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Fig.1 Plant seed remains excavated at archaeological sites in Aomori Prefecture
A) Barley seed (Sunazawatai site), 4.62mm X 2.38mm ; B) Rice seed (Sakaizekidate site), 4.77mm X 2.69mm ;
C) Wheat seed (Sunazawatai site), 4.24mm X 2.53mm ; D) Rice seed (Ootai site)4.97mm X 3.48mm
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Fig. 2 Size variation of rice seed remains excavated at three
archeological sites in Aomori Prefecture and ten mod-
ern varieties. Round : Sunazawatai site, Square : Ootai
site, Triangle : Sakaizeki site, Diamond : Modern ten va-
rieties (5 replicates by each)
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Fig.3 Rice phytolith
A) Measurement abbreviation, B) Photograph by a microscope
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Fig.4 Density of rice phytolith collected from five soil sam-
ples at the Maekawa Cl1 site
Density value is an average with = SE.
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score by the discriminant

Variance of rice phytolith size collected at two archaeological sites in Aomori Prefecture based on the

X axis : Score, Y axis : No. of phytoliths, H7 & H5 : Tareyanagi site (Yayoi Period),

No.14 & No.13 : Maekawa site (Heian Period)
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Fig.6 Length (Y axis) and score by discriminant (X axis) in phytolith of modern rice

Round : Japanese landraces and improved variety, Square : Landraces in Tsugaru area,

Diamond : Tropical japonica
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Fig. 7 Variation in sensitivity to alkaline digestion
(A) Modern variety, cv. ‘Nipponbare’ with water ab-
sorption. (B) cv. ‘Nipponbare’ with 1.5% KOH as alka-
line solution. cv. ‘Nipponbare’ are used as control in the
test. (C) Tropical japonica (tolerant type) with alkaline
solution. (D) Temperate japonica (sensitive)
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Fig.8 Elongation of 1st internode (arrow) under complete
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Fig.9 Molecular markers developed to evaluate rice seed remains
A) Chloroplast DNA markers, B) Nuclear DNA marker

A B
[ ;‘ijﬁi‘! I
2

n=14

n=11

.

C
n=2%

10 ZER MK DNA &% DNA <= — 7 —O#lE&b T X 0 HE U Bl B AR SR B A B O
PR (A, Fi (B) 45 CIHR BEER (O OMOMRBRRBIZEMAL TS, NIIHEAEEE

Fig. 10 Classification of rice seed in two Japanese archaeological ages and landraces in Tsugaru area, based on the chloroplast and

nuclear DNA markers

(A) Heian Period, (B) AD 1160 to around AD 1590, (C) Landraces in Tsugaru area. Open and solid sectors in the pie graph
indicate frequency of temperate and tropical japonica type, respectively. N : Number of seeds
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Fig.11 Fragrant rice cv. ‘Jyakou-mochi’ domesticated in the
South Tohoku and the Northern Kanto
Left spikelet carried colored apiculus, awn, and sterile
lenma
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Fig. 12 Rice grains carrying cracks under heat condition in sensitive variety cv. ‘Masshigura’ (A), and high tolerant variety cv.

‘Koihonoka' (B)

Arrows indicate the broken parts (cracks) on rice grains
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Rice cultivation was introduced to Japan from continental East Asia. After rice cultivation
began, predominated rice varieties underwent transition to adapt to the environmental condition
of each area. Several tools have been developed in a field of archaeobotany to evaluate and dis-
criminate differences between varieties, such as techniques for analyzing rice phytoliths, seed re-
covery by floatation, and highly efficient amplification of DNA sequences. In particular, some
DNA sequences from ancient rice remains have been used as newly developed markers. In this
study, a combination of molecular data and other measurements on rice structure were used to
estimate the transition of various landraces in order to know how rice adapted to various envi-
ronmental conditions as well as their transitions through periods. Tropical japonica was intro-
duced in the early stage of rice cultivation, as was an ancient tropical type that continued to be
cultivated until quite recently. These landraces were recovered from genetic resources and found
to carry unique traits that could not be located in modern varieties. Some landraces carried a fra-
grance trait, with two types of fragrant alleles. One type was quite common throughout Japan.
However, the other was a type with a novel allele found in only the domesticated rice grown in
southern Tohoku and northern Kanto. Thus, local farmers created a new gene pool during the
long period of history after rice cultivation was introduced. The genetic resources contained
would be valuable for. creating new rice varieties with high tolerance to expected future stress
conditions. For instance, one of the fragrant varieties of rice demonstrates higher tolerance to in-
creased heat, which causes heavy damage to conventional rice grains. To identify the causal gene
and breed new rice varieties, next-generation sequencing was adopted, and efficiently detected
molecular differences among varieties. This molecular information would be valuable to the
rapid breeding of new rice varieties. Such tolerant genes would be recovered from landraces

which had adapted to the similar circumstance in the past, with the help of archaeobotany.






