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Abstract 

 

Variations in high-molecular-weight glutenin subunits (HMW-GS) at the Glu-1 loci were studied by sodium dodecyl sulfate 

polyacrylamide gel electrophoresis (SDS-PAGE) method among 1942 advanced lines and cultivars from eight wheat-growing zones 

in China. There were 26 alleles and 83 types of HMW-GS composition detected, including some interesting and unique alleles and 

allelic compositions. Among the 26 alleles, the most frequent HMW-GS alleles were null at the Glu-A1 locus, 7+8 and 7+9 at the 

Glu-B1 locus, and 2+12 at the Glu-D1 locus. The HMW-GS compositions N, 7+8, 2+12 and N, 7+9, as well as 2+12 more frequently 

occurred than others among the 1942 wheat cultivars and advanced lines. The results can provide useful information for breeding 

programmes to improve bread-making quality and develop new cultivars. 

 

Keywords: HMW-GS; allelic variation; Growing zone; wheat. 

Abbreviations: HMW-GS - High-molecular-weight glutenin subunits; SDS-PAGE - Sodium dodecyl sulfate polyacrylamide gel 

electrophoresis. 

 

 

Introduction  

 

Wheat storage proteins, gliadins, and glutenins are the main 

components of gluten. They are the main contributors to the 

rheological and bread-making properties of wheat flour. 

Gluten proteins, which are polymeric with disulphide bonds 

linking the individual glutenin subunits, give dough its 

unique viscoelastic properties. Although high-molecular- 

weight glutenin subunits (HMW-GS) constitute only 10% of 

the storage protein of the wheat endosperm (Payne et al., 

1981), genotypic variations of HMW-GS have proven to be 

important in determining bread-making quality in many 

countries (Lawrence, 1986; Randall et al., 1992; Ahmad et al., 

1998; Igrejas et al., 1999; De Bustos et al., 2001; 

Rodriguez-Quijano et al., 2001). Studies on the genetic 

determinism of wheat glutenin have revealed that HMW-GS 

genes are located on the long arm of chromosomes 1A, 1B, 

and 1D at loci Glu-A1, Glu-B1, and Glu-D1, respectively. 

And each Glu-1 locus consists of two tightly linked genes, 

which code for x- and y-type subunits (Payne 1987). In 

hexaploid wheat, the Glu-A1 locus codes for 1Ax or null (N) 

subunit, whereas the Glu-B1 locus usually codes for 1Bx and 

1By. Sometimes, Glu-B1 codes for 1Bx or 1By subunits 

only; and the Glu-D1 locus codes for 1Dx and 1Dy subunits. 

Thus, for hexaploid wheat, each genotype usually produces 

three to five HMW-GS (Payne and Lawrence, 1983). For 

each HMW-GS-coding locus, a high degree of polymorphism 

has been revealed by Sodium dodecyl sulphate  

polyacrylamide gel electrophoresis (SDS-PAGE) for bread  

 

and durum wheat (Payne and Lawrence, 1983; Gupta and 

MacRitchie 1991; Branlard et al., 1989). Based on quality 

scores assigned to individual HMW-GS or HMW-GS pairs 

by Payne (1987) and Lukow et al. (1989), the relation of 

allelic variations at the three Glu-1 loci with bread-making 

quality has been thoroughly studied. Numerous studies have 

revealed that the allelic variations at the loci play a crucial 

role in determining dough viscoelastic properties (Lawrence 

1986; Randall et al., 1992; Ahmad et al., 1998; Igrejas et al., 

1999; De Bustos et al., 2001; Rodriguez-Quijano et al., 2001). 

The variations can account for 50%–70% of the genetic 

variation for dough quality in wheat from Britain, Spain, and 

Canada (Payne and Lawrence, 1983; Payne et al., 1987; 

Lukow et al., 1989). Studies show that subunit pair 5+10 at 

the Glu-D1 locus has played a very important role in the 

bread-making quality (Rooke et al., 1999; Popineau et al., 

2001). Similarly, recent studies have revealed that subunit 

pair 14+15 at the Glu-B1 locus has a significant positive 

effect on the dough viscoelastic properties (Liu et al., 2005; 

Deng et al., 2011). As one of the largest wheat-growing 

countries, China plants about 25 million hectares of wheat a 

year. Owing to variations in the ecological conditions of 

different wheat-growing areas, China has been divided into 

10 different zones based on the ecological type: the North 

Plain Winter Wheat Zone (Zone I), Yellow and Huai River 

Valley Facultative Wheat Zone (Zone II), Lower Yangtze 

River Valley Winter Wheat Zone (Zone III), Southwestern 
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    Table 1. Distribution of 1942 advanced wheat lines and cultivars from eight ecological wheat zones in China. 

 Zone I Zone II Zone III Zone IV Zone VI Zone VIII Zone IX Zone X 

No. of genotypes 322 852 74 326 59 130 23 156 

Frequencies (%) 16.6 43.9 3.8 16.8 3 6.7 1.2 8 

 Note: See text for explanation of ecological zones. 

 

 

 
 

Fig 1. Distribution of 10 wheat-growing ecological zones in China (Zhuang and He, 2003). 

 

Winter Wheat Zone (Zone IV), Southern Autumn-Sown 

Spring Wheat Zone (Zone V), Northeastern Spring Wheat 

Zone (Zone VI), Northern Spring Wheat Zone (Zone VII), 

Northwestern Spring Wheat Zone (Zone VIII), 

Qinghai-Tibetan Plateau Spring-Winter Wheat Zone (Zone 

IX), and Xinjiang Winter-Spring Wheat Zone (Zone X) 

(Zhuang and He, 2003; Fig 1). Among the ten zones, Zones I, 

II, III, IV, and VI account for about 85% of the wheat 

growing area and production in China. Among these five 

zones, Zone II is the largest area, with an annual wheat 

acreage of around 12 million hectares. It accounts for about 

40% of the national wheat area and 65%-70% of the total 

wheat production in China (Liu et al., 2005). In the present 

study, 1942 advanced lines and cultivars from eight of the ten 

Chinese wheat-growing zones were analysed (excluding 

Zones V and VII). The aims were to screen current allelic 

variations in the HMW-GS of Chinese wheat, and provide 

this information to wheat-breeding programmes for the 

selection of the best parent genotypes to improve the 

bread-making quality of wheat.  

 

Results  

 

Distribution of 1942 advanced lines and cultivars in eight 

different ecological zones 
 

Based on growth habits, origins, and breeding locations of 

the advanced lines and cultivars, 1942 genotypes were 

procured from 8 of the 10 different wheat ecological zones in 

China (Table 1). The genotypes included 322 from Zone I, 

852 from Zone II, 74 from Zone III, 326 from Zone IV, 59 

from Zone VI, 130 from Zone VIII, 23 from Zone IX, and 

156 from Zone X. The lines came from eight zones and 

nearly half was from Zone II, which is where about 40% of 

wheat in China is produced.  

 

Variations in HMW-GS  
 

The variations in HMW-GS at the Glu-1 loci are shown in 

Table 2. A total of 26 different HMW-GS individual or pairs  

 

of subunits were detected in the 1942 advanced lines and 

wheat cultivars. Three subunits (1, 2*, and N) were identified 

at the Glu-A1 locus. In particular, subunits N and 1 were the 

most frequent and present in 53.3% and 40.8% of the lines, 

respectively. The number of cultivars with subunit 2* at the 

Glu-A1 was relatively small. At the Glu-B1 locus, there were 

15 alleles of subunit pairs. Among them, the frequencies of 

subunit pairs 7+8 and 7+9 were much higher than those of 

others. The frequency of subunit pairs 14+15 was also high 

among the remaining types. And there were some single or 

completely absent subunits. There were 8 alleles of subunits 

pairs detected at the Glu-D1 locus. Among them, subunit pair 

2+12 had the highest proportion, with a frequency of 69.3%. 

Next was subunit pair 5+10 (27.8%), which was not observed 

in wheat from Zone IX. The frequencies of the other subunit 

pairs were very small. Single subunits such as 2 and 12 were 

also detected. Therefore, the most frequent subunits and 

subunit pairs of wheat cultivars grown in China are N and 1 

at Glu-A1, 7+8 and 7+9 at Glu-B1, as well as 2+12 and 5+10 

at the Glu-D1 locus. From the eight ecological zones studied, 

subunits N and 1 at the Glu-A1 locus had the highest 

proportion. The frequency of subunit N was generally higher 

than that of subunit 1, except in Zone VIII, in which there 

was no difference in frequency between the two subunits. At 

the Glu-B1 locus, subunit pairs 7+8 and 7+9 were prevalent. 

The frequency of subunit pair 7+8 was higher than that of 

7+9 in seven zones (Zones I, II, III, IV, VIII, IX, and X), 

with the exception of Zone IX, where 7+8 was replaced by 

6+8. In Zone VI, the frequency of 7+9 was higher than that 

of 7+8. In Zones II, III, and IV, 14+15 had the second highest 

proportion. Subunit pairs 6+8 in Zone I and 17+18 in Zone 

VIII were the third highest in frequency. At the Glu-D1 locus, 

2+12 showed the highest frequency. The good quality 5+10 

showed the highest proportion in all zones except in Zone IX, 

where 2+12 dominated and two single alleles occurred. There 

was a significant allelic variation in HMW-GS at Glu-1 locus, 

particularly for allelic variants at the Glu-B1 and Glu-D1 loci. 

A total of 83 types of HMW-GS compositions were found. 

Among them, there were 16 major types of HMW-GS 

composition (Table 2), explaining 86.5% of the variation.  



914 

 

  Table 2. Frequencies (%) of HMW alleles (glutenin subunits) in 1942 wheat genotypes from eight ecological zones in China. 

Frequency (%) 
Locus Allele/subunit 

No. of 

samples Total Zone I Zone II Zone III Zone IV Zone VI Zone VIII Zone IX Zone X 

Glu-A1            

a 1 792 40.8 28.6 47.7 29.7 43.3 61.0 43.9 0.0 24.4 

b 2* 115 5.9 5.3 2.7 1.4 7.7 28.8 13.1 0.0 9.6 

c Null 1035 53.3 66.2 49.7 68.9 49.1 10.2 43.1 100.0 66.0 

Glu-B1            

d Null 1 0.1 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 

e 6 3 0.2 0.0 0.0 0.0 0.9 0.0 0.0 0.0 0.0 

f 6+8 75 3.9 7.5 2.7 0.0 2.8 0.0 3.1 21.7 6.4 

g 7 76 3.9 0.9 0.8 4.1 14.7 0.0 0.8 0.0 9.0 

h 8 2 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.6 

i 7+8 871 44.9 47.2 44.7 59.5 35.9 45.8 52.3 78.3 41.0 

j 7*+8 1 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 

k 7+9 671 34.6 38.2 37.7 21.6 28.8 50.9 26.9 0.0 33.3 

l 7*+9 1 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 

m 13+16 19 1.0 1.2 1.2 0.0 0.9 0.0 0.0 0.0 1.3 

n 13+19 2 0.1 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 

o 14+15 117 6.0 2.8 9.9 12.2 4.0 0.0 0.8 0.0 0.6 

p 17+18 53 2.7 2.2 1.2 0.0 2.8 4.0 10.8 0.0 7.1 

q 20 44 2.3 0.0 1.3 2.7 8.9 0.0 0.8 0.0 0.6 

r 22 6 0.3 0.0 0.0 0.0 0.0 0.0 4.6 0.0 0.0 

Glu-D1            

s 2+12 1346 69.3 67.4 71.8 77.0 66.6 69.5 62.3 95.7 63.5 

t 2.2+12 1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6 

u 3+12 14 0.7 0.0 1.3 0.0 0.6 0.0 0.0 0.0 0.6 

v 4+12 27 1.4 1.2 1.4 0.0 1.8 0.0 0.8 0.0 2.6 

w 5+12 11 0.6 0.0 1.2 0.0 0.3 0.0 0.0 0.0 0.0 

x 5+10 540 27.8 31.4 24.2 23.0 30.7 30.5 36.2 0.0 32.7 

y 12 2 0.1 0.0 0.1 0.0 0.0 0.0 0.8 0.0 0.0 

z 2 1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 4.3 0.0 

 

 

The other 57 subunits contributed only 13.5%. Among the 16 

major types of HMW-GS composition, there were 3 types of 

HMW-GS composition that showed the highest frequencies 

and comprised nearly 50% of the total. They were N, 7+8, 

2+12; N, 7+9, 2+12; and 1, 7+8, 2+12. The other subunit 

combinations had low and variable frequencies in the 1942 

wheat cultivars and advanced lines evaluated.  

 The subunit composition N, 7+8, 2+12 was dominant in all 

zones except Zone VI, where it was lower than 1, 7+9, 2+12 

and 1, 7+8, 2+12. Subunit composition N, 7+9, 2+12 had the 

second highest frequency in all zones except Zone VI. 

However, in zone VI, N, 7+9, 2+12 was similar to subunit 

composition N, 7+8, 2+12. The subunit composition 1, 7+8, 

2+12 was the third in frequency but lower at Zones I and X. 

The subunit composition 1, 7+9, 2+12 had the highest 

frequency at Zone VI, and but varied in frequency in the 

other zones. The four types of subunit composition were 

observed the most frequently (53.4%) in the 1942 genotypes 

of wheat cultivars and advanced lines. On the contrary, wheat 

cultivars and advanced lines with subunit compositions 

containing subunit pair 5+10 at Glu-D1 locus were lower in 

frequency in the major Chinese wheat-growing zones. 

Among the remaining HMW-GS composition types (Table 3), 

there were some high-quality HMW-GS composition types 

and also some single subunit composition types such as 6, 7, 

and 8 at Glu-B1 locus, as well as 2 and 12 at Glu-D1 locus, 

which coded for the x-type or y-type only. Interestingly, there 

was an advanced line with subunit composition 2*, N, 5+10. 

Glu-B1 locus contained a silent subunit that did not code for 

Bx or By. 

 

Distribution of cultivars with high-quality subunit pairs 

5+10 and 14+15 across different periods 
 

Based on the breeding period, the cultivars and advanced 

lines that had subunit pair 14+15 at Glu-B1 loci or subunit 

pair 5+10 at Glu–D1 loci were divided into five different 

periods (Tab. 5). The results reveal that subunit pairs 14+15 

and 5+10 were lower in frequency during the 1960s and 

1970s than from the 1980s to 2000s. Especially, 14+15 had 

the highest proportion and frequency of 50.4% during the 

1990s.  
 

Discussion  

 

An overall analysis reveals significant variations in 

HMW-GS in Chinese wheat cultivars and advanced lines. 

These variations can provide abundant genetic resources for 

quality improvement. The frequencies in HMW-GS differ 

across ecological zones, likely due to the end-use quality, 

breeding history, and regional adaptation. As the most 

important wheat production zone, the Yellow and Huai River 

Valley Facultative Wheat Zone (Zone II) has the highest 

proportion of subunit N at Glu-A1, 7+8 at Glu-B1, and 2+12 

at Glu-D1. This result reveals that wheat bread-making 

quality in China is lower than that in other countries. For a 

long time, high yield has been the first priority of wheat 

breeders in China because of the high demand in wheat 

production to support the rapidly growing population. The 

emphasis on yield may be the main reason for the low 

frequencies of high-quality subunits in current Chinese wheat  
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 Table 3. Frequencies (%) of main HMW-GS composition types in 1942 wheat genotypes from eight wheat-growing zones in China. 

Frequency (%) 
Genotypes 

 

No. of 

samples 
Total Zone I Zone II Zone III Zone IV Zone VI Zone VIII Zone IX Zone X 

Total types 1942 100 36.1 66.3 18.1 47.0 16.9 31.3 3.6 41.0 

N, 7+8, 2+12 393 20.2 22.7 19.5 29.7 12.9 3.4 26.2 73.9 19.9 

N, 7+9, 2+12 298 15.3 20.8 18.9 9.5 10.4 1.7 5.4 0.0 13.5 

1, 7+8, 2+12 205 10.6 6.5 13.0 9.5 10.1 18.6 11.5 0.0 4.5 

1, 7+9, 2+12 141 7.3 5.6 8.9 4.1 4.3 28.8 5.4 0.0 6.4 

1, 7+8, 5+10 128 6.6 5.6 8.2 4.1 5.8 6.8 6.9 0.0 3.2 

1, 7+9, 5+10 109 5.6 5.6 5.6 1.4 6.4 5.1 9.2 0.0 3.8 

N, 7+8, 5+10 81 4.2 9.3 1.6 6.8 4.0 3.4 3.1 0.0 8.3 

N, 7+9, 5+10 66 3.4 5.3 1.4 6.8 5.5 1.7 3.1 0.0 5.8 

1, 14+15, 2+12 57 2.9 0.6 4.5 2.7 2.5 0.0 0.0 0.0 0.6 

N, 6+8, 2+12 41 2.1 4.7 1.2 0.0 0.9 0.0 0.8 21.7 4.5 

N, 7, 2+12 37 1.9 0.3 0.1 0.0 0.9 0.0 0.0 0.0 4.5 

N, 14+15, 2+12 32 1.6 0.3 2.6 2.7 2.5 0.0 0.8 0.0 0.0 

2*, 7+8, 2+12 25 1.3 1.9 0.2 1.4 1.2 5.1 3.8 0.0 2.6 

1, 20, 2+12 24 1.2 0.0 0.7 0.0 5.5 0.0 0.0 0.0 0.0 

1, 17+18, 5+10 22 1.1 1.2 0.8 0.0 1.2 1.7 4.6 0.0 0.0 

M
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2*, 7+9, 5+10 20 1.0 0.9 1.1 0.0 1.2 1.7 0.0 0.0 1.9 

Others 263 13.5 5.6 11.6 21.6 24.5 22.0 19.2 4.3 20.5 

 

 

 

cultivars and advanced lines. Although there are low 

frequencies of high-quality subunit pairs such as 5+10 and 

17+18 across the Chinese wheat ecological zones, a relatively 

higher proportion of the desired subunit combinations is 

identified in the Northwestern Spring Wheat Zone than other 

zones. Noodles are the main daily diet of residents in this 

zone; thus, wheat cultivars with good dough viscosity and 

strength are needed. This demand may be the main reason for 

the higher frequencies of 5+10 and 17+18 in this zone. The 

overexpression of the Glu-B1-encoded subunit Bx7 (Bx7OE) 

can improve dough strength in wheat cultivars (Lukow et al., 

1992; D’Ovidio et al., 1997) as demonstrated for a range of 

Australian and North American cultivars and lines (Butow et 

al., 2002; Radovanvic et al., 2002), as well as old Hungarian 

cultivars (Juhàsz et al., 2003). In the present study, subunit 

Bx7OE was present in some cultivars and advanced lines. 

According to Zhuang and He (2003), there are ten different 

wheat ecological zones in China. In the present study, 1942 

wheat cultivars and advanced lines from 8 out of the 10 

different zones were analysed, excluding Zone V and Zone 

VII. Given the current economic developmental trends in 

China, farmers in these zones have shifted to livestock and 

rice cultivation. Some interesting subunits are found in this 

study, such as the singly expressed subunits at the Glu-B1 

and Glu-D1 loci, as well as completely silent subunits at the 

Glu-B1 locus. All materials benefit the understanding of the 

genetic mechanisms of subunit gene differentiation. Allelic 

variations at Glu-1 loci have significant effects on the flour 

and bread-making quality of wheat cultivars. According to 

the quality scores assigned to individual HMW-GS or 

HMW-GS pairs by Payne (1987) and Lukow et al. (1989), 

subunits N at Glu-A1 and subunit pair 2+12 at Glu-D1 occur 

at higher frequencies in Chinese wheat than in wheat from 

other countries (Ng et al., 1989; Tahir et al., 1995; Igrejas et 

al., 1999). Therefore, investigating the subunit variations in 

different ecological zones aid the selection of the best 

genotypes and improve wheat quality for making breads in 

China. 

 

 

 

Materials and methods  
 

Materials 
 

A total of 1942 advanced lines and cultivars were collected 

from different Chinese wheat-growing zones. They 

represented the major quality and end-use types grown in 

China. 
 

Method of HMW-GS extraction 
 

About 1/3 to 1/4 of de-embryoed mature grains were crushed, 

and HMW-GS extraction was performed as described by Ji et 

al. (2008). At least three different single kernels per line or 

cultivar were analysed individually. SDS-PAGE analysis was 

performed using 8% polyacrylamide gels (C = 2.67) to 

separate HMW-G subunits. The wheat cultivars Chinese 

Spring, Cheney, and Gao8901 with known HMW-GS bands 

were used in the electrophoresis as controls. HMW-GS were 

identified on the gel patterns based on the nomenclature of 

Payne and Lawrence (1983). 
 

Conclusion 
 

After analysing 1942 advanced lines and cultivars of wheat 

procured from eight ecological zones in China, twenty-six 

alleles and 83 types of HMW-GS composition were detected. 

Among them, the frequencies of subunit N at the Glu-A1 

locus and subunit pair 2+12 at the Glu-D1 locus were higher 

than other high-quality subunits and subunit pairs. This 

finding is the main reason for the inferior quality of bread 

wheat in China. Some singly expressed subunits at the 

Glu-B1 and Glu-D1 loci, as well as completely silent 

subunits at the Glu-B1 locus were found. This information 

benefits the understanding of the genetic mechanisms of 

subunit gene differentiation. These findings allelic variations 

in HMW-GS in Chinese wheat can be used in wheat breeding 

programmes to improve bread-making quality by selecting 

the best parent or donor genotypes.  
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   Table 4. Frequencies of HMW-GS composition types in 1942 wheat genotypes from eight wheat zones in China. 

HMW-GS 

composition types 

No. of 

Samples 

Frequency 

(%) 

HMW-GS 

composition types 

No. of 

Samples 

Frequency 

(%) 

HMW-GS 

composition types 

No. of 

Samples 

Frequency 

(%) 

2*, 7+9, 2+12 18 0.93 N, 7+8, 4+12 4 0.21 2*, 17+18, 2+12 1 0.05 

1, 7, 2+12 16 0.82 1, 22, 5+10 3 0.15 2*, 20, 2+12 1 0.05 

2*,7+8, 5+10 14 0.72 2*, 6+8, 2+12 3 0.15 2*, 22, 2+12 1 0.05 

N, 14+15, 5+10 14 0.72 2*, 7, 2+12 3 0.15 2*, 22, 5+10 1 0.05 

N, 7, 5+10 12 0.62 1, 13+16, 2+12 2 0.10 2*, 6+8, 4+12 1 0.05 

1, 14+15, 5+10 10 0.51 1, 13+19, 5+10 2 0.10 2*, 6+8, 5+10 1 0.05 

1, 6+8, 2+12 10 0.51 1, 6, 5+10 2 0.10 2*, 7*+8, 2+12 1 0.05 

1, 6+8, 5+10 10 0.51 1, 6+8, 5+12 2 0.10 2*, 7+8, 12 1 0.05 

N, 17+18, 2+12 10 0.51 1, 7+9, 3+12 2 0.10 N, 13+16, 5+10 1 0.05 

N, 20, 4+12 10 0.51 1, 7+9, 5+12 2 0.10 N, 14+15, 5+12 1 0.05 

N, 13+16, 2+12 8 0.41 1, 8, 5+10 2 0.10 N, 17+18, 3+12 1 0.05 

N, 17+18, 5+10 8 0.41 2*, 7+8, 3+12 2 0.10 N, 20, 5+10 1 0.05 

N, 20, 5+10 7 0.36 N, 7+9, 4+12 2 0.10 N, 6, 2+12 1 0.05 

1, 7, 5+10 7 0.36 1, 13+16, 3+12 1 0.05 N, 6+8, 12 1 0.05 

2*, 7+9, 4+12 7 0.36 1, 17+18, 3+12 1 0.05 N, 7*+9, 2+12 1 0.05 

1, 13+16, 5+10 6 0.31 1, 20, 4+12 1 0.05 N, 7, 3+12 1 0.05 

2*, 17+18, 5+10 6 0.31 1, 22, 2+12 1 0.05 N, 7+8, 2 1 0.05 

N, 6+8, 5+10 6 0.31 1, 7+8, 4+12 1 0.05 N, 7+8, 2.2+12 1 0.05 

1, 7+8, 5+12 5 0.26 2*, N, 5+10 1 0.05 N, 7+8, 3+12 1 0.05 

1, 7+9, 4+12 5 0.26 2*, 13+16, 4+12 1 0.05 N, 7+8, 5+12 1 0.05 

1, 17+18, 2+12 4 0.21 2*, 14+15, 2+12 1 0.05 N, 7+9, 3+12 1 0.05 

1, 7+8, 3+12 4 0.21 2*, 14+15, 4+12 1 0.05    
2*, 7+8, 4+12 4 0.21 2*, 14+15, 5+10 1 0.05    

 

 

Table 5. Distribution of cultivars with the high-quality subunit pairs 5+10 and 14+15 across different periods. 

1960–1969 1970–1979 1980–1989 1990–1999 2000–present  

Subunit 

pairs No. of 

Samples 
Frequency (%) 

No. of 

Samples 

Frequency 

(%) 

No. of 

Samples 

Frequency 

(%) 

No. of 

Samples 

Frequency 

(%) 

No. of 

Samples 

Frequency 

(%) 

5+10 24 4.4 67 12.4 151 28.0 163 30.2 135 25.0 
14+15 2 1.7 3 2.6 28 23.9 59 50.4 25 21.4 
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