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Abstract: The HMW glutenin subunit (HMW-GS) allelic variations of two hundred and
twenty nine Tibetan wheat landraces were analyzed by using SDS-PAGE analysis.
Seventeen different allelic variations were detected in the evaluated accessions, which were
three alleles at the Glu-41 locus, mne alleles at the Giu-B1 locus and five alleles at the
Glu-D 1 locus, tespectively. Two novel HMW-GS, designated as 5** at the Glu-D7 in
As1243 and 6** at the Glu-B7 locus in As1510, were screened out. Based on the present
results and previous results, it was suggested that the HMW-GS combinations null, 7+8,
2+12, is the predominate types in all the Chinese wheat landraces. It was noteworthy that
5+10, the generally accepted HMW-GS pairs endowing wheat with good bread making
quality at Glu-D 1, could be detected in Tibetan wheat landraces, which have been found
very rare in other Chinese wheat landraces. Additionally, the rare subunit combinations 2+10
and 2.1+10.1 were respectively found in Tibetan wheat landrace.
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INTRODUCTION

The main storage proteins in the wheat seed endosperm comprise glutenins and gliadins. The
glutenins include two different components, high molecular weight glutenin subunits (HMW-GS) and
low molecular weight glutenin subunits (LMW-GS) (Lawrence and Shepherd, 1981; Wim and Delcour,
2002). The numbers and combinations of the functional HMW-GS have a profound influence on the
end use quality of wheat flours (Shewry ef af., 1995; Shewry and Halford, 2002; Wim and Delcour,
2002). In hexaploid wheat (Tritizon aestivium 1, AABBDD, 2n = 6x = 42), there are three different loci,
designated as Glu-41, Glu-B1 and Glu-D 1, respectively, encoding for HMW-GS on each of the 1AL,
1BL and 1DL chromosome arms (Lawrence and Shepherd, 1981; Wim and Delcour, 2002). Each locus
displays allelic variation that causes differences in protein composition and thus results in differences
in baking quality processing among wheat cultivars (Branlard and Dardevet, 1985; Payne ef al., 1987,
1988; Luo ef ad., 2001). Usually, cach locus encodes one x and one v type HMW-GS. Owing to gene
silencing, there are three to five HMW-GS expressed in hexaploid wheat in most cases, that is two by
Glu-D 1, one or two by Glu-B 1 and one or zero by Giu-A417 loci, by using sodium dodecyl sulphate
polyacrylamide gel electrophoresis (SDS-PAGE) (Payne and Lawrence, 1983).

Wheat landrace have many desirable characters and traits that are valuable for wheat breeding.
Introduction of these desirable characters and traits into advanced wheat lines has been the practicable
way to improve wheat yield, resistance to biotic and abiotic stress as well as processing quality. China
has some endemic wheat, including the Sichuan white wheat complex (Triticum aestivum 1), the
Tibetan semi-wild weedrace (7. aestivium var. fibetaman (Shao) Yen et I.L. Yang), Yunnan hulled wheat
(T. aestivim conev. Yunnanense King ex Yen and I.L. Yang), Xinjiang rice wheat (7. petropaviovskys
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Udacz. and Migusch.) (Shao ef af., 1980; Dong et af., 1981, Yen ef al., 1988). The HMW-GS
compositions of Sichuan white wheat complex, Xinjiang rice wheat and Tibetan semi-wild weedrace
wheat have been investigated, which showed a low level of diversity for HMW-GS (Wei et af. 2000,
2001). Besides these endemic wheats, there are many other bread wheat landraces. For example, In
Tibet, besides the semi-wild weedrace wheat, which has special characters, such as the hulled glume
and spike disarticulation, there are many bread wheat landraces. However, there is no information on
HMW-GS composition for these wheat landraces.

The objective of this study was to detect the allelic variation of HMW-GS in 229 accession of
Tibetan bread wheat landrace using sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE). The information provided in present study will be valuable for the development of
breeding strategies to improve bread-making quality.

MATERIALS AND METHODS

Two hundred and twenty nine Tibetan hexaploid wheat landraces were investigated for HMW-GS
compositions (Table 1). All of these landraces were collected from Tibetan in 1988 with the financial
support of IBPGR, FAO and UN and conserved in the Triticeae Research Institute of Sichuan
Agricultural University, Sichuan, China.

Table 1: Materials used in this study

Origin Nao. Cultivars

Mozhugongka 88 As1010 Asl243  Asl255 Asl267 Asl531 Asl544 As2056  As2068
Asl011 Asl245  Asl256 Asl268 Asl532 Asl772 As2058  As2069
As1013 Asl246  Asl1257 Asl271 Asl534 Asl773 As2059  As2070
Asl014 Asl247  Asl1258 Asl272 Asl535 As2048 As2060  As2072
Asl015 Asl248  Asl1259 Asl273 Asl536 As2049 As2061 As2073
Asl016 Asl249  Asl1260 Asl274 Asl537 As2050 As2062 As2074
As1238 Asl250  Asl262 Asl276 Asl538 As2051 As2063  As2075
As1239 Asl251  Asl263 Asl527 Asl540 As2052 As2064  As851
As1240 Asl252 Asl2e4 Asl528 Asl541 As2053 As2065  As935
Asl1241 Asl253  Asl265 Asl529 Asl542 As2054 As2066  WL301
As1242 Asl254  Asl266 Asl530 Asl542 As2055 As2067 Y1882

Duilongdeqing 25 Agl277
As1280 Asl284  As1288 Asl291 Asld42 Aslddo Asl449  As1520
As1282 Asl285  Asl1289 Asl293 Asld44 Aslda7 Asl518  As1521
As1283 Asl286  As1290 Asgl294 Asld45 Asl448 Asl519  Agl522

RikaZe-Lasha 33 As1296 Asl302  Asl372 Asl376 Asl380 Asl387 Asl391 As1401
As1297 Asl366  Asl373 Asl377 Asl381 Asl388 Asl392  As1402
As1298 Asl367  Asl374 Asl378 Asl382 Asl389 Asl393  Asg1403
As1300 As1371 As1375 As1379 As1383 As1390 As1396 As1404
As1301

Qushui 26 As1303 Asl313  Asl317 Asl32l Asl324 Asl341 Asl410  Asld26
As1305 Asl314  Asl319 Asl322 Asl339 Asl342 Asldll As1428
As1309 Asl315  Asl320 Asl323 Asl340 Asl409 Asld424  AslT76
Asl311 Asl3l6

Lasha 3 As1343 Asl344  Asl345

Gongga 11 As1346 Asl348  Asl350 Asl353 Asl355 Asl356 Asl507  As1508
Asl1347 Asl349  Asl351

Naidong 11 Asl431 Asl433  Asl435 Asld37 Asl439 Asl440 Aslddl As1407
As1432 Asld434  Asl436

Naidong

-Qiongjie 13 As1490 Asld94  Asl496 Asl500 Asl502 Asl504 Asl505  As1506
As1493 Asl495  Asl1499 Asl501 Asl503

Zedang 8 As1510 AslS511 AslS12 Asl513 Asl514 Asl515 AslSle  AslS17

Gongbujiangda 5 Asl484 Asl1523  Asl1524  Asl525 AslS26

Jiangzhi 5 As1405 Asl408  Asl450 Asld52 Asl779

Qiongjie 1 Agl483

Total 229

Ag is the code by Triticeae research institute, Sichuan Agriculture University
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To determine the electrophoretic mobility of each HMW-GS by SDS-PAGE, standards of
Chinese Spring (-, 7+8, 2+12), Chuanyu 12 (1,7+8, 5+10), Longfumai 1(2*, 7+9, 5+10), Xiaoyan
6(-, 14+15, 2+12) and Chuannong16 (1, 20, 5+10) that included the specific subunits in the landraces
were used. These landraces were analyzed by SDS-PAGE on December 2006 at Triticeae Research
Institute of Sichuan Agricultural University according to the procedure of Yan ez of. (2002). Half of
the wheat grains were ground into powder and added HMW-GS extraction buffer with 0.625 M
Tris-HC1 buffer (pH 6.8) containing 2% (w/v) SDS, 10% (v/v) glycerol and 2 % P-mercaptoethanol,
0.002% (w/v) bromophenol blue and were shaken four times and left at room temperature for 2 h. The
suspension was heated at 95°C for 5 min. The supernatant solution was obtained by centrifugation
at 6000x g for 5 min and a 10 pL of the supernatant solution was loaded into a sample well of the
SDS-PAGE gel. The electrophoresis was performed at 20 mA by constant current for about 2 h until
the tracking dye (bromophenol blue) migrated off the gel. The gels were stained with 0.01% (W/V)
Coomassie Blue R250 for 30 min.

During the scoring of the HMW-GS for each accession, the nomenclature system for allelic
variation at Glu-4 1, Glu-B1 and Glu-D 1 loci by Payne and Lawrence (1983) was adopted. The HMW
Glu-1 quality scores were determined the same as that by Payne er al. (1987).

RESULTS

For the 229 Tibetan wheat accessions (Table 1), a total of 19 different combinations (Table 2) and
17 different allele variants (Table 3) (three alleles at the Glu-417 locus, nine alleles at the Giu-BI locus
and five alleles at the Gfi-D 1 locus, respectively) were detected in the evaluated aceessions. Two
types of novel x-type HMW-GS alleles, one at the G/u-B7 locus in As1510 and the other at the
Glu-D1 locus in As1243, were screened out. We designated the novel x-type HMW-GS in Glu-B1 of
As1510, the electrophoretic mobility of this subunit situated between HMW-GS Bx6 and Bx7, as 6**.
We also designated the novel x-type HMW-GS in the Glu-D1 of As1243, the electrophoresis mobility
of this subunit was faster than that of Dx35, as 5**(Fig. 1).

At the Glu-A1 locus, two active HMW-GS, 1 and 2*, were detected. The null type gene Glu-4 le,
encoding no HMW-GS on chromosome 1A, was observed at a very high frequency of 94.32% in the

Table 2: Frequencies for HMW glutenin subunit compositions of 229 Tibetan wheat

Locus

Glu-A1 Glu-Bli Glu-Di Representatives No. of varieties Frequencies (%6) Quality scores
Null 7+8 2+12 As1242 175 76.42 3]
Null 6+8 2+12 Asl1513 11 4.80 4
Null 7 2+12 As1383 11 4.80 4
1 7+8 2+12 As1342 7 3.06 8
Null 7+8 2+10 As2059 5 218 ?
Null 21 2+12 As1428 3 1.31 ?
Null 22 2+12 As2060 2 0.87 ?
Null 17+18 2+12 As2066 2 0.87 6
Null 64+8 2+12 Agl5ll 2 0.87 ?
Null 7+8 2.1+10.1 As2072 2 0.87 ?
Null 7+8 5+10 As1507 1 0.44 8
Null 20 2+12 As1309 1 0.44 ?
1 20 2+12 As851 1 0.44 ?
1 17+18 5+10 As1531 1 0.44 10
1 7+8 5+10 As1772 1 0.44 10
Null 79 2+12 As1532 1 0.44 5
1 7+9 5+10 As1393 1 0.44 9
20 7+8 2.1+10.1 As1015 1 0.44 ?
2% 78 5¥4+10 Asl243 1 0.44 ?

?PRepresent the quality scores of some HMW ghitenin subunit allelic locus has not assigned, so the total quality scores
could not be accounted
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Table 3: Frequencies for HMW glutenin subunit at Glu-A1, Ghu-Bi and Glu-Dl, respectively

Locus Subunit No. of varieties Frequencies (%0)
Glu-A1 Null 216 94.32
1 11 4.80
2% 2 0.88
Glu-B1 7+8 193 84.28
7 11 4.80
6+8 11 4.80
21 3 1.31
17+18 3 1.31
6F%+8 2 0.87
7+9 2 0.87
20 2 0.88
22 2 0.88
Glu-D1 2+12 216 94.32
2+10 5 2.18
5+10 4 1.75
2.1+10.1 3 1.31
S*+10 1 043
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Fig. 1. Two novel high molecular weight glutenin subunits in Tibetan wheat, 1. Chinese Spring
2. Chuanyul2 3. As1243 4. As1513 5. As1510 6. Chinese Spring
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229 Tibetan wheat accessions. The two types of the active HMW-GS 1 and 2* were found at a very
low frequency of 4.80% and 0.88%, respectively (Table 3), indicating that the predominate HMW-GS
type at this locus is the null type.

Among the three loci of Glu-B1, Glu-A1 and Giu-D I, Glu-B1 showed highest variations. There
were mne alleles at the Glu-BI locus. i.e., 7+8, 7, 6+8, 21, 17+18, 0**+8, 7+9, 20 and 22. The
predominate HMW-GS type at Giu-B1 locus was 7+8 (at a frequency of 84.28%).

In the Giu-D 1 locus, the predominate HMW-GS type was 2+12 (at a frequency of 94.32%). The
remaining other four HMW-GS were 2+10, 5+10, 2.1+10.1 and 5**+10, at low frequencies of 2.18,
1.75, 1.31 and 0.43%, respectively. Though HMW-GS combination 2+12 was the predominant
HMW-GS type at this locus; the frequency of the other four HMW-GS type were different from the
other investigation. It is interesting that, HMW-GS 5+10, the generally accepted subunit pair with
good baking quality in wheat flour, is very rare in other Chinese wheat landraces but can be detected
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in Tibetan common wheat landraces. Similarly, The HMW-GS 2+10 were found to be very rich in
Aegilops tauschii, D genome progenitor of the bread wheat, but very rare in bread wheat. However, this
study indicated that 2+10 existed in Tibetan wheat landraces. Similarily, subunits 2.1+10.1, mainly
occur inAegilops tauschii and are very rare in common wheat (Lagudah and Halloran, 1988), but are
also found in Tibetan wheat landraces.

From the HMW-GS composition at the three loci Glu-41, Giu-B1 and Glu-D 1, the predominate
HMW-GS composition was null, 7+8, 2+12. In one hundred and seventy-five accessions the subunit
composition had a frequency of 76.42%. The quality score for most Tibetan wheat lines was 6, but
two accessions have the quality score of 10. Some accessions could not assigned a total quality score,
because some HMW-GS, such as 6%¥*+8, 2+10. 21, 22, 2.1+10.1, 20, 5**+10, do not have a generally
accepted quality score.

DISCUSSION

Based on the investigation of the HMW-GS composition in 229 accession of Tibetan wheat
landraces and previous studies (Wel ef af., 2000, 2001; Zhang ef al., 2002, Wang ef af., 2005), it is
suggested that HMW-GS combination null, 7+8, 2+12 1is the predominate type in all of the Chinese
wheat landraces. However, there were differences in Sichman bread wheat, showing a percentage up to
97.8% (87 out of 89 accessions), which was much higher than that of Tibetan landrace wheat, in which
the percentage is 76.42% (175 out of 229 accessions).

In the three different loci encoding for HMW-GS in the hexaploid wheat, the number of variations
showed in all of the Chinese wheat landraces differently from each other. The common is that Giu-Bl
detected most variations than both Glu-417 and Ghe-D 1 did. However, the types detected at the same
HMW-GS locus in different Chinese endemic wheat are not the same. In Giu-4 1, the Tibetan wheat
landraces showed all the three types (null, 1, 2*), while Sichuan white wheat complex and Tibetan
semi-wild weedrace wheat detected HMW-GS null and 1 and Yunnan hulled wheat and Xinjiang rice
wheat showed only the null type at this locus (Wang et al., 2005, Wei ef al., 2000, 2001). In Giu-B1,
the Tibetan wheat landrace detected nine variations, while Yunnan hulled wheat, Xinjiang rice wheat
and Tibetan weedrace wheat detected three, four and three types, respectively (Wei et al., 2000, 2001).

In Giu-D 1, Tibetan wheat showed five vanations, while other Chinese endemic wheat showed
only 2+12 at this locus except for Xinjiang rice wheat. It is very interesting that both Xijiang rice wheat
and Tibetan wheat can showed the HMW-GS 5+10, the one with good baking quality but this is rare
in wheat landraces (Wei ef af., 2000, 2001; Zhang ez @/., 2002) and 2.1+10.1, the one very rare in
commeon wheat and absent in other Chinese endemic wheat is rich in.degilops fauschii (Lagudah and
Halloran, 1988).

As a whole, it can be conclude that Tibetan wheat has the richest polymorphism in HMW-GS
composition among all of the Chinese endemic wheat, including Sichuan white complex, Xijiang Rice
wheat, Yunnan hulled wheat and Tibetan weedrace wheat.
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