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Wheat is one of ifnporfant crops contributing to human life as baéic staple food. The successful
worldwide growing of common wheat in a diverse range of environments, is because of, at least in
part, marked efforts of breeding for appropriate flowering time (FLT). Wheat cultivars show
varied heading time (HD) and FLT in order to adapt to each regional environment. Wheat HT/FLT
is controlled by three major genetic components, vernalization requirement, photoperiodic
sensitivity and narrow-sense earliness. The vemalization requirement and photoperiodic
sensitivity are respectively regulated by major quantitative trait loci (QTLs) such as Vin-I and
Ppd-1. Nevertheless, the earliness per se genes are known to be located on various wheat
chromosomes. However, increases in wheat yield and grain quality have not kept pace with
consumer demand accompanied with extensive increase in human populaﬁon. Both are strongly
influenced by environmental conditions and pathogen attacks. Especially in Japan, rainy season is
overlapped with wheat harvesting, resulting in pre-harvest sprouting, Fusarium damage, and
reduction of grain quality. To restrict the impact of environmental conditions and pathogen attacks
development of cultivars adaptive to a diverse range of environments is one of the major purposes
of the wheat breeders.

Control'of HT/FLT is an important target trait for wheat breeding. Understanding the genetic
processes of the HT/FLT determination and identification of .genetic loci associated with the
HT/FLT variations in wheat landraces and wild relatives will offers potential for 'wheat
improvement because they introduce new resources of genetic diversity. Wheat landraces and
wheat relatives provide abundant genetic variations in many agricultural traits including FLT, and
supply useful traits for modern wheat breeding. Previous studies found that many wheat landraces
in Nepal, Bhutan and Tibet show wide variations in flowering related traits. Synthetic hexaploid
wheat lines derived from crosses between tetraploid wheat and Aegilops tauschii are valuable
resources for introgression of agriculturally important genes of the wild wheat into common wheat -
cultivars. Natural variation in FLT shows significant longitudinal and latitudinal clines in 4e.
tauschii. The Ppd-1 “and Vn-1 genotypes of the A and B genomes in parental tetraploid wheat
largely affect expression of flowering-related traits in the synthetic hexaploid wheat.

To identify causal loci for the early flowering phenotype in the Nepalese landraces, first,
two F, populations that were obtained from F, plants crossed between Shiroganekomugi (SGK), a
Japanese early flowering cultivar and the two Nepalese landraces, KU-4770 and KU-180, were
used for QTL analysis of the ﬂowen'_ng-related traits. The QTL analysis showed that the Ppd-DI
allele from SGK and the Ppd-BL. alleles from the two Nepalese varieties caused the
early-flowering phenotype in the two F; populations. Real time PCR analysis estimating the
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Ppd-BI copy number revealed that the two Nepalese varieties included two intact Ppd-BI copies,
putatively resulting in photoperiod insensitivity and an early flowering phenotype. The SGK
Ppd-D1 allele contained a 2-kb deletion in the 5-upstream region, indicating a photoperiod
insensitive Ppd-Dla allele. Thus, wheat landraces are genetic resources for discovery of alleles
useful for improving wheat heading or flowering times. .

. Next, four F, mapping populations produced from the following cross-combinations
between early and late flowering synthetic wheat lines were used for QTL analysis for the
flowering-related traits. In total, 10 QTLs located on six D-genome chromosomes (all except 4D)
were detected for the analyzed traits. The QTL on 1DL controlling heading time appeared to
correspond to a flowering time QTL, previously considered to be an ortholog of Eps-4mI which is
related to the narrow-sense earliness in einkorn wheat. The 5D, 6D and 7D QTLs seem to be a
novel loci associated with wheat flowering and maturation including a QTL controlling the grain
filling period on chromosome 3D, while the 2DS QTL appears to be an allelic variant of the
photoperiod response locus Ppd-DI. These flowering-related QTLs would function under the
hexaploid wheat background.

To confirm the usefulness of the QTLs indentified in the mapping population of synthetic
wheat, finally, two F, mapping populations, respectively crossed between two Japanese wheat
varieties Norin 61 and Kitanokaori with two synthetic- wheat lines Ldn/P1476374 and
Ldn/KU-2097, were used for QTL analysis of the flowering-related traits. In total, 12 QTLs for
flowering related traits were detected. Ppd-D! on chromosome 2D from the two Japanese
varieties was causal for early-flowering phenotype of HT, FLT and MAT and might affect to the
expression of other QTLs controlling flowering. Further, two different QTL regions were found on
chromosome SA. The synthetic wheat line derived alleles on the SA QTLs were associated with
early flowering phenotype in the two F, populations. The SAL QTL region for FLT in the
Kitanokaori//L.dn/KU-2097 population appeared to be correspoﬁding to the Vrn-A1 locus, which is
related to the vernalization requirement in tetraploid and hexploid wheat. Another S5AS QTL in the
F> population crosses between Norin 61 and Ldn/Pi476874 seemed to be a novel locus regulating
MAT. Combined with the previous research using the synthetic wheat population, the identified
QTLs in the present study are available for improving modern wheat cultivars.

In the future, production of the advanced backcrossed lines having only desirable alleles
under the genetic background of hexaploid wheat cultivars will allow to characterize more
precisely the QTL alleles and to elucidate the molecular nature of QTLs responsible for

agronomically important traits.
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