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Comprehensive Evaluation on Quality Traits of 75 Highland Barley Germplasm
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Abstracts: In order to effectively utilize the germplasm resources of highland barley and promote the
breeding of special varieties, principal component analysis and factor analysis were used to compre-
hensively evaluate the five quality traits, including contents of protein, Y-aminobutyric acid, total
starch, B-glucan, and anthocyanin in seeds of 75 barley resources in three ecological areas. The results
showed that there were significant differences in different genotypes, ecological areas and the interac-
tion between ecological areas and genotypes. The coefficient of variation was distributed from 3. 88%
to 118.92% , and the broad-sense heritability of each trait was distributed from 15.29% to 90.13%, among
which the broad-sense heritability of protein, B-glucan and anthocyanins was greater than 60% , indi-
cating that heredity was the main reason for the difference in content. Principal component analysis can be
used to simplify the five quality-related indicators into three common factors, carrying 73. 73% of the data
information of the original index. The first three factors after Promax rotation were selected, and the
results showed that the three common factors reflected the amino acid accumulation, secondary me-

tabolite accumulation, and polysaccharide accumulation of barley grain, respectively. The comprehen-
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sive ranking and hierarchical clustering results after weighted scoring showed that the comprehensive
quality of 15 materials, including Goumangqingke, 2009-119, XQ0168, cima, 4TH HBSNS-57, 813,
Changmangheiqingke, Baiigoumang, Naina, Duimangheiqingke, Heqingke, Beiqing 4, Baigingke and

Kunlun 14, and the statistical analysis results of mono-trait content showed that LLongzhongzi was

suitable for high protein breeding; Baigoumang. Duimangheiqingke and Heqingke were suitable for

low B-glucan breeding; 2009-119 and XQO0168 were suitable for high protein and low B-glucan content

breeding; cima was suitable for high Y-aminobutyric acid and high anthocyanin breeding, and 4TH

HBSNS-57 was suitable for high y-aminobutyric acid and low glucan breeding.

Keywords: Hulless barley; Comprehensive evaluation; Principle component analysis; Factor analysis;
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Table 1 Quality index of the tested barley varieties(lines)

v L 2 = v Ny
1 47 s MR e wp mam mw  (SFRE 0 gRkE Lok
; Number ’ o . Coefficient of  Standard Broad sense
Index Environment Means Media Minimum Maximum . s T
of samples variation deviation heritability
Fid=0 HZ21 148 15.98 15.58 12. 84 20. 90 8. 80 1.41
Protein
HZ22 148 17.73 17.54 16. 08 22.09 5.96 1. 06
62.82
KD21 150 14. 25 14. 27 8.27 17.29 7.87 1.12
&1l Total 446 15.98 15.71 8.27 22.09 11. 65 1. 86
V-R TR HZ21 148 0.032 0.031 0.027 0.043 7.21 0. 00
Y-aminobutyric acid
HZ22 148 0.033 0.032 0.026 0.048 12.67 0. 00
47. 47
KD21 150 0.026 0.026 0.021 0.036 7.36 0. 00
41t Total 446 0.030 0.03 0.021 0.048 13.85 0. 00
B-H T HZ21 148 6.63 6.71 4.46 7.77 8.68 0.58
B-glucan
HZ22 148 6.42 6. 46 4. 90 7.33 6.27 0. 40
90. 13
KD21 150 6.39 6.45 4. 60 7.00 6.68 0.43
&1t Total 446 6.48 6. 50 4. 46 7.77 7.48 0.49
BLTE R HZ21 148 52.23 51.43 39. 00 66. 21 9.96 5.20
Total Starch
HZ22 148 59. 88 59.71 54,97 66.82 3.88 2.32
15. 29
KD21 150 51. 30 51.06 42.16 62.82 7.60 3. 90
41t Total 446 54,45 55.03 39. 00 66. 82 10. 16 5.53
wHEE HZ21 148 0.002 4 0.002 1 0.000 9 0.010 3 52.46 0. 00
Anthocyanin
HZ22 148 0.002 4 0.002 1 0.001 2 0.009 9 51.49 0. 00
85. 54
KD21 138 0.002 6 0.002 0 0.000 8 0.024 8 118.92 0. 00
4t Total 434 0.0025 0.0021 0.0008  0.0248 82.39 0. 00

HZ21,HZ22 1 KD21 4p 343 21 ARE 1 22 SR G AE R 21 4R EE AR A i
HZ21, HZ22, and KD21 represent Hezuo environment in 2021, Hezuo environment in 2022, and Kangding environment in 2021,

respectively.
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Table 2 Statistical analysis based on mixed linear models

LD bzt 19 BB Il % SS ¥or F {8

Index Source Freedom degree  Type [l SS Meansquare F value

A= FH A Genotype 73 3.52E+02 4. 83E400 47.74%

Protein A& A Environment 2 8. 94E+02 4. 47TE+02 3124. 24" %

He 25 5 X B Environment X Genotype 146 2.61E+02 1. 79E-+00 12,48

""""" yEETR MM Genotype 73 L78E—03  2.44E—05  27.92°°
Y-aminobutyric acid 42 2% 5 Environment 2 3.84E—03 1.92E—03 2 174.31* "
1 1. 28E—05

P gmg Genotype 73 8. 08E+01 1. 11E+00 85.47" *

B-glucan H: 75 55 Environment 2 4, 84E-+00 2.42E+00 212.83" "

146 1.59E+01 1.09E—01 9.56" "
S R (,enmype732361~:+os """"" 3.24E+01 12,57

Total starch 25 5 Environment 2 6.55E+03 3.27E+03 1015.85* "

He A5 X FE N Environment X Genotype 146 4. 00E+03 2. TAE+01 8.50* %

T, JEBE A Genotype 67 1.35E—03 2.01E—05 257.90" *

Amhocyamn H: &5 /5 Environment 2 4. 37TE—06 2.19E—06 151. 16 *

M 25 X FE Y Environment X Genotype 134 4.07E—04 3. 04E—06 210.08* *

2.2 AEABERMANFNAREESTEN 2.2.2 HRAR SR BT 5 AT

2.2.1  HARTTIR S MK 09 48 K M 5 AT EETHREE R T 1, 23T E R KT 60 % (1

XE 75 Oy i B RO RLAE 3 RS EREE R 50 BRIN BRI B A E BT A 324 1 AH 56 [
A&Jﬁﬁﬁﬁﬁ#ﬁa‘é'rﬁ/%ﬁﬁf%ﬂ(% 3), 8 i FEAEAE 43500 1. 61,1, 08 H1 1. 00, 7 2= 5Tk R 43

W AR TR G B TE R Y A ] AR Wk 32.20% .21, 57 % A1 19. 96 % » Bit Tk R ik
E*ﬁa‘éﬁ%%ﬁﬁi%*&ﬁz;ﬁﬁ%y—é@i&T 73.73%  REMERE R A R IR fE B (R . B —
MR SRR R B E R, SRS BRSO EARM R R T R EE RS
HEREEEHGHRESRESHEERERSREDR FR P RIER MBS B R EE K
F RO LR TR AR A G AN 3 = RS R ORI TE A O e R e (AR

®3 BERAEBBEREEXES

Table 3 Correlation analysis of quality traits of highland barley resources

B B Y-RAET R (37 SR SVE R WHEER
Protein Y-aminobutyric acid B-glucan Total Starch Anthocyanin
1 Protein 1
V-2 TR y-aminobutyric acid 0.568 1** 1
B B HH B-glucan —0.115 3% —0.159 4"~ 1
BYEH Total starch 0.504 8"~ 0.3376"" —0.044 0 1
£ & Anthocyanin —0.046 9 —0.075 8 —0.097 8 —0.006 3 1

* ¢ P<C0.05; * % . P<C0.01

x4 EHRSEERREFLENETFRTER

Table 4 Factor loading matrix of principal components on each quality index

g e F 1 F WS 2 FE s 3 F RS 4 F 4 5
HEAE 1 i s e po e e
Ei Principal Principal Principal Principal Principal
igenvector P
component 1 component 2 component 3 component 4 component 5
M & Protein 0.470 5 —0.024 4 0.3925 0.775 8 0.148 7
Y- % THE y-aminobutyric acid 0.605 0 —0.177 3 —0.014 5 —0.481 7 0.608 5
B-# A B-glucan —0.639 2 —0.130 5 0.202 9 0.143 6 0.716 0
B JEN Total starch —0.0216 0.571 8 0.746 2 —0.3350 —0.059 3
167 % Anthocyanin 0.060 3 0.789 9 —0.497 7 0.182 1 0.302 4
HRAE{H Eigen value 1.609 8 1.078 6 0.997 9 0.793 9 0.519 8
Fi#k % Contribution rate/ % 0.322 0 0.2157 0.199 6 0.158 8 0.104 0
75 ik 2%
F B _— 0.3220 0.537 7 0.737 3 0.896 0 1

Cumulative contribution rate/ %
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Table 5 Factor loading matrix after rotation

[ 1 Factor 1

A ¥ 2 Factor 2 K -F 3 Factor 3

#H H it Protein 0.198 5
v-E I TR v-aminobutyric acid 0.343 4
B B B-glucan —0.399 1
SJEH Total starch —0.007 9
£H % Anthocyanin 0.012 9
¥:HE{H Eigen value 0.808 6
TiHk#% Contribution rate/ % 136. 89

2 FTHR%E Cumulative contribution rate/ % 136. 89

0.012 6 —0.020 1
0.029 0 —0.227 4
—0.256 4 0.197 2
0.067 4 0.164 3
0.268 9 0.063 4
0.129 8 0.039 4
21.98 6.68
158. 87 165. 55

6 HAERMBETAFINNESGHSR
Table 6 Comprehensive ranking of the tested highland barley materials based on factor analysis
F5 (R K AT 14 HF 2 H:4 A ¥ 3 He44 GaHA
No. Variety(line) Origin Factor 1 Order  Factor 2 Order  Factor 3 Order Rank

Bl IE (551 U 3R 7 5 il 7k -

! Liewangselie Lhasa Qushui, Tibet 20 37 20 49
7 VG H v s H

2 Difang Shigatse Dingri, Tibet 25 28 43 25

. HH1 (g A DEE S . .

3 Qingke 1 Shannan Naidong, Tibet 31 16 9 30
W2 R L ] ] .

4 Qingke 2 Shannan Qusong, Tibet o6 5 15 o6

s HEE L A , . - \
Baigoumang Changdu Mangkang, Tibet
i 1B TG JHEE % HE e 18 PR =

6 Naina LLhasa Duilongdeqing, Tibet 12 2 o6 1
T M I 55 TG 7 5% il 7k -

7 Gonggagaqiong Lhasa Qushui, Tibet 35 13 28 3z
B TB [UE % A =

8 Baiqingke TB Lhasa, Tibet 22 35 69 22
PLEE 2 [EE:E0A

9 Lasagoumang Lhasa, Tibet 18 30 61 19
B Q e
HHBR SN T4 6K L1 7 8 =

10 Zigingke SN Shanan Cuona, Tibet 10 15 64 10
JERNS TG L H e U A

1 Naimuchai Shigatse Renbu, Tibet 7 24 70 8
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B OEEGR) e BT 14 AT 2 Hi4 H ¥ 3 HE44 GAHEA
No. Variety(line) Origin Factor 1 Order  Factor 2 Order  Factor 3 Order Rank
BLPE 1 5 U 5 5
12 Baxibasai Changdu Leiwuqi, Tibet 51 o8 32 51
[ 455 ML £ T E H s U 1
13 Bajingamu Shigatse Bailang, Tibet 70 70 18 7
b1 [F %2
4 Bimangma Linzhi, Tibet 61 o1 17 61
DUk R TG HE % HE e 1 PR
15 Silengbaigingke Lhasa Duilongdeqing, Tibet 24 o2 62 28
FLJe & A [LiF 7 N i R
16 Zhanigabu Nyingchi Langxian, Tibet 23 46 38 23
o MEmER PR 0 \ . - )
Duimangheigingke Nyingchi Bomi, Tibet
18 ME R Heigingke Py )il Sichuan 59 31 7 59
19 813 Pl Sichuan 46 1 1 27
BT RR-IE 1 DU 1 H A E
20 Qianningqgingke-xuan 1 Ganzi Daofu, Sichuan 25 32 21 55
F3 5 54 1 DU 1B 300H 2 I
21 Aqing 5-xuan 1 Aba Malcolm, Sichuan 38 26 52 37
,  HE2E A £ 1 28 . ’s ”
Ganging 2 Gannan, Gansu
; i L ¥ HlHmEAE
23 Dulihuang Gannan,Gansu 45 o7 12 46
g 751 P4 7 L e TS AR X
24 Shanqging 7-xuan 1 Shannan Naidong, Tibet 64 61 16 63
ItHE15 CRCACEARE
25 Beiging 1 Haibei Beimenyuan, Qinghai o2 4 27 o2
Itk 3% HFGALTTIR
26 Beiqing 3 Haibei Beimenyuan, Qinghai 73 68 9 73
It 45 FHEEALT ;
21 Beiqing 4 Haibei Beimenyuan, Qinghai 75 2 3 ™
5% CREICEIARE
28 Beiqing 5 Haibei Beimenyuan, Qinghai 42 36 31 39
Bt 125 TP T -
29 Kunlun 12 Xining. Qinghai 2 5 13 ”
AL i
30 Moduocha 1 Qinghai 60 62 8 60
ME3I5 Wit
31 Nanfan 3 Qinghai 65 69 14 66
ATk 1 i
32 Aiganqgi-xuan 1 Qinghai o4 49 29 o4
o It 2% LRAGER 273 -
33 Beiging 2 Haibei Beihaiyan, Qingha o7 12 6 o8
34 ICNBF8-588SEL. 1AP ZE America 71 64 5 70
35 2009-119 % Qinghai 2 4 58 2
36 861918 %1 Qinghai 15 34 37 16
WE R -k 2 ¥y
37 Aiganqgi-xuan 2 Qinghai 66 23 19 65
BN R 2 o o o
38 Huangzhongliu- ;’ifﬁa{%j hong, Qinghai 29 27 16 29
lengqingke g Huangzhong,ngha
H A K H IR HAE
39 Huzhubaichangmang Haidong, Qinghai 40 18 o7 42
40 753k Liulengtou FHiE Qinghai 49 23 24 48
41 #H B Heqingke H I Qinghai 5 11 73 5
42 WH B Langingke H# Qinghai 36 71 54 41
b
43 ik Qi ¥ Qinghai 32 20 25 34

Zigingke QH
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FE o REGR I HF 1 HE4 AT 2 HE4 AT 3 HE4 5 A4
No. Variety(line) Origin Factor 1 Order  Factor 2 Order  Factor 3 Order Rank
Eo = N

g HEASEZ A E v 2 A 27 65 66 33
Ganqging 4-xuan 2 Gansu,Gannan
8% H g g AL =

45 Beiqing 8 Haibei, Qinghai 20 38 67 21
L] CRG3EEIARE)

46 Heilaoya Haibei, Qinghai 17 22 60 17

47 U5 34 Jian 34 i Qinghai 39 56 33 40

48 % 29 Fan 29 H1§ Qinghai 44 21 4 44

PEEARE T AR VLA

49 86024 Nyingchi Gongbujiangda, Tibet 48 60 48 50

- I SERE e o : =

50 Changmangziqingke /% Qinghai 47 25 41 17

. AfEQH e o )

51 Baigingke QH 7 Qinghai 74 75 12 74
=

_ H . . _

52 Siﬁﬁ QH #% Qinghai 19 33 55 20

: HH 75 P H HON R

03 Kangqing 7 Ganzi Kangding, Sichuan 16 4 40 18

54 9823 P 1| Sichuan 41 54 47 43

55 XQ0168 VG Tibet 6 10 63 6

56 XQ0280 Fa K Tibet 33 50 53 36

57 XQ0346 VG Tibet 26 18 30 24

58 XQ0383 P Tibet 69 40 34 68

- Bt 145 HIGVE T

59 Kunlun 14 Xining, Qinghai 62 67 2 62
g 753 2 VG 3¢ 111

60 Shanging 7-xuan 2 Shannan, Tibet 37 H 39 38
%} 66 LR3I

61 Geke 66 Golmud, Qinghai 68 73 26 69

62 H-# Ernan P Tibet 67 66 11 67
It 6% HIGGALTTR

63 Beiqing 6 Haibei Beimenyuan, Qinghai 63 & 36 64

E = s A

0 A5 A 2 A 53 63 35 53
Gangqing 4-xuan 1 Gannan,Gansu
LT 3179 P L B

65 Zangqing 3179 Lhasa, Tibet o8 12 10 o7
)T R VG BRL B ik 44

66 Goumangqingke Lhasa Dazi, Tibet 1 59 50 1
R 2 PG5 H w0 A=A ) )

67 Bailanglan Shigatse Renbu, Tibet 30 29 22 31
] i VG 5 5 R A

68 Amandu Changdu, Tibet 1 19 68 12
W VG L 5 R A c

69 Cima Changdu, Tibet 8 7 65 7
AR VG 55 AT . .

70 Shengci Changdu, Tibet 13 17 1 13
K B R PO L H

i Changmangheiqingke Shannan Sangri, Tibet 21 6 H 15
Xof 1 48 B Pa LR T AR

2 Duimangheiqgingke Shannan Naidong, Tibet 43 13 ol 15

73 4TH HBSNS-57 S5 P4 A Mexico 1 3 75 1
it [58 A JK O e U i YA =

4 Bianyuansuihui Shigatse Jiangzi, Tibet 34 39 45 35

75 Je % Longzhongzi PG Tibet 9 14 59 9
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