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Genetic studies on cold tolerance
at the early growth stage in Asian cultivated
and wild rice with special reference to adaptation
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Recent molecular studies have greatly contributed to our understanding of various
developmental processes forming phenotypic diversity in rice (Oryza sativa), however, our
knowledge is still limited as to how various genes contribute to adaptation. It became
increasingly important for breeders to understand the nature of adaptation at both the
phenotypic and molecular levels since breeding is to artificially accelerate the micro-
evolutionary processes. Low temperature is a major limiting factor for agricultural
productivity in Asian cultivated rice. The response to cold is a complex phenomenon that
includes primary and secondary injury by exposure to low temperature, depending on the
stage of development. The genetic variation in cold tolerance has been reported to be
associated in rice with their geographic distribution as well as with its taxonomic groups. The
present study was conducted to understand the pattern of genetic variation and the genetic
bases for cold tolerance, with special reference to adaptation in rice. The results obtained are
summarized as follows:

1) A brief review on genetics of cold tolerance in rice was described in Chapter II. The two
subspecies (ssp. indica and ssp. japonica) of rice are believed to have originated from Oryza
rufipogon, showing considerable intraspecific variation for cold tolerance. The ssp. japonica
tends to show a higher degree of cold tolerance than ssp. indica that suffers various types of
injury due to cold stress. In addition, the genetic variation of cold tolerance has been found
to be associated with their geographical distribution, suggesting that the genetic
differentiation of cold tolerance has resulted partly from local adaptation. Generally, cold
tolerance is under complex transcriptional regulatory network in plants. Transcriptional
regulatory network involves interactions among a number of cold induced transcription
factors and their cognate cis-elements in the promoters. These genes are normally referred
to as COR (cold regulated), rd (responsive to desiccation), Iti low temperature induced) or
kin (cold inducible), and their expression is activated by low temperatures, as well as some
other environmental (dehydration, high salinity) and chemical (abscisic acid) signals. The
map-based cloning has provided some useful information on genetic controls of cold
tolerance in rice, however, the role of acclimation in increasing cold tolerance remains to be
studied in rice. The adaptive significance of cold tolerance in Asian rice is of special demand
to the present scenario of cold tolerance breeding in rice.

2) In the present study, the genetic variation was investigated at the germination, plumule
and seedling stages among 57 strains including cultivated rice (Oryza sativa ssp. indica and
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ssp. japonica) and its wild progenitor (Oryza rufipogon). The significant differentiation of
cold tolerance was observed among the taxonomically divided groups. At the germination
stage, both indica and japonica subspecies tended to be more tolerant than O. rufipogon,

whereas at the plumule and seedling stages, ssp. japonica tended to be more tolerant than
ssp. indica and O. rufipogon. Climatic factors such as temperature tend to show latitudinal
gradients, therefore, the latitudinal cline in specific phenotypes have long been used to infer
adaptation to climatic variation. In cold tolerance at the plumule stage, the clinal variation
across the latitude of origins was observed within O. rufipogon and ssp. japonica, suggesting
that the current pattern of variation seems to have been shaped by both their phylogenetic
histories and on-going adaptation to the local environments. QTL analysis between O.
sativa ssp. japonica (tolerant) and O. rufipogon (susceptible) revealed five putative QTLs for
cold tolerance at the plumule and seedling stages but not at the germination stage.
Substitution mapping was also carried out to precisely locate the two major QTLs for cold
tolerance at the plumule stage, which could be used for improvement of tolerance to cold
stress in ssp. indica. ‘

3) The chilling-sensitive plants acclimate when they are exposed to a low temperature slightly
above the threshold chilling temperature, in a similar process found in cold- acclimation.
Genetic surveys for cold tolerance were carried out to examine cold tolerance in acclimated
and non-acclimated plants. The present results indicated that chilling-sensitive rice plants
acclimate when exposed to a low non-chilling temperature. Variation in acclimation capacity
contributed to their geographical distribution of O. rufipogon, showing latitudinal clines in
chilling tolerance. Latitudinal clines were also observed in absence of acclimation treatment
at the plumule stage, indicating that intrinsic biochemical and physiological factors also
contribute to variation. On the contrary, at the seedling stage, clinal variation in chilling
tolerance was found only in acclimated seedlings. This suggests that acclimation capacity
greatly contributed to local adaptation, giving a caution in evaluating the degree of chilling
tolerance in rice. QTL analysis revealed that no major QTL contributes chilling-tolerance in
both acclimated and non-acclimated plants in common indicating a complex inheritance of
cold tolerance in Asian rice.

4) Cold tolerance at the plumule stage is known as one of the critical traits for indica-japonica
differentiation; however, the knowledge on its genetic control is limited. The present study
was conducted to finely map the two major QTLs (qCTP11 and qCTP12) for plumule cold
tolerance. Substitution mapping of gCTPI2 showed considerable overlapping for cold
tolerance scores between the parental QTL alleles, while the effect of qCTP11 was larger
than that of ¢CTPI12. High resolution mapping of qCTP11 revealed that it resided in the
region of 4.5 kb where two candidate genes (AK073869 and AK064585) with unknown
functions were detected. Only in AK064585, a replacement substitution was found between
the parental strains. Functional analysis of these candidates is needed to understand their
significance in controlling the cold tolerance at the plumule stage.

5) Natural selection for cold tolerance plays a crucial role in shaping the micro-evolutionary
changes in local environments that lead to intraspecific variation in rice. The present study
showed that cold tolerance at the early stages of growth is a complex trait, physiologically
and genetically. The effect of cold acclimation was positive and the geographical cline for
cold tolerance was detected at the plumule stage, indicating that the genetic diversity has
been affected both by current patterns of micro-evolutionary forces, such as local adaptation,
and by the phylogenetic history. High resolution mapping of qCTPIIl led to the
identification of candidate gene of unknown function although further functional studies are
needed to elucidate its molecular mechanism. The information generated in this study will
throw lights for understanding of cold tolerance at the early stages of growth, and for the
improvement of cold tolerance in rice breeding programs.
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