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1 267 ()
Table 1 Details of 267 six-rowed hulless barley accessions from Qinghai-Tibetan Plateau

1D Variety name 1D Variety name 1D Variety name 1D Variety name
1 36 ( ) 71 106

Xiningbailiulenggingke Qingke(Magqin) Wuxigingke Walangingke
2 37 72 107

Xininghongjiaoni Hualongchangmanggingke Mozhugingke Changmanggingke
3 38 73 108

Changmanglangingke Dulihuang Baigingke Changshenzigingke
1 ) 39 74 109

E;icql;zgi?duanmangf Abazhougingke Lasagingke Changqingke
5 40 75 110

Langingke Heilaoya Lasabaigingke Liulengzibaigingke
6 41 76 111

Changmangbaigingke Shannandiqugingke Qushuigingke Liulengxiaogingke
7 42 77 112

Erdaomeibaiqingke Lasashiqingke Baidigingke Liulengziqingke
8 43 78 113

Erdaomeiheigingke Jiangzigalalan Nanggazizong Liulengtoubaigingke
9 44 79 114

Changmanghongqingke Lanmangdamai Tasaqingke Lijiazhuangliuleng
10 45 80 115

Baikangqing Heyingdamai Resagingke Huangyuanzigingke
11 46 81 116

Goumangzigingke Changmangheiyingdamai Tangmaiqingke Huzhuheigingke
12 47 82 117

Changmangzigingke Ziyingdamai Luobugqingke Huzhuheichangmang
13 48 83 118

Huangyuanlanqgingke Telihagingke Bannagangqingke Huzhuhongchangmang
14 49 84 119

Huangyuanbailiulengqingke Jiamandougingke Jiaqingzeqingke Huzhuziqingke
15 50 85 120

Huangyuanhuaqingke Xianglihagingke Kuxi Datongzisilengqingke
16 51 86 121

Huangyuanbailangsan Liulengduanmangqingke Baiyu Datongheiqingke
17 52 87 122

Huangzhongzaqgingke Liulengchangmangqingke Xiangqingke Leduheigingke
18 53 88 123

Huangzhongbailiuleng Ganzigingke Chabulaiqingke Leduhongjiaoni
19 54 ( ) 89 124

Datongbailiuleng Qingke(Sichuan) Handiziqingke Hualongzisileng
20 55 90 125

Datongzagingke Kamagingke Zumuzuchungingke Hualonghongjiaoni
21 56 91 126

Datonghongliuleng Telitegingke Xiaojinshalonggouwei Hualonghonggingke
22 ( ) 57 92 127

Hongqingke(Banma) Liewuzonggubuhaqingke Danbaheiqingke Hualongheichangmang
23 ( ) 58 93 128

Baigingke(Banma) Qianninggingke Wumai Xunhuashandiheigingke
24 ( ) 59 94 129

Heigingke(Banma) Gangshi Zumuzubaerbali Xunhuaheigingke
25 60 95 130

Minhechangmanggingke Changdugingke Ganziheiliuleng Xunhuahongqingke
26 61 96 131

Minhesilenglangingke Tewu Daimaogingke Guideheiqgingke
27 62 97 132

Huzhubaigingke Mali Baiyuqingke Hainanziqingke
28 63 98 133

Xunhuahongliulenggingke Zatang Ganzibailiuleng Delinghagingke
29 64 99 134

Xunhuabaigingke Jiayuqiao Minxiangingke Huangyuanheiliuleng
30 65 100 135

Changgoumangbaiqingke Luolongzong Luquzigingke Datongheiliuleng
31 66 101 136

Zikangqing Shuobanduo Dangchanglanqingke Ledubheiliuleng
32 67 102 137

Erdaomeizigingke Bianbaqingke Dangchanghuangqingke Leduhongliuleng
33 68 103 138

Goumangbaigingke Tugike Dagingke Xunhuahongliulengheiqingke
34 69 104 139

Ledusilengbaidamai Laluqingke Xiaogingke Changgoumangziqingke
35 70 105 140

Dulanchangmangbaiqingke Taizhaogingke Wupiqingke Rongqingke
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( 1 Continued table 1)

1D Variety name 1D Variety name 1D Variety name 1D Variety name

141 173 3 205 1 237 7225
Chungingke Kunlun 3 Kangqing 1

142 174 8 206 2 238 7226
Xinggingke Kunlun 8 Kangqing 2

143 (G 175 10 207 3 239 7228
Lasaqingke(Jia) Kunlun 10 Kangqing 3

144 (G 176 12 208 6 240 7229
Lasaqgingke(Wu) Kunlun 12 Kangqing 6

145 177 164 209 7 241 7230
Xueduigingke Kunlun 164 Kangqing 7

146 178 6023 210 748 242 7231
Bailangzong Chun 74S

147 179 1413 211 88 45-1 243 7232
Dagelazagingke Beiging 88 fan 45-1

148 Mali 180 6009 212 813 244 7233

149 181 1415 213 2 245 7234
Dabagqingke Ganging 2

150 182 1419 214 3 246 7235
Liulengzi Ganging 3

151 183 3917 215 4 247 7236
Jiachuanliuleng Gangging 4

152 184 6024 216 5 248 7237
Guangtoudamai Ganging 5

153 185 02 88 34 217 9640 249 7238
Laomai 02 chanjian 88 fan 34

154 -1 186 02 88 31 218 9619 250 7239
Shannannongjiapinzhong-1 02 chanjian 88 fan 31

155 -2 187 88 45-1 219 9642 251 7241
Shannannongjiapinzhong-2 88 fan 45-1

156 188 89003 A 220 9820 252 7242
Lasanongjiapingzhong 89003 huang A

157 8-4 Fu 84 189 2002-43 221 9839 253 7243

158 1 Moduoji 1 190 2002-41 222 9828 254 7244

159 1 191 02 91-13-15-53 A 223 9748 255 7245
Mennong 1 02 chanjian 91-13-15-53 A

160 1 192 02 91-41 224 13 256 7246
Dongging 1 02 chanjian 91-41 Kunlun 13

161 8 193 91 21 225 1 257 7247
Tongdexixuan 8 91 fan 21 Baging 1

162 2 194 02 17 91-88-5-4-1 226  C1386 258 7248
Huqing 2 02 pinbi 17 qu 91-88-5-4-1

163 1 195 02 7 92-32 227 861713 259 7249
Beiqing 1 02 pinbi 7 qu 92-32

ol 196 95H2-29-5-4-6 228 861918 260 7250

eiqing 2

165 3 197 02 3 94H2-23 229 861383 261 7251
Beiqing 3 02 pinbi 3 qu 94H2-23

6 198 93H2-28-2 230 861393 262 2252

eiqing

167 5 199 02 19 95H1-29-5-6-6 231 7201 263 7253
Beiqing 5 02 chanjian 19 qu 95 H1-29-5-6-6

168 6 200 02 95H-29-7-2-5 232 72220 264 7255
Beiqing 6 02 chanjian 95 H-29-7-2-5

169 7 201 02 98006 C 233 7221 265 7256
Beiqing 7 02 chanjian 98006 C

170 8 202 02 1 911-71 234 7222 266 7257
Beiqing § 02 pinbi 1 qu 911-71

171 1 203 4 235 7223 267 7259
Kunlun 1 Ximalaya 4

172 2 204 1 236 7224
Kunlun 2 Diging 1

:1~156 ,157~267 C ),

Note:1—156 were six-rowed hulless barley landraces,157—267 were six-rowed hulless barley cultivars(lines).
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2 10 Shannon-weaver
Table 2 Frequency distribution and Shannon-weaver indexes of 10 qualitative traits among

six-rowed hulless barley accessions from the Qinghai-Tibetan Plateau

Frequency distribution Shannon-

Trait Accession type weaver

1 2 3 4 5 6 7 index

Total accessions 0.955  0.041  0.004 0.20

Spike shape Landraces 0.978 0.006  0.077 0.08
() Cultivars(lines) 0.910  0.090  0.000 0. 30

Total accessions 0.228 0.378  0.394 1.07

Spike density Landraces 0.224  0.397 0.378 1.07
() Cultivars(lines) 0.234  0.351 0.414 1.07

Total accessions 0.741 0.034 0.199 0.026 0.75

Shell color Landraces 0.647  0.032 0.308 0.013 0.81
() Cultivars(lines) 0.874  0.036  0.045  0.045 0.52

Total accessions 0.891 0.034 0.011 0.041 0.015 0. 004 0. 004 0.50

Awn length Landraces 0.910 0.032 0.019 0.006 0.026 0. 000 0.006 0.43
() Cultivars(lines) 0. 865 0.036 0. 000 0.009 0. 000 0. 009 0. 000 0.51

Total accessions 0.989  0.004  0.007 0.07

Awn character Landraces 1.000  0.000  0.000 0.00
() Cultivars(lines) 0.973  0.009  0.018 0.14

Total accessions 0.768  0.191  0.007  0.034 0.67

Awn color Landraces 0.654  0.301 0.013 0.032 0.81
() Cultivars(lines) 0.928 0.036 0. 000 0.036 0.31

Total accessions 0.479  0.105 0.150  0.052  0.199 0.015 1.41

Kernel color Landraces 0.436  0.045 0.122  0.071 0.321 0.006 1.34
() Cultivars(lines) 0.541 0.189 0.189 0.027 0.027 0.027 1. 26

Total accessions 0.839 0.109 0.015  0.037 0.57

Kernel shape Landraces 0.833 0.115 0.013 0.038 0.58
() Cultivars(lines) 0.847  0.099 0.018  0.036 0.56

Total accessions 0.966  0.030  0.004 0.16

Plumpness Landraces 0.974  0.026  0.000 0.12
() Cultivars(lines) 0. 955 0.036 0.009 0.21

Total accessions 0.996  0.004 0.03

Kernel quality Landraces 0.994  0.006 0.04
() Cultivars(lines) 1.000  0.000 0. 00

Total accessions 0.54

Mean value Landraces 0.53
() Cultivars(lines) 0.49

1 .2 3 ; 1 ,2 .3 3 1.0 .2 .3 .4 5 1 2 3
54 .5 .6 W7 ; 1 , 2. 53 5 1 .2 s 3
4. 3 1. 2. 5 3. 4. 0. 5 6. 3 : 1. , 2. s 3. 4. 5 1., 2. s

3. 1. .20
Note: Spike shape: 1. Rectangle, 2. Spindle-like, 3. Pyramid; Spike density: 1. Dense spike, 2. Sparse spike, 3. Middle dense spike; Shell
color: 1. Yellow,2. Black, 3. Purple,4. Brown; Awn length: 1. Long awn, 2. Short awn, 3. Long hook awn,4. Short hook awn,5. Middle
long awnandedge short awn, 6. Edge long awn and middle short awn, 7. Middle long awn; Awn character: 1. Tooth awn, 2. Smooth awn,
3. Half smooth awn; Awn color: 1. Yellow, 2. Purple, 3. Red, 4. Black; Kernel color: 1. Brown, 2. Yellow, 3. Grey, 4. Blue, 5. Purple,
6. Black; Kernel shape: 1. Spindle-like kernel, 2. Ellipsekernel, 3. Rectangle kernel, 4, roundness kernel; Plumpness: 1. Plump, 2. Middle
plump, 3. Poor plump; Kernel quality: 1. Hardkernel, 2. Softkernel.
2.2.3 89.3% o 5

) 85% B . 9

5 b 9 50
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Table 3 Phenotypic variation and Shannon-weaver indices of nine quantitative traits among 267 six-rowed
hulless barley accessions from the Qinghai-Tibetan Plateau
+ .
Trait Accession type Range Mcm;(%ia?it;?dmd C";% Variance I“I‘;alue S&f(:llvl:?
index
/cm Total accessions 39.61~116.43 87.30 + 12.18 13.95 148.35 6.11%* 1. 94
Plant height Landrace 55.91~116.43 91.86 4+ 9.17 9.98 84.09 2.67** 1.99
() Cultivars(lines) 39.61~109. 14 80.89 4 13.00 16.07 169.00 8.38** 2.00
Total accessions 1~5 2.34 £0.72 30.77 0.52 1.85%* 2.09
Tillering number Landrace 1~5 2.32 £ 0.75 32.33 0.56 1.30%* 2.07
per plant () Cultivars(lines) 1~5 2.39 £0.71 29.71 0.50 2.29%* 2.05
Total accessions 1~4 1.35 £ 0.57 42.22 0.32 2.32%%* 2.07
Available tillering Landrace 1~4 1.32 = 0.55 41.67 0.30 2.00%* 2.05
number per plant () Cultivars(lines) 1~3 1.39 £ 0.60 43.17 0.36 2.42%%* 2.06
/em Total accessions 3.48~15.95 6.75 + 1. 38 20. 44 1.90 6.75** 2.07
Spike length Landrace 3.48~15.40 6.54 £ 1.27 19.42 1.61 5.50%* 2.00
() Cultivars(lines) 3.78~15.95 7.05 £ 1.48 20.99 2,19 7.37x% 2.06
Total accessions 13~28 19.67 £ 3.02 15. 35 9.12 8.68*x* 2.05
Spikelet number per spike Landrace 13~29 19.08 £ 2.81 14.73 7.90 7.19*%* 2.06
() Cultivars(lines) 13~29 20.49 + 3.12 15.23 9.73 9.31** 2.04
Total accessions 38~85 58.98 + 9.03 15.31 81.54 8.93%* 2.06
Total kernel number Landrace 38~83 57.26 + 8.45 14.76 71.40 7.29%* 2.06
per spike () Cultivars(lines) 41~85 61.41 4+ 9.29 15.13 86.30 10.05** 2.04
Total accessions 27~83 50.38 4 7.94 15.76 63.04 5.56%* 2.05
Available kernel number Landrace 27~83 48.74 + 7.37 15.12 54.32 4.26%* 2.04
per spike () Cultivars(lines) 32~80 52.69 + 8.16 15.49 66.59 6.43** 2.06
/(g/L) Total accessions 613.45~915. 40 834.30 + 23.70 2.84 561.69 4.26%* 1. 84
Volume mass Landrace 737.60~883.85  831.354 20.35  2.45 414.12 4.67** 1.85
() Cultivars(lines) 613.45 ~915.40 831.40+ 27.60 3.32 761.76 3.90%** 1.79
/g Total accessions 23.51~58.45 42.06 £+ 6.15 14.62 37.82 26.19** 2.09
Thousand kernel mass Landrace 23.51~55.90 41,34 £ 5.04 12.19 25.40 18.41** 2.07
() Cultivars(lines) 24.88~58. 45 43.08 + 7.34 17.04 53.88 34.39** 1.98
Total accessions 2.03
Mean value Landrace 2.02
() Cultivars(lines) 2.01
Ok ok (P<C0.01);“*” (P<<0.05), o
Note: “%* * ”means very significant differences(P<C0.01); “* ”"means significant differences(P<C0. 05). The same below.
5 ; 1 36.29%,
—&a-#i75 M% Landraces
—e— B M#P Cultivars (lines) )
g 2107 1 ’
B 2.05
ﬁ.e 2.00 .
)
#®5 -
W 185 1 ; 2
o 1.80 0
=% 175 21.26%, .
g 1.70
&) 1.65 1 1 1 1 1 1 1 1 J 4
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Fig. 2 Shannon-weaver diversity indexes of nine ’ 4 8.86%,
quantitative traits of six-rowed hulless barley landraces ’
and cultivars(lines) from the Qinghai-Tibetan Plateau ’ ’
° s 4
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Table 4

4

9

Correlation coefficient between nine quantitative traits among 267 six-rowed

hulless barley accessions from the Qinghai-Tibetan Plateau

i Tillering T q Spikelet Total kernel ~ Available . Thousand
Trait lpl.dri:t number all A.Wlddbltl lSplk‘L number number per kernel number Vol’u‘n‘m kernel
e per plant riering number leng per spike spike per spike mass mass
per plant
Plant height 1
Tillering number per plant —0.15* 1
Available tillering number per plant 0167 0. 497 1
Spike length 0.23%* —0.02 —0.08 1
Spikelet number per spike —0.07 —0.02 —0.89%% 0.28%* 1
Total kernel number per spike —0.07 —0.02 —0.59% > 0.27%x 0.99* 1
Available kernel number per spike —0.13* .07 —0.30%* 0.23%* 0.91%* 0.81%* 1
v 0.26%%  —0,17%* —0.05 0.04  —0.22%%  —0.22%%  —0 17%* 1
olume mass
Thousand kernel mass 0.20%* —0.13* —0.25%%* 0.49%** 0.11 0.11 0.10 0.22%>* 1
; 5 8.52%., 1l 55 .
. 20.60%, 45 .
o ( ) ;
’ N o ’ ’ N ( ) 4 ’
5 ° ’ H [[[
2.2.4 (Ward”’ s 118 , 44.19%,
method) 267 4, C D44
C 3, ) R* ) ( ) )
0.05 4 ; ; ) (G
9 ’ ’ 3 I\r
6 7. .1 74 . 27.72%,
20 , 7.49%, 34, C Y40
16 o N ’ ’ N N
) () ) ) 4 )
’ 4 ) °
5 N
Table 5 Selected eigenvalues, cumulative percentage and corresponding eigenvectors
1 2 3 4 5
Item PC1 pPC2 PC 3 PC4 PC5 Trait
Eigenvalues 3.27 1.91 1.27 0. 80 0.77
/%
< L 36. 29 57.55 71.67 80.53 89. 05
Cumulative percentage
Eigenvectors —0.01 0. 46 0. 10 0.63 —0.57 Plant height
—0.09 —0. 38 0.59 0. 26 0. 06 Tillering number per plant
—0.29 —0.31 0.47 0. 14 0. 14 Available tillering number per plant
0.22 0.31 0.55 —0.23 —0.17 Spike length
0.53 —0.13 0.02 0.16 0. 04 Spikelet per spike
0.53 —0.13 0.02 0.16 0. 04 Total kernel number per spike
0.51 —0.14 —0.01 0. 14 0.17 Available kernel number per spike
—0.11 0.43 —0.02 0. 44 0.75 Volume mass
0.15 0.47 0. 35 —0.44 0. 20 Thousand kernel mass
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Fig.3 Dendrogram based on Ward’s method of 267 six-rowed hulless barley
accessions from the Qinghai-Tibetan Plateau
6
Table 6 Accession numbers and ID in each group
Group A;:;:ﬁ:in Accession 1D

1 20 143,150,153,178,180,225,226,231,232,243,244,246,251,252,255,259,260,261,262,263
H 55 8,9.13,14,22,24.36,40,45.46,47,48,56,61,62.67,68,69.70.71,73,74,77,78,79,83,86,87,102.19?,104.

105,106,107,109,117,122,126,128,130,142,145,146,148,149,160,169,179,184,245,248,249,253,254,256

3,5,6,7,10,11,15,16,17,18,19,20,21,23,25,26,27,28,28,30,31,32,34,35,37,41,43,44,49,51,52,53,54,
55,58,63,64,65,76,81,84,85,90,93,94,96,97,100,101,108,110,111,112,114,115,116,118,119,120,121,
Il 118 123,124,125,129,131,132,134,135,136,138,139,147,151,152,158,159,162,163, 164,165, 166,167,168,
170,176,177,181,182,185,186,187,188,191,193,194,195,196,197,198,199, 200, 202, 203, 210, 211, 212,
215,217,219,224,227,229,234,241,247,258,264,267
1,2,4,12,33,38,39,42,50,57,59,60,66,72,75,80,82,88,89,91,92,95,98,99,113,127,133,137,140, 141,
v 74 144,154,155,156,157,161,171,172,173,174,175, 183,189,190, 192, 201, 204, 205, 206, 207, 208, 209, 213,
214,216,218,220,221,222,223,228,230,233,235,236,237,238,239,240,242,250,257,265,266

7 9

Table 7 Mean values of 9 quantitative traits of each group

/

/ : /8
/em Tillering A'vallz}ble < ,’/Cm o Total kernel Available /g Thousand
. Plant tillering Spike Spikelet Volume
Group ) number . number per  kernel number kernel
height number length per spike . . mass
per plant spike per spike mass
per plant

1 66. 44 2.83 1. 67 5.67 20. 40 61.18 53.11 160. 27 33.65
il 86. 14 2.25 1.51 5. 87 17.01 51.06 44,35 167.79 37.79
i 91. 67 2.42 1.41 7.06 18. 88 56. 62 48.12 167. 49 44. 24
I 87. 38 2.18 1. 05 7.21 22.70 68.05 57.73 166. 96 44. 04
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The Genotypic Diversity Analysis of 267 Six-rowed Hulless Barley
Accessions from the Qinghai-Tibetan Plateau

XIA Tengfei'* , WANG Lei'"*,XU Jinging'?, WANG Handong',
ZHANG Huaigang', LIU Dengcai'' ,SHEN Yuhu' and CHANGXT

(1. Key Laboratory of Adaptation and Evolution of Plateau Biota, Northwest Institute of Plateau Biology,China Academy of
Sciences, Xining 810001, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. Key Laboratory
of Crop Molecular Breeding of Qinghai Province, Northwest Institute of Plateau Biology,China Academy of Sciences.,
Xining 810001,China; 4. Triticeae Research Institute,Sichuan Agricultural University,Chengdu 611130, China;

5. Tibet Agriculture and Husbandry College, Linzhi Tibet 860000, China)

Abstract In order to explore phenotypic variation and diversity of six-rowed hulless barley from the
Qinghai-Tibetan Plateau and provide guidelines for parental selection in the barley breeding program,
10 qualitative traits and 9 quantitative traits were selected to conduct quantitative and population ge-
netic analysis with fuzzy mathematic methods in this study. The results showed that Shannon-weaver
diversity indexes of 10 qualitative traits ranged from 0. 03 to 1. 41, with the average genetic diversity
index of 0. 54,respectively,diversity of kernel color and spike density were abundance; variance of the
9 quantitative traits were significantly difference,the CV ranged from 2. 84 % to 42. 22 % ,and diversity
indexes ranged from 1. 84 to 2. 09 with average of 2. 03. Significantly positive/negative correlations
among the 9 quantitative traits were revealed by correlation analysis (P<C0. 05, or 0. 01). Principal
components analysis was conducted with 9 significantly different quantitative traits,and five principal
components were chosen with the cumulative rate of 89. 05%. Those five components including spike
and kernel number index, kernel mass index, tillering and spike length index, plant height index and
kernel volume mass index. Cluster analysis using Ward’s method revealed that 267 six-rowed hulless
barley accessions can be divided into four groups when semi-partial R* was 0. 05. Accessions in Cluster
I were majorly six-rowed hulless barley lines, charactering with dwarf plant height, highest tiller
number and dense spike. Accessions in Cluster [[ were majorly six-rowed hulless barely landraces,
charactering with temperate plant height, higher tiller number and small spike. Accessions in Cluster
[l were majorly cultivars charactering with tall plant height,large grain, temperate tiller number and
spike length. Accessions in Cluster [V were cultivars charactering with moderate plant height,low till-
er number, big spike and more grain number per spike. The genetic diversity of six-rowed hulless bar-
ley was well revealed through phenotypic traits in this study,and six-rowed hulless barley landraces
might be useful gene pool for the barley breeding program in the future.

Key words Sixrowed hulless barley; Phenotype trait; Shannon-weaver index; Principal component

analysis; Cluster analysis
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