybridize with both the cultivated and wild rice. While the high
level of genetic diversity is retained in weedy rice, how the weedy rice is becoming
genetically closer to cultivated rice than wild rice should be closely monitored as this
could have important implications for future sustainability of the gene pool.

In the second set of studies, genetic diversity and population structure of
landrace rice populations were demonstrated in a landrace rice Bue Chomee, a variety
belonging to the Karen ethnic group in Thailand, based on six microsatellite markers.
Bue Chomee is genetically variable at all 6 microsatellite loci and diverse in all 33
seed lots representing 33 farmers’ fields in 13 villages from Chiang Mai and Mae
Hong Son in Northern Thailand. Total genetic diversity of the Bue Chomee landrace
was apportioned into 3 components; genetic diversity among individuals (Hr=0.435),
among fields (Hs=0.332) and among villages (Dst=0.103). UPGMA clustering based
on the genetic distances among fields and villages showed a spatial pattern that
corresponds to geographic location, indicating isolation by distance. Genetic isolation
by distance structure reflected increasingly limited seed flow as distance between
villages increases. Genetic similarity between fields in same villages and between
nearby villages is associated with a tradition of seed sharing and seed exchange
among farmers. These results from Bue Chomee have demonstrated that rice
landraces can be a dynamic, evolving genetic system, rather than the static set of
genotypes found in a modern variety. The landraces can respond to evolutionary
forces, both natural (local adaptation) and those imposed by human (farmers’
managements) and can be selected to meet changing local needs in both production

and consumption.



The importance of farmers’ management suggested by the second set of
studies led to the third set of studies which examined the influence of farmers’
managements on genetic variation of two Thai rice landraces, Bue Chomee (BC) and
Muey Nawng (MN). Rice seed exchange networks were identified: BC1, BC2, BC3
and BC4 for Bue Chomee from 3 Karen village and MN1 Muey Nawng from a
lowland Thai village and MN2 from a Karen village. Genetic diversity and
population structure of the landraces were assessed with six microsatellite loci, and
found Bue Chomee to be more genetically diverse than Muey Nawng, with different
population genetic structure between the two landraces. All 4 Bue Chomee networks
displayed similar level of genetic diversity within network. Lower genetic
differentiation within network than between networks agrees with the idea that
frequent seed exchange among farmers within the village led to genetic uniformity.
In contrast, the 2 Muey Nawng networks displayed different level of genetic diversity.
Muey Nawng of the Karen (MN2) had greater genetic variation than Muey Nawng of
the Thai (MN1), which could have been the consequence of different managements of
different ethnic groups. In addition, genetic differentiation was sometimes found as
the seed changed hands from one farmer to another within the network. These results,
in combination with findings of genetic variation within the rice seed kept by
individual farmers found in the second set of studies, strongly indicate how genetic
diversity of rice landraces can be influenced by farmers’ management of their rice
seed.

In conclusion, the present study has elucidated genetic diversity and
population structure of rice in Thailand. The rice gene pool, which is composed of

common wild rice, cultivated rice and weedy rice, has been shown to be (a) highly
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diverse, (b) highly dynamic, with on-going genetic changes in response to
evolutionary forces that include farmers’ management, seed exchange (seed flow) and
gene flow. Common wild rice carried high variation both within and between
populations, with clear genetic differentiation between perennial and annual types.
The presence of alleles from the cultivated genome in wild populations is indicative
of gene flow from cultivated to wild populations. Modern elite varieties of cultivated
rice in Thailand showed reduced genetic variation compared with the wild ancestors
due to domestication process and intensive selection from breeding program, but still
displaying high total genetic diversity indicative of the broad genetic base of
Thailand’s cultivated rice. Broad level genetic diversity and structure of weedy rice
was the outcome of gene flow between native common wild rice and local popular
cultivated rice. Level of genetic diversity and population structure of the 3
components of Oryza sativa primary gene pool were influenced by the ongoing gene
flow process among the complex where they are co-existed. Landraces that are still
grown where modern varieties have failed to meet local needs, however, still exhibit
genetic structure of the wild rice in (a) high genetic diversity within fields that enable
selection and genetic changes to occur, with the consequence of (b) genetic
differentiation that correlates significantly (P<0.005) with separation by geographical
distance. The genetic variation and population structure of rice populations of this
thesis reflected the consequences of one or the combination of evolution processes.
Understanding the evolutionary processes that influence population structure and
genetic diversity of rice, which must encompass the wild ancestral species of O.
rufipogon, both the elite modern varieties and landraces of cultivated rice, and the

weedy rice which is the hybrid progeny of wild and cultivated rice, will help to inform
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the decision for ex situ and in situ conservation how this valuable germplasm that feed

more than half the world is best utilized.
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