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Studies on Differentiation of Japanese Tea Cultivars
(Camellia sinensis var. sinensis) Acoording to the Genetic Diversity
of Phenylalanine Ammonia-Lyase

Satoru MATUMOTO

Synopsis

Phenylalanine ammonia-lyase (PAL) ¢cDNA of tea was used in evaluating the genetic diversity of tea
genetic resources and in determining the differentiation process of Japanese green tea cultivars. The
PAL ¢DNA was also very useful for identifying interspecific hybrids between C.sinensis and C. japoni-
ca. PAL DNA diversity was found not only between C. sinensis var. sinensis and var. assamica, but
among var. sinensis. Three multi-allelic fragments, A, B and D, were detectable by RFLP analysis us-
ing the PAL ¢DNA probe, and Japanese green tea cultivars were divided into 5 genotype groups: AA,
AB, AD, BD and DD. Cultivars belonging to the BB type do not exist. Japanese green tea cultivars and
local tea plants, including mountain tea, yama-cha, were analyzed to determine the process of dif-
ferentiation of Japanese tea plants by using the PAL DNA markers, A, B and D. Since the genetic fre-
quencies in yama-cha and local tea plants were also the same, these teas may have the same origin. A
comparison of DNA diversity between Japanese and Korean-Chinese germplasm suggested that limited
populations of tea from China have been introduced into Japan. Then, the limited populations were dis-
tributed within Japan and local varieties were formed in tea cultivated regions. 'Yabukita’ which was
selected from this population, is a leading variety. In green tea breeding, a change of selection from loc-
al variety populations to hybrids with 'Yabukita’ influenced PAL genetic frequency among Japanese
green tea cultivars. These results using PAL markers cleared the differentiation process of Japanese
green tea cultivars and the information in this study will contribute to the breeding of new cultivars.
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181 CGGGTTTTTG TCTGAAAGAC CCTTTGAATT GGGGAGTGGC GGCGGAGGCA ATGAAGGGGA
241 GTCATTTGGA GGAAGTGAAG GGCATGGTGG AGGAGTTTCG GAAGCCAGTG GTGAGGCTGG
301 GAGGGGAGAC TTTGACGATA TCGCAGGTGG CGGCGATCGC GGTGAGGGGT AGTGAGGTGG
361 CGGTGGAGCT GTCGGAGTCT GCGAGGGAGG GAGTGAAGGC CAGTAGTGAT TGGGTTATGG
421 AGAGTATGAA TAAAGGGACA GATAGTTATG GTGTTACTAC TGGTTTTGGT GCTACTTCAC
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541 GARATATTTGG CAATGGAACA GAGTCATGTC ACACATTGCC ACAATCAGCC ACAAGGGCAG
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661 TGGAAGCCAT TTCCAAATTC CTCAACAACA ACATCACTCC ATGCCTGCCG TTACGCGGCA
721 CTATCACCGC CTCCGGTGAC CTAGTCCCCC TATCTTACAT TGCCGGGCTT TTGACAGGCC
781 GGCACAATTC GARAGGCGGTC GGGCCTACTG GAGAAATCCT CCACCCCAAG GAAGCCTTCC
841 GTCTAGCTGG AGTTGAGGGC GGGTTTTTTG AGTTGCAACC CAAGGAAGGC CTTGCGCTTG
901 TCAACGGCAC AGCTGTTGGT TCCGGCTTGG CTTCTATGGT TCTTTTCGAG GCTAACATAC
961 TCGCCGTGTT ATCAGAAGTT TTGTCAGCGA TTTTCGCTGA AGTTATGCAA GGCAAGCCCG
1021 AGTTCACCGA CCATTTGACA CACAAATTGA AGCACCACCC TGGCCAARATT GAAGCTGCTG
1081 CCATTATGGA ACACATTTTG GATGGTAGCT CTTATGTCAA GGCAGCCCAA AAACTACATG
1141 AAATGGATCC ATTGCAAAAA CCAAAACAGG ACAGATATGC CCTTAGAACA TCTCCTCAAT
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2161 GGTCACCGGG AGAGGAGTTT GACAAGGTGT TCACCGCTCT GTGCAAGGGA GAGATGATTG
2221 ATCCATTGAT GGATTGTCTC AAGGAGTGGA ATGGTGCTCC TCTTCCTATC TGTTAGTGCA
2281 ATTCTTATCG CATTGGAACA ATGTTTTTCA GTCCTTGTCT TAAGTTTTTC
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Studies on Differentiation of Japanese Tea Cultivars
(Camellia sinensis var. sinensis) Acoording to the Genetic Diversity

of Phenylalanine Ammonia-Lyase

Satoru MATUMOTO

Summary

A full-length ¢cDNA of phenylalanine ammonia-lyase (PAL) was cloned from a tea (Camellia sinensis)
c¢DNA library for use in evaluating the genetic diversity of tea genetic resources and in determining the
differentiation process of Japanese green tea cultivars. A comparison of the DNA and amino acid sequence
estimated from the tea PAL ¢DNA with those of other plants showed that the tea PAL had a higher degree
of homology to PAL from dicotyledons (Apiaceae, Leguminosae and Rosaceae) than to those from monocoty-
ledons (Orchidaceae and Gramineae) or gymnosperms (Pinaceae): A different homology matched the degree
of evolutionary distance of these plants. Although PAL in most plants is encoded by a multi-gene family,
RFLP analysis using 6 restriction enzymes and analysis of the inheritance of polymorphic fragments indi-
cated that the tea PAL is thought to be coded by a single gene. Three multi-allelic fragments, A, B and D,
were detectable by RFLP analysis, and Japanese green tea cultivars were divided into 5 genotype groups:
AA, AB, AD, BD and DD. Cultivars belonging to the BB type do not exist.

Since tea leaves tend to become brown after harvesting due to their high content of polyphenol com-
pounds, they must be preserved at low temperature until DNA extraction. However, it is difficult to pre-
serve them under such conditions when samples are collected overseas or in the field far from the labora-
tory. However, preserving tea leaves in ethanol at room temperature for one week proved useful for obtain-
ing enough DNA for RFLP analysis. The DNA of ‘Chatsubaki’ No. 1 — 9, which are interspecific crosses
between C. sinensis and C. japonica, was extracted from leaves preserved in ethanol and was analyzed to
identify interspecific plants. Polymorphic DNA fragments from Chatsubaki No. 1-9 detected with a tea
PAL ¢DNA probe were thought to be derived from each parental plant C. sinensis cv. 'Sayamakaori’ and C.
Jjaponica.

PAL DNA diversity was also found between C. sinensis var. sinensis and var. assamica. Greater amounts
of C fragment, which was hybridized with a 5" site-specific PAL ¢DNA probe, were detected in var. assa-
mica than in var. sinensis. In addition, PAL fragment patterns in Korean and Chinese teas indicated that at
least 10 fragment alleles, including 3 Japanese types, were present. Korean teas planted near 6 old temples
and thought to be progenies introduced from China contained 7 new multi-allelic markers, K1-K7, and
showed greater genetic diversity than Japanese teas. On the other hand, PAL markers from 12 plants col-
lected on a Korean tea farm were composed of only Japanese types. Analysis of PAL markers indicated that
the Korean teas were divided into two different genetic groups. One group was that found around old tem-
ples and was probably derived from China, and the other originated from Japanese teas that were intro-

duced before World War II. Analysis of Chinese and Indian teas showed more diversity, further study is
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needed with larger tea populations to generate new PAL allelic markers.

Japanese green tea cultivars and local tea plants, including mountain tea, yama-cha, were analyzed to de-
termine the process of differentiation of Japanese tea plants by using the PAL DNA markers, A, B and D.
The AA group included many cultivars selected from local tea plants. The BD group consisted of cv. 'Yabu-
kita’ and descendants of 'Yabukita’ produced by artificial crossing. Allelic frequencies of A, B and D were
0.66, 0.07 and 0.23, respectively, and these values were the same in tea plants collected from all regions
of Japan. Since the frequencies in yama-cha and local tea plants were also the same, these teas may have
the same origin. A comparison of DNA diversity between Japanese and Korean-Chinese germplasm sug-
gests that limited populations of tea from China have been introduced into Japan. These results indicate a
process of differentiation from the ancestral material presumably introduced from China to the local tea
plants and, finally, to cultivars that were produced by selecting local tea plants and crossing.

Utilization of resources such as Chinese or Korean teas is thought to be a way of achieving cultivars
with more useful traits. Indeed, the cultivars 'Benitsukuba’, 'Yamatomidori’, 'Okumidori’ and 'Yutakamidori’
are regarded as Japanese teas, even though they possess the Chinese-Korean type of PAL marker or un-
identified PAL allelic markers. Because these markers are not detected in local tea plants in Japan, the ori-
gin of these cultivars must be from Korea or China or an Assam hybrid. Some of their morphological or
agronomic traits are different from those of conventional Japanese teas. For example, 'Benitsukuba’ is the
only black tea cultivar among Japanese local teas. The budding period of "Yamatomidori’ is the latest among
Japanese teas, and 'Okumidori’ is also a late-budding cultivar whose market share is increasing because of
its good quality. Even if overseas resources with different genetic back-ground need to be used as breeding
parents, such examples show that new cultivars of good quality can be produced. This study of PAL gene-
tic markers indicated that the genetic resources utilized for green tea breeding in Japan have been limited
to a narrow range and has demonstrated the potential of using overseas genetic resources for extending the

diversity of Japanese teas.
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