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ABSTRACT

Thailand lies partly in center of diversity and domestication of rice, where
dynamic of rice gene pool is still ongoing. Common wild rice (Oryza rufipogon
Griff.) known as the wild progenitor of Asian cultivated rice (O. sativa L.), is the
most important genetic resource for rice improvement. Wild ancestor has been found
distributing widely in Thailand. Its habitat includes ditches, canals, marshes and
riverbank and even within or at the edge of rice field (either under cultivation or
abandoned). Co-habitat between wild ancestor and cultivated rice enhances the
interspecific hybridization event to result in the weed in rice fields, weedy rice.
Weedy rice becomes the most noxious weed in rice field in Thailand, causing severe
crop yield loss leading to economic loss. Therefore, the objectives of this study were
to evaluate effect of gene flow on crop rice and native wild rice population and to
investigate the origin and spread of weedy rice in Thailand.

Firstly, the differentiation between cultivated and wild rice were
investigated in morphological, physiological characteristics and DNA fingerprints

in eight cultivated rice varieties adapted to rice growing regions of Thailand:
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Chainat 1 (CNT1), Suphan Buri 1 (SPR1), Khao Dawk Mali 105 (KDML105),
RD6, RD10, Niaw San-pah-tawng (NSPT), Sew Mae Jan (SMJ) and Kum Doi Sa
Ket (KDK) and four common wild rice collected from natural habitats and
difference locations: Lumphun (LP), Chiang Mai (CM), Kanchanaburi (KC) and
Nakhon Nayok (NY). Wild rice exhibited spreading and prostrate plant type,
open panicle with long awn, brown to black hull and red pericarp and seeds that
were shattered when ripe. In contrast, cultivated rice showed erect plant type,
compact panicle, awnless spikelets, straw color hull and white pericarp, except
purple hull with dark purple pericarp in purple rice (KDK). DNA analysis using 7
microsatellite markers detected 65 polymorphic alleles across the cultivated and
wild rice. The highest number of alleles per locus (15) across cultivated and wild
rice populations was detected by RM1. Heterozygous genotypes were observed
in wild rice populations when detected by RM1, RM164, RM167, RM225 and
RM341. With all seven microsatellite markers, 1-6 alleles per locus were specific
to cultivated rice, 3-8 alleles specific to wild rice and 1-2 alleles were shared
between them. In cultivated rice, alleles of all varieties were fixed and genetic
differentiation among populations (Fst) was 1 indicated that the genetic diversity
of eight cultivated rice in this study resulting from the differentiation among
varieties, no variation within variety was found. In contrast, wild rice populations
showed high level of both within and among populations genetic diversity. The
total genetic variation of wild rice population was partitioned into 57% for among
individuals and 43% for among populations (Fst = 0.43).

To determine the scope and potential of interspecific hybridization

between cultivated and wild rice, eight cultivated rice varieties from the first
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experiment were used as female parents and three wild rice populations (LP, KC
and NY) were selected and used as male parents. Crosses were made between all
cultivated rice and wild rice. Eight crosses between cultivated rice varieties x LP
wild rice, eight crosses between cultivated rice varieties x KC wild rice and six
crosses between cultivated rice varieties x NY wild rice were generated.
Cultivated rice can easily cross with wild rice and set seed at different rates
depended on cultivated and wild rice combinations, which were between 6-62%.
High yielding varieties, CNT1 and SPR1, gave the highest percentage of seed set
when crossed with wild rice. Germination of F; seed were 20-85% and developed
into normal plant with 0-100%. Seed germination of F, populations were higher
than F;s, ranging from 87 to 97% and developed into normal plant between 71 to
94%. Thirteen F; hybrids, 10 F, populations and their parents were grown in pot
experiments to evaluate morphological and physiological characters. It was found
that wild traits such as awning, black hull, red pericarp and seed shattering were
controlled by 1-3 genes with dominant action. F; hybrids were taller and had
more spikelets panicle! compared with cultivated rice. In F, generation,
morphological and physiological characters of most F, plants were segregated
into wild type and intermediate between cultivated and wild rice. Transgressive
segregations were found in number of panicles plant™, panicle length, number of
spikelets and seeds panicle® and seed size. Therefore, the interspecific
hybridization provided a large source of genetic variation and adaptation in
segregating populations.

Finally, evidence of natural gene flow between cultivated and wild rice

were determined. Cultivated, weedy and wild rice seed samples were collected
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from Kanchanaburi province where heavy weedy rice infestation was found. Rice
seed samples were grown in pot experiments to evaluate morphological,
physiological characters and DNA analysis compared with pure SPR1 and CNT1
breeder seeds. Evidence of successful hybridization between cultivated and wild
rice has been found in the farmers’ rice crop, in the weedy rice and in the
naturalized wild rice populations by morphological, physiological traits and DNA
markers. Two-way direction of both crop to wild and wild to crop gene flow were
also demonstrated by the presence of crop rice alleles in wild rice populations and
wild rice alleles in crop rice populations. Weedy rice contained both wild and
crop alleles. About 3-12% of morphological traits found in wild rice such as awn,
black hull and red pericarp were detected in farmers’ rice crop and 18-32% of
cultivated rice traits such as straw color hull and white pericarp were observed in
wild rice in the ditch near the rice fields. Further evidence of gene flow was
provided by the DNA analysis. The average frequency of markers at 5.4-11.7%
of wild rice alleles were found in farmers’ crop rice and 1.6-7.8% of crop rice
alleles were found in wild rice. Weedy rice was mixture of homozygous for crop
alleles, wild alleles and heterozygous for both wild and crop alleles. Outcrossing
rates, calculated from F-statistics, at 13-28% were found for weedy rice and
farmers’ SPR1 crop rice. This indicates high possibility of gene flow between
crop rice and weedy rice. This may lead to the convergent of weedy rice toward
crop rice which will increase difficulty of weedy rice control.

From this study, it was concluded that gene flow between cultivated and
wild rice can occur. The evidence of gene flow between both of them can be

determined by using morphological, physiological characteristics and DNA



analysis. The successful of gene flow was supported by the results that cultivated
rice could easily cross with wild rice. F; hybrids derived from cultivated x wild
rice were interfetile and produced normal seedlings for the next generations.
High segregation in morphological and physiological were observed in F;
generations. This will be useful in plant breeding program. On the other hand,
weedy rice was shown to be the product of hybridization between cultivated and
wild rice. Continuing gene introgression from cultivated rice to weedy rice is an
ongoing process to increase genetic diversity and convergent of weedy rice which
made it more difficult to eliminate. Therefore, for areas in which cultivated and
wild rice grow in close proximity, gene flow between introduced rice genotypes
with new traits and wild rice should be examined to prevent the build up of

invasive weedy rice.
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