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Frequency of the High-Molecular-Weight Glutenin Allele in
Asian Hexaploid Wheat (Triticum aestivum L.) and the
Transmission Route through Which the Wheat May Have
Reached Japan, the Most Geographically Remote Region of
Wheat Production in the World

HiIrRO NAKAMURA

National Agricultural Research Center for Tohoku Region, Morioka, lwate 020-0198, Japan

The frequency of the Glu-D1fallele in Japanese, Chinese, and other Asian hexaploid wheat varieties
was analyzed in order to investigate a possible transmission route for hexaploid wheat to the Far
East, Japan. The 1380 published data sets were compared to the results for 1107 hexaploid Asian
wheat varieties which were determined in this study. The frequency of the Glu-D1f allele was clearly
different between areas; the allele was present from northern and southern Japan, from Xinjiang,
Jiangsu, Zhejiang, and Beijing in China, and from Afghanistan. A high frequency of the high-molecular-
weight glutenin Glu-D1f allele was found predominantly in southern Japan. This distribution of an
adaptively neutral character suggests a specific route of transmission for hexaploid wheat to eastern
China and the Far East, Japan. It was introduced from Afghanistan, carried to Xinjiang (in northwest
China), Jiangsu, and Zhejiang (in southeast China), and then to southern Japan along the so-called
Silk Road. It is believed that cultivated hexaploid wheat originated in the Middle East and the Near
East and was carried along the Silk Road through China to the Far East, Japan. Japan is the most
geographically remote region of wheat production in the world. During the course of its long journey
and its adaptation to diverse local environments, Japanese hexaploid wheat has developed a unique
composition of glutenin Glu-D1 alleles. The frequency of this allele in different wheat varieties allowed
us to hypothesize a possible route for the transmission of hexaploid wheat into the Far East, Japan.

KEYWORDS: Hexaploid wheat; glutenin; Asia; transmission route; remote region

INTRODUCTION the HMW gluteninGlu-D1f allele and the factors that affected
. ) ) ) its distribution in different parts of the world. The 1380
The high-molecular-weight (HMW) glutenin subunits areé ,, hjished data sets were compared to the results for 1107
characterized by molecular weights between 80 000 and 145 000, exaploid Asian wheat varieties which were determined in this
and a complex biochemical structure involving disulfide bonds study. In total, 1380 published cultivars from 21 countries and

(1). This group of endosperm proteins has been extensively 1107 asjan varieties were included in these comparisons.
explored in the past 20 yearg)( Genetic analysis revealed that

variation in HMW subunits is controlled by alleles at tGéu- EXPERIMENTAL PROCEDURES
Al Glu-B1, andGlu-Diloci on the long arms of chromosomes | investigated the allelic composition of the HMW glutenin subunit

1A, 1B, aT‘P‘ 1D, resp_ectlvelﬁl. Itis well known that hexaploid from 131 Japanese improved cultivars and 174 Japanese, 353 Chinese,
wheat {Triticum aestiumL., 2n = 42, AABBDD), appeared 150 Tyrkish, 3 Syrian, 6 Israeli, 4 Iranian, 1 Iragi, 23 Indian, 15
about 7000 years ago in the Middle East and the Near Bast ( pakistani, 7 Butanese, 66 Nepalese, 1 Myanmar, 1 Filipino, 2 Thailand,
5). It was then transmitted from its origin to Europe, Africa, 3 Indonesian, 46 Taiwanese, and 21 Afghanistan landraces of hexaploid
southern Asia, and China. It is known that some wheat varieties wheat. These were investigated by sodium dodecy! sutfatéyacry-

were transported along the Silk Road through China to the Far lamide gel electrophoresis (SB®AGE), according to the procedure
East, Japan. Little is known, however, about the actual route of described by Payne et aB)( The 353 Chinese wheat varieties were
transmission of hexaploid wheat into Japan. The objective of oM Heilongjiang, Jilin, Liaoning, Hebei, Beijing, Shandong, Shanxi,
this study was to analyze the distribution of B&-D1 allele Xian, Hangzhou, Zhejiang, Henan, Jiangsu, Ningxia, Gansu, Xinjiang,

h h . d th d - h . Sichuan, Anhui, and Jiangxi, respectively. The Japanese, Chinese, and
throughout Asia, and thus to determine the transmission route oiher Asian hexaploid wheat materials were provided by the National

by which hexaploid wheat reached Japan, the most geographi-institute of Agrobiological Resources in Japan. Published data for 1380
cally remote region of hexaploid wheat production in the world. cultivars were available concerning the worldwide distribution of the
| concentrated my studies predominantly on the variation of Glu-1lalleles 8, 7—16), and the frequency of the HMW glutenin alleles
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Figure 1. Possible transmission route for hexaploid wheat (Triticum aestivum L.) into Japan: a, Middle East and Near East (an origin of hexaploid
wheat); b, Afghanistan; ¢, Xinjiang; d, Xian; e, Jiangsu; f, Zhejiang; g, southern Japan; h, northern Japan; i, Beijing.

was available for Japanese wheat varieties. These data sets werdable 1. Comparison of Glu-D1f Allele Frequency for Afghani,
compared to the results for 1107 hexaploid Asian wheat varieties which Chinese, Japanese, and Other Asian Hexaploid Wheats (Triticum
were determined in this study. In total, 1380 published cultivars from aestivum L.)
21 countries and 1107 Asian varieties were included in these compari-

sons. no. of
Gels were made up to 10% (w/v) acrylamide and 0.2% (w/v) bis- totalf varieties
acrylamide containing 1.5 M Tris-HCI at pH 8.8 and 0.27% SDS. The no. o ga;”ylgnﬁ . ,
stacking gel contained 0.25 M Tris-HCI at pH 6.8. Wheat flour (10 vanepesd lIJI I :;q XI
mg) was suspended in 3QA. of 0.25 M Tris-HCI buffer (pH 6.8) country examine alele (%) value
containing 2% (w/v) SDS, 10% (v/v) glycerol, and 5% (v/v) mercap-  other Asian areas® 428 0 0.0 1.4°
toethanol, and the suspension was shake® toatroom temperature. Afghanistan 21 2 95 46.86°
The suspension was heated at’@for 3 min. The top portion of the g:hmac i igi 42 Zég 408,015
; ; : apanese landrace . :
supernatant was collected after centrifugation for 3 min at 12 000 rpm, Japanese improved variety 131 465 31 sl

and 30uL of the extract was loaded into each of the gel slots. The
electrode buffer was 0.025 M Trigjlycine at pH 8.3, containing 0.1%
(w/v) SDS. Electrophoresis was conducted at 30 mA constant current oo ) ! . i
for 4 h until the bromophenol blue dye ran to the end of the gel. The Nepal, Myanmar, Philippine, Thailand, Indonesia, and Taiwan. P Significant at the

gels were stained for several hours with Coomassie Blue R in aqueouso'm probability level. ¢ The Glu-D1f allele frequency of Chinese hexaploid wheats:
ethanol and acetic acid. HMW glutenin subunits were identified and the “expected” class.

numbered according to the system of Shewry and Tatftfn The compared to the results for 1107 hexaploid Asian wheat varieties
Samhples _wtere allsodanalyz_cle_d gs't”g the rrtwr:IIedlrotur fror:n 3?_ gramt?l'(t)f which were determined in this study. The published data for
each vanety orfandrace. 1o determine the electorophorelic mobiiity 3 3gg cyltivars from 21 hexaploid wheat-producing countries
of each HMW glutenin subunit by SDPAGE, standards were were included in these comparisons, @le-D1fallele has been

included (Bezostaya, Champlein, Chinese Spring, Danchi-komugi, . - o
Dunav, Federation, Gabo, Hobbit, Hope, Norin 61, Lancota, Sappo, reported to be a rare allele in the worldwide distributioGad-1

Serbiany-the masses of these standards reflected the expected massedlléles (3). It has also been reported that the product of this
of the subunits{8—20). Chi-square values were calculated to test for allele was more hexaploid in Japanese wheat seed storage
frequency differences among th®lu-D1f alleles. Frequencies of  proteins than anywhere else in bread-culture zorgsThe
Japanese improved cultivars, Japanese landraces, those from other Asiapresent study also showed that tBéu-D1f allele was more
areas (Turkish, Syrian, Israeli, Iranian, Iragi, Indian, Pakistani, Butanese, hexaploid in Japan than elsewhere in Adialfle 1). The allelic
Nepalese, Myanmar, Filipino, Thailand, Indonesian, Taiwanese) and frequency of this subunit was shown to be in excess of 35%
Afg.ha‘nistan were analyzed rela_1tiv_e to the fr_equencie_s of Chinese among improved Japanese cultivars and 25.3% among Japanese
e e oo 5 s baresessqandraces, whie i as found in only § Chinese vaiees (2
expected values, and the frequencies of the cultivars from those areaﬁ\fmetles from Xmllang’Flgur? 1c 1 "a”etY from_ Jiangsu,
were observed in this study. igure lg 1 variety from ZhepgngF_lg_ure 1f; 1 variety from
Beijing, Figure 1i) and 2 Afghani varietiesHigure 1b) of wheat
(see alsoTable 1). This distribution of an adaptively neutral
character suggests a specific route of transmission for hexaploid
In this study, the 145 kDa HMW glutenin subunit controlled wheat to eastern China and the Far East, Japan. It was introduced
by the Glu-D1f allele was frequently found among improved from Afghanistan, carried to Xinjiang (in northwest China),
cultivars in Japan, as well as in the landracesh(e 1). On the Jiangsu, and Zhejiang (in southeast China), and then to southern
other hand, only a few of the Chinese and Afghani wheat Japan along the so-called Silk Road. It is believed that cultivated
varieties possessed this allele. In this study | compared ourhexaploid wheat originated in the Middle East and the Near

a Other Asian areas: Turkey, Syria, Israel, Iran, Irag, India, Pakistan, Bhutan,

RESULTS AND DISCUSSIONS

results with the results from similar studies Gfu-1 alleles East and was carried along the Silk Road through China to the
throughout the world. There were 1380 published data available Far East, Japan.
concerning the worldwide distribution of th@lu-1 alleles @, In the present study, the carriers of tB&-D1f allele were

7—16), and the frequency of the HMW glutenin alleles was found to be distributed across a limited region of Asia, only in
available for Japanese wheat varieties. These 1380 data sets wergouthern (Kanto, Tokai, Kinki, Chugoku, Shikoku, and Kyushu
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areas) and northern (Hokkaido, Tohoku, Hokuriku, and Nagano Glu-D1f allele is associated with ecogeographical parameters
areas) Japan, in Xinjiang (northwest), Jiangsu, Zhejiang (south-within Japan, a finding of great interest to Japanese wheat
east), and Beijing (northeast) China, and in Afghanistan. breeders and cereal chemis?§)( In Afghanistan, Xinjiang in
However, the allele is rare in wheat varieties from northern northwest China, Jiangsu Zhejiang in southeast China, and
Japan, China, and Afghanistaraeple 1, Figure 1). Results from southern Japan, spring and facultative types are sown in the
this study also suggest that there are no other wheat cultivarsautumn or in the spring, respectively. This style of cultivation
in any other region in Asia which possess (Bkri-D1f allele. is specific to these regions. Genotypes which were suitable for
It is well known that the frequencies &flu-Al, Glu-B] and this type of hexaploid wheat cultivation in China may have been
Glu-D1 alleles differ among hexaploid wheat varieties from selected during the process of transmission to Japan. All of the
different countries 1, 13, 20, 21). It is believed that cultivated ~ Vvarieties processing th&lu-D1f allele in northern Japan are
hexaploid wheat originated in the Middle East and the Near sown in the autumn, both spring and facultative typ2s).(
East and was carried along the Silk Road through China to the The founder principle can explain many instances of rapid
Far East, Japan. Japan is remote from most other wheat-growingspeciation and high local frequencies of alleles that appear rarely
areas in Asia. In the course of its long journey and its adaptation in other areas26). The hexaploid wheat brought to Japan likely
to diverse local environments, Japanese hexaploid wheat appeargould have included a very limited subset of the wheat found
to have depleted its genetic diversity. The frequency ofdhe in China; the founder effect described often in evolutionary
D1f allele differed between the Japanese and the other Asianjiterature is associated with gene frequencies on islands such
hexaploid wheat varieties. Therefore, it is possible that all as Japan24). It is believed that a cultivated hexaploid wheat
Japanese wheat varieties show a hexaploid heritage: this wouldhat originated in the Middle East and the Near East traveled
explain the similarities iGlu-1 patterns for all Japanese wheat. via the Silk Road through China to the Far East, Japan. Japan
It is said that there were four routes by which people moved s the most remote region in the world for hexaploid wheat
across Asia in ancient times. The first of these routes, the so- production_ With this design from China, the hexap|oid wheats
called Silk Road, ran through Afghanistan, Xinjiang (in  were exposed to a selective bottleneck induced by the external
northwest China), Gansu, Xian (in northeast China), Jiangsu, environment, as well as a founder effect (since all populations
and Zhejiang (in southeast China), eventually reaching Japanwent through a bottleneck of small size); consequently, the
(Figure 1). The second route ran through Pakistan, India, and selective bottleneck was extremely intense and, in fact, most
Myanmar and then to Yunnan in China. The third route ran gncestral varieties may be become extinct in Jagdh (
through Nepal or Pamir, Tibet, and into Sichuan in southwest In this study, the specific distribution of an adaptively neutral

China or Xian in northeast China. The final route was directly ot e
. . . . characteristic (th&lu-D1fallele) suggested a transmission route
into southern China. by boat from Indid, (5, 22, 23). With for hexaploid wheat into eastern China and Japan. The hexaploid

regard to these routes across Asia, the distribution ofthe - . X
. . . wheat was introduced from Afghanistan, moved through Xin-
D1 alleles is very interesting. Of th@lu-D1 alleles,Glu-D1a jiang (in northwest China), into Jiangsu and Zhejiang (in

andGlu-D1falleles were common in Japanese hexaploid wheat; southeast China), and then into southern Japan along the so-

the Glu-Dlaallele was hexaploid in wheat varieties from "?1” called Silk Road. The results presented here indicateGhat
over Japan, whereas tii&du-D1f allele was present predomi- . . ; L
D1 allele analysis is a powerful tool in the investigation of the

nantly n _the south Z4). This f|nd|_ng may a!so suggest a real transmission routes of hexaploid wheat across Asia and
transmission pattern for hexaploid wheat in Japan. First, .
into the Far East, Japan.

hexaploid wheat (characterized by B&-D1aor theGlu-D1f
allele) arrived in Japan and became distributed across southern

Japan; wheat was then transmitted northward through JapanACKNOWLEDGMENT
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