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plateau in China and the relationship between SGPs and starch con-
tent
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Abstract: Starch granule proteins (SGPs) are minor components bound with starch granule, which mutation may be re-
lated to starch properties. This study investigated the variation of SGPs in cultivated naked barley from Qinghai-Tibet Pla-
teau in China for the first time, and the relationship between SGPs and starch content was preliminarily done. Ten major
SGPs and 16 types of patterns were present in 66 cultivated naked varieties, indicating SGPs in cultivated naked barley
from Qinghai-Tibet Plateau in China are polymorphic. SGPs in Tibet and Sichuan naked barley were greatly different and
SGPs were specific to origin of site. Significance test analysis demonstrates SGPs described in this study except for SGP1
may be related with the variation of starch content in different naked barley.
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Table 1 List of 66 cultivated hulless cultivars from Qinghai-Tibet Plateau used in this study
()
Collecting regions Accession name Number of accession Growth Habit Altitude (m)
1  Zangqing 1 TZ01 Spring 3700
Tibet 3 Zangqing 2 TZ02 Spring 3700
21 Zangqging2 1 TZ03 Spring 3700
80 Zangging 80 TZ04 Spring 3700
85 Zangqing 85 TZ05 Spring 3700
3179 Zangqing 3179 TZ06 Spring 3700
311 Zangqing 311 TZ08 Spring 3700
148 Zangqing 148 TZ09 Spring 3700
320 Zangqing 320 TZ10 Spring 3700
815078 Spring 815078 TZ11 Spring 3700
940690 Spring 940690 TZ12 Spring 3700
QBO1 TZ13 Spring 3850
QBO02 TZ14 Spring 3850
QB09 TZ15 Spring 3850
QB24 TZ16 Spring 3850
QB16 TZ17 Spring 3850
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QB25 TZ18 Spring 3850

QB28 TZ19 Spring 3850

2 Ximala 2 TZ20 Spring 3600

4 Ximala 4 TZ21 Spring 3600

6 Ximala 6 TZ22 Spring 3600

8 Ximala 8 TZ23 Spring 3600

9 Ximala 9 TZ24 Spring 3600

10 Ximala 10 TZ25 Spring 3600

11 Ximala 11 TZ26 Spring 3600

15 Ximala 15 TZ27 Spring 3600

16  Ximala 16 TZ28 Spring 3600

19 Ximala 19 TZ29 Spring 3600

42  Ximala 42 TZ30 Spring 3600

7 Shanging 7 TZ31 Spring 3600

Lashagoumang TZ32 Spring 3700

Lashazigingke TZ33 Spring 3700

1 Dongging 1 TZ34 Winter 3700

8 Donggqing 8 TZ35 Winter 3700

11  Dongging 11 TZ36 Winter 3700

15 Dongqing 15 TZ37 Winter 3700

16  Dongging 16 TZ38 Winter 3700

96-971800 TZ39 Winter 3700

94-95-955 TZ40

wB21 TZ43 Winter 3850

WB19-97 TZ45 Winter 3850

WBO07-97 TZ46 Winter 3850

434 Zang 434 TZ78 Spring 3700

447 Zang 447 TZ79 Spring 3700

25 Zangqing 25 TZ87 Spring 3700

14 Pinbil4 TZ54 Winter 3700

3 Beiqging 3 TZ55 Spring 3700

Handizigingke SZ48 Spring 3300

Litangbaisanshe SZ50 Spring 3600

Sichuan Chungingke SZ51 Spring 3300

Changtichungingke SZ53 Spring 2300

Abasigingbailiuling SZ56 Spring 3300

Abashandan SZ58 Spring 3300

86 Hongyuan 86 SZ59 Spring 3400

Zhanglabaigingke SZ60 Spring 3100

Rangtanghuanggingke SZ62 Spring 3000

Xiaojinrilongzigingke SZ64 Spring 2000

Luobozailiuling SZ65 Spring 1900

Jinchuanliulinggingke SZ66 Spring 2000

Zumujiaoliulinggingke SZ68 2300

Baxihuigingke SZ69 Spring 3100

5 Aging 5 Sz71 Spring 3000

97039-2 SZ74 Spring 3450

Daanbaheigingke SZ75 Spring 2400
Qianninggingke SZ77 Spring

3 Kangging 3 Sz81 Spring 3450

97-9 Sz84 Spring 3450
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Table 2 Frequency of the different SGP bands identified
21 within the population studied
(%) (%) (%)
1 SGP Tibet Sichuan Total
, SGP1 100.00 100.00 100.00
10 SGP1 SGP2 34.78 55.00 40.91
' ' SGP3 39.13 35.00 37.88
SGP4 28.26 30.00 28.79
16.67%~48.48%, SGP5 SGP9 SGP5 26.09 5.00 19.70
, , SGP6 30.43 60.00 39.39
( 2 66 16 SGP7 41.30 35.00 39.39
SGP8 43.49 60.00 48.48
¢ 2 9 X SGP9 19.57 10.00 16.67
) 2 ) 19 ) SGP10 41.30 35.00 39.39
2 3 8 , 10 13
19 2 3) 2.3
2~5 4 5 ) 3 5 ) SGP 66
33.33% 43.94%( 2 4) 3 27
2.2 , 20 .7 ; 25
10 , 14 11 ;
, 14 , 12 , 2
,SGP2 6 8 ) o
' 550 , SGP
60% 60%, SGP5 SGP9
: 1 2 ( 2
12 ’ 9 , SGP ,
, 1 45 6 9 11-14;
7 , 4 2.4 SGP
, 5 7 15 16; 3 (1~2 ),
, 2 3 8 2 3) 3 ,
) 42 ) 2 3 7 8 11 13 6 SGP
27 15 Shannon ()
, 0.43 0.42, , 6 3 7
, 50.68 50.59, 4

1 (SGPs)SDS-PAGE
Fig. 1 SDS-PAGE for SGPs in naked barley
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Table 3 Types of patterns of SGPs in the hulless barley
SGPs
Patterns Band of SGPs Number of accession No. of accession No. of bands
1 SGP 1+3+ 8+ 10 TZ45 1 4
2 SGP1+3+7+9+ 10 TZ46 SZ81 SZ51 TZ2 10 5
TZ8 TZ30 TZ1TZ3
TZ29 TZ33
3 SGP1+ 3+ 7+ 10 TZ55 TZ43 SZ60 SZ69 SZ77 TZ79 SZ84 SZ68 TZ9 TZ26 13 4
TZ17TZ19TZ23
4 SGP1+3+7 TZ38 1 3
5 SGP1+ 7+ 9+ 10 TZ14 1 4
6 SGP1+7 +10 TZ32 1 3
7 SGP1+2+6+ 8 SZ50 SZ58 SZ65 SZ59 4 4
8 SGP1+2+ 4+ 6+ 8 SZ64 TZ54 SZ74 SZ56 SZ75 TZ20 TZ31 SZ62 SZ66 TZ5 19 5
TZ6 TZ27 TZ28 TZ39 TZ13 TZ35 TZ36 TZ37 TZ40
9 SGP1+ 6 TZ78 1 2
10 SGP1+ 6+8 sz71 1 3
11 SGP1+5+8 TZ4TZ127TZ22TZ21 4 3
12 SGP1+2+5+8 TZ16 TZ25 2 4
13 SGP1+5 TZ24 TZ18 TZ15TZ10 TZ34 5 2
14 SGP1+2+5 TZ11 1 3
15 SGP1+2+5+6 Sz748 1 4
16 SGP1+8 SZ53 1 2
1 23 45 6 7 8 9101112 1314 1516 54.31~56.54, 2
, 2 3
- e o =m - - - ’ 8 3 ,
_—=— == 7 - ., 22.12~28.23, 7 , 11
2 SGPs , 25.12 , 7 11
Fig. 2 Types of patterns for SGPs
4 ’
Table 4 Number of bands for SGPs per accessions in 26.09~30.37, 3 , 13 ,
hulless barley studied
28.58 , 2 3
(%)
No. of bands No. of samples  Frequency of the population(%) ) 3 8 ,
2 7 10.61
3 8 12.12
4 22 33.33 3
5 29 43.94
5
Table 5 Result of cluster analysis based on SGPs poly-
morphism ) )
Group Tibet Sichuan Spring Winter Total
20 7 23 4 27
14 11 20 5 25
12 2 13 1 14
46 20 56 10 66 66 10 SGP, 16
Total

; SGP
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, SGP 8 SGP1+3+7+9+10
12 9 SGP1+3+7+10 SGP1+2+4+6+8, SGP
; 7 L 1
4 SGP2 3 4 6 7 8 9 10
, , SGP9
, 7 11 SGP1+2+6+8,
SGP , SGP SGP1+5+8,
, SGP2 5 8
, , SGP ,
SGP1 ,
3 7
11 )
2 3
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Table 6 Significance test of starch content among types of patterns
Types of patterns Number Mean Range Significance
2 8 56.54=+3.01 53.58~61.59 bc
3 12 50.68+8.04 37.36~60.43 a
7 4 50.59=+4.22 46.87~56.66 abc
8 19 54.58+3.95 47.37~61.35 b
11 4 54.31+2.09 52.66~57.00 abc
13 55.11+3.99 49.42~58.66 abc
Total 52 53.71+5.29 37.36~61.59
Types of patterns Accessions Mean Range Significance
2 8 26.22+1.92 22.42~27.89 ab
3 12 24.55+4.80 16.66~31.82 ab
7 4 22.12+3.42 18.29~26.22 a
8 19 25.11+3.81 16.55~32.40 ab
11 4 28.23+3.77 22.59~30.41 b
13 24.74%2.22 21.95~27.69 ab
Total 52 25.12+3.77 16.55~32.40
Types of patterns Accessions Mean Range Significance
2 8 30.33%2.29 27.44~33.82 bc
3 12 26.13%5.45 16.38~35.68 a
7 4 28.46+1.83 26.01~30.44 abc
8 19 29.47x4.16 20.94~36.04 b
1 26.09=5.62 22.70~34.41 abc
13 30.374.95 21.73~33.42 abc
Total 52 28.58+4.49 16.38~36.04
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