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Abstract; Hulless barley is a crop of significant economic and ecological value in the Qinghai-Tibet
Plateau. Establishing a core germplasm resource bank based on its nutritional quality is crucial for
promoting genetic improvement and the efficient utilization of hulless barley germplasm resources. In

this study, a total of 286 hulless barley germplasm resources were selected, and a core germplasm
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subset was constructed based on 15 quality traits, including total flavonoid content. A multidimen-
sional combination strategy was employed, incorporating two genetic distances, three sampling meth-
ods, seven sampling ratios, and eight clustering methods. By comparing the mean difference percent-
age, variance difference percentage, range conformity rate, and coefficient of variation change rate for
various subsets, the most optimal sampling strategy for constructing the hulless barley core germ-
plasm was identified. This strategy involved Euclidean distance, a multiple clustering deviation sam-
pling method, a 10% sampling ratio, and the shortest distance method. This resulted in the establish-
ment of a core germplasm bank consisting of 28 hulless barley germplasms based on nutritional quality
traits. To validate the representativeness of the constructed core germplasm, key statistical parame-
ters, including the mean, variance, range, coefficient of variation, diversity index, principal compo-
nent analysis, and clustering analysis, were analyzed for both the original germplasm and the selected
core germplasm across the 15 nutritional quality traits. The results showed no significant difference in
the mean values of the 15 nutritional quality traits between the core and original germplasm. Moreo-
ver, the variance of each trait in the core germplasm was not lower than that of the original germ-
plasm. The average diversity index conformity rate for the core germplasm reached 93.12%. Principal com-
ponent analysis revealed that the cumulative contribution rate of the core germplasm was 82. 04 % s compared
to 64.34% for the original germplasm. Cluster analysis further classified the 28 core germplasms into
five distinct groups. The findings indicate that the core germplasm constructed in this study exhibits
significant heterogeneity. It effectively retains most of the genetic information of the original germ-
plasm while also representing the original germplasm adequately. This core germplasm can be utilized
for further research on the nutritional quality of hulless barley and will contribute to the efficient use
of germplasm resources.

Keywords: Hulless barley; Nutritional quality traits; Core germplasm; Germplasm resources
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Table 1 Determination methods for various nutritional quality traits of hulless barley

PR Trait J7 ¥ Method
S B R F d a3 ke
Total flavonoids content/ % Spectrophotometry

HLLF 4 5 &

Crude fiber content/ %

g 5 & & Fat content/[ g+ (100 g) ']
i & B Protein content/ %
TEH & B Starch content/ %

HAHEJEN &/ Amylose content/ %

T EEVER & & Amylopectin content/ %
K5y

Ash content/ %

B M i

B-glucan content/ %

yEETRE &

Y-aminobutyric acid content/(mg * kg™ 1)
Zh&

Polyphenols content/ %

Y% E A

Vitamin E content/[mg + (100 g) ']

GB/T5009. 10-2003¢ AL 4 & £1 it Hh ML EF 4 1 ) 5 )27

GB/T5009. 10-2003 “Determination of crude fiber in plant-based foods”
R 25) Soxhlet extraction

HLIG 2 A7) Kjeldahl method

P2 K A% 1220280 Acid hydrolysis

RO K 43966 BE 3 Dual-wavelength spectrophotometry

KUK 43696 B ¥ Dual-wavelength spectrophotometry

GB 5009. 4-20164 Fr it %2 4[5 G br # £ il rhoi 43 1 ) 5 HE20)

GB 5009. 4-2016 “National food safety standard-Determination of ash in foods”
NY/T2006-2011¢ 739 B il 5t o -7 2R 2 ik g sz yLe0

NY/T2006-2011 “Determination of -glucan content in cereals and their products”
1o RO 1 vk

High-performance liquid chromatography

ST

Spectrophotometry

S A 5 R0 A £ 3 i 92

Reversed-phase high-performance liquid chromatography

R Y4 o 147y vl TR 2 B G L g AR A F 5 A 4 43 T 0 e S R

All analytical determinations were performed by the Testing and Analysis Center of Northwest Institute of Plateau Biology, Chinese

Academy of Sciences.
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Table 2 Comparison of parameters in multidimensional combination strategy

%

2 YR K FIHLIBURE 5

Multiple cluster random

ACHT R U LL

Z YR L W 5

Multiple cluster preferred

2 R TR IS B 5 5 IPURE 1%

Multiple cluster deviation

Genetic Sample sampling method sampling method sampling method
distance ratio
MD VD CR VR MD VD CR VR MD VD CR VR
R 2 B B 5 5.83 2417 71.24 121.40 20.00 80.00 89.64 145.36 10.00 71.67 88.14 146.17
%ﬁ:ﬁ:ﬁﬁf 10 7.50  28.33 80.46 116.44 12.50 79.17 100.00 136.31  0.83 68.33 92.57 135.29
15 5.00 20.83 84.62 112.84  9.17 70.00 100.00 127.57  1.67 71.67 94.85 127.81
20 3.33  15.83 88.11 110.93  6.67 63.33 100.00 121.62  0.83 65.83 95.91 122.52
25 2.50  12.50 89.67 108.69  4.17 51.67 100.00 117.49  1.67 59.17 96.84 119.16
30 0.00 12.50 91.37 108.18  5.83 41.67 100.00 114.52  0.83 55.83 97.60 117.21
35 1.67 6.67 91.53 106.40  3.33 27.83 100.00 112.94  0.00 31.67 97.88 114.24
(i Mean 3.69 17.26  85.29 112.13  8.81 59.10 98.52 125.12  2.26 60.60 94.83 126.06
CEREE 5 5.83  30.00 71.48 123.40 18.33 75.00 90.93 141.61 23.33 75.00 88.03 144.87
Euclidean 10 11.67  24.17 80.15 115.29 12.50 75.00 100.00 134.50 15.83 89.17  93.38 135.37
distance
15 6.67 25.00 84.52 112.41 13.33 70.83 100.00 126.92  8.33 85.00 95.43 128.27
20 5.00 20.83 87.53 110.66 11.67 63.33 100.00 121.55  8.33 79.17 97.30 124.02
25 0.83 15.83 89.72 108.52  8.33 50.83 100.00 117.60  3.33 66.67 97.62 119.84
30 0.00 14.17 91.62 107.99  4.17 37.50 100.00 114.66  0.00 60.00 98.61 118.11
35 0. 00 8.33 92.25 105.78  4.17 27.50 100.00 112.47  0.00 37.50 98.82 115.05
¥ Mean 4.29 19.76 85.32 112.01 10.36 57.14 98.70 124.19  8.45 70.36 95.60 126.50

MD: B 22 5 {335 VD 5 2 2 57 1 70 5 CRARZEN G F VR AR R BB, £ 3,

MD: Mean difference percentage; VD: Variance difference percentage; CR: Range compliance rate; VR: Coefficient of variation

change rate. The same in table 3.
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Table 3 Comparison of clustering method variations based on the “euclidean distance,
multiple clustering deviation sampling, and 10% sampling ratio” strategy %

R I& I ¥ Cluster method MD VD CR VR

e B Single linkage 0. 00 93.33 95. 63 141.22
FA B % Complete linkage 0. 00 66. 67 92.21 134.84
FEIPEES 5 Median method 0. 00 53.33 88.31 128. 00
H.0 5 Centroid method 6.67 46. 67 92.01 132. 24
24 Unweighted pair-group average 0. 00 60. 00 90. 65 133.33
T AR Sk Weighted pair-group average 0. 00 73.33 94. 81 138.52
nJ A5 4 Flexible-beta method 0. 00 80. 00 94.07 138. 45
B 275 Mk Ward's method 0. 00 73.33 92. 90 135.75

BobMRE R B R EIR

Table 4

Type and sources of core germplasm

45 Code £ Name #RLZEHRD Type JE e Origin
Gy 257 Zikangqing 5 AP Landrace 3 %3 Nanggian, Qinghai
G2 6023 H AR Bred cultivar H V5T Xining, Qinghai
Gs 3917 BB Bred cultivar 79 7 Xining. Qinghai
G,y #Fes% Luolongzong W7 S Fh Landrace 7 % B AR i e - Luolong, Qamdo. Tibet
Gs & H B Baiyugingke HJ5 A Landrace PUJII A E Baiyu, Sichuan
Gs Hip & # M Hip Gaodanbai B A FD Bred cultivar H A Japan
o R R F IR M A B A 5T T
Gy H& 25 Ganging 2 H WA FE Bred cultivar Gansu Academy of Agricultural Sciences,
Gannan Tibetan Autonomous Prefecture
Gg 9839 B A Bred cultivar 757 Xining. Qinghai
Gy 9748 B SRR Bred cultivar H VP T Xining, Qinghai
Gio H @41 K Huzhuhongchangmang Hb 7 S Fh Landrace H U H ) Huzhu, Qinghai
G G4 203 B Xunhuahongqingke H#iJ5 mFP Landrace H AL Xunhua, Qinghai
Gz fEfbr S he BE B Xunhuahongliulenggingke HJ5 A Landrace H A1k Xunhua, Qinghai
Gus Foki 98-714(5) Dali 98-714(5) B LA Bred cultivar FH ¥ 7T Xining, Qinghai
G HIR %% Bailangzong b5 A Landrace 7 5 H % W) Shigatse, Tibet
Gs 1% Shuobanduo HeJ7 i Fir Landrace Shodu ijv’figlgiﬁf%f %ﬁ?ﬁo Tibet
G P IFH R Bianbagingke HoJ7 fh A Landrace VG338 3 Bianba, Tibet
Gur 7240 1AL FR Bred line FH P55 Xining. Qinghai
Gas BH 1% Bading 1 FMLALF Bred cultivar Qinghai Fjﬂjfj%if @u%ﬁiztion Farm
Gy 753k Liulengtou HJ5 Al Landrace Hfi k% Yongdeng, Gansu
Gao ANEH B Liulengqingke HbJ5 A Landrace H il B %) Mingin, Gansu
Gai AEH M Liulengqingke o7 S Rh Landrace Hif 52 Zhuoni. Gansu
Gao HRE Qingke b A Landrace H Rk H Yongjing, Gansu
Goas 861166 Bf A K% Wild barley PAE IR B Cuona, Tibet
Goy 861723 WA K3 Wild barley P T B Longzi, Tibet
Gas 861800 Wi K Wild barley P T2 Longzi, Tibet
Gog 861822 WA K F Wild barley P T8 Longzi, Tibet
Gar Ws-2 Bf A4 K& Wild barley PG % /% %< B Naidong, Tibet
Gog ZX # Bendi HbJ5 A Landrace VG314 Renbu, Tibet
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Table 5 Comparison of statistical indicators between original germplasm and core germplasm

(2N Fift ¥{E P (YD) Ji 3 P (7% e 2 A 5 R R
Trait Germplasm Mean P value(mean) Variance P value(variance) Range CV/%
S JIRFIE OG 0,24 0.08 0.00 0.01 0.29 20. 00
Total flavonoids/ %4 g nfi ik CG 0. 26 0. 00 0.28 25. 00
W2 e JFEIR MR OG 2.19 0. 80 0. 04 0. 00 1.06 9. 00
Crude fiber/ % BOFE CG 2,18 0.09 1.01 14. 00
He Ui iR s OG 1.64 0.14 0.02 0.03 0.85 8.00
Fat/ % oM R CG 1.69 0.03 0.75 10. 00
T JFERME OG 12,50 0.50 1. 01 0. 00 7.40 8. 00
Protein/ % BORE CG 12.75 3. 60 7.40 15. 00
TER AR B OG 62,83 0. 66 2.09 0.00 8.12 2.00
Starch/ % BORE CG 62,64 4,54 7.87 3,00
TR T JUGR AR OG- 15.01 0.61 1. 34 0.00 8.55 8.00
Amylose/ BooME CG 14,84 2.90 8.55 12. 00
W IR OG  46.47 0.68 3.93 0.00 12.47 4.00
Amylopectin/ %5 BOFE CG 46,23 8.81 12. 47 6. 00
W4y FIGF R OG 2.10 0.95 0.01 0.00 0.78 6.00
Ash/ % BLRE CG 2,10 0.03 0.78 8. 00
BT A IR E OG 3.42 0.97 0.10 0.00 1. 96 9. 00
B-glucan/ %% BORE CG 3,42 0.21 1.96 13. 00
Y-E T R FlAFR OG 185, 84 0.50 6 265.57 0.00 498. 45 43.00
Y-aminobutyric acid/
(mg - kg 1) BOME CG 201,33 13 769. 66 432.90 58. 00
£ B E OG 0.32 0.08 0. 00 0.01 0.23 12.00
Polyphenols/%6  proiii €6 0.34 0. 00 0.22 15. 00
R E FHGFE OG 0.72 0.88 0.02 0.00 0. 81 19.00
a-vitamin E/
[mg+ (100 g) '] M CG 0.72 0. 04 0.76 27.00
LR E FAF R OG 0.21 0.09 0.01 0.04 0.39 34. 00
Y-vitamin E/
[mg+ (100 g) '] M CG 0.24 0.01 0. 34 38.00
SHYEER E FAEF R OG 0.18 0.21 0. 00 0.00 0.42 35. 00
S-vitamin E/
[mg+ (100 @) '] R CG 0. 20 0.01 0.42 51. 00
e E E R FI R OG 0.75 0. 94 0.02 0. 00 0. 82 19. 00
Vitamin E/
[mg+ (100 g) '] A CG 0.74 0.04 0.77 26. 00

OG : Original germplasm; CG:Core germplasm.
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Table 6 Comparison of Shannon diversity index between

original germplasm and core germplasm

ZREMEFE S Diversity index

'rliriji(ts Ekﬁ\f"l‘)ﬁ @‘E‘f‘?ﬁﬁ Consistency
Original Core rate/ %
germplasm  collection
SR Total flavonoids 1.98 1. 86 93. 94
HMLLF 24 Crude fiber 2.06 1.98 96.12
g Fat 2. 04 2.01 98.53
M 5 Protein 1.98 1. 84 92.93
TE ¥ Starch 2.05 1. 96 95. 61
HEEVER Amylose 2.05 1.67 81. 46
Y HEVER Amylopectin 2.06 1.91 92.72
W4y Ash content 2.08 1.99 95. 67
B-#i F B B-glucan 2.07 2.01 97. 10
=1 3
z—iﬁiﬁyric seid 1.93 1.81 93.78
£ # Polyphenols 1. 99 1.82 91. 46
a4t EK E a-vitamin E 2.05 1.85 90. 24
v-4i/E R E v-vitamin E 1.97 1. 86 94, 42
-4 E d-vitamin E 1. 90 1.75 92. 11
%4 & E Vitamin E 2.05 1.86 90.73

®71 EHMRSZOHM

2.4 BFEHRWMREZOMBRERD S
AT R AT RO B T Y S B T
k% (82. 04 %0) W & & T i 4h B 1A 19 231 1 ik
(64, 340 (F T, UL BT AZ O Fh 5T RE 95 5 K 2
J3E i A AR AS 1 3 AT 2 R L I Ah L B0 D
2% L 6] A R AE 1 DA B BT ik R 2 0 i T R
TG P U5 B A2 0 P T R BB AR R D B T A AR
HEE. Gl go R R mE RS E
BRI
2.5 BmILHMREERSH
X A% OB T R AT R I 45 R (B D R,
WALIE B R 7.4 I8 28 By RO R TR 4> R 5
KB, B RTEE T 6 MR B, LATER &
B RO RAE 58 RS 5 YR LK
KB v-AE TR S RS 6 i
JOT 5 T 2R LA 1103 R0 i U B kg DR R AIE 5 56 U 2
oA MM ZEREREERE S Bk
BEAL & 7 0P TT I 20 B R R
JR B R4 S 4

Table 7 Principal component analysis of original germplasm and core germplasm

IR A5 Original germplasm

¥ FP B Core germplasm

Y 4
(:()Yin}li%)rjlim Elﬁ%ﬁfﬁl ) c . )ﬁﬁk%ﬁ T %Jrlnulatlve E%?E{E R N . ﬁ#ﬂt}; /0 %ljrlnulftkni
gen value ontribution rdtL/A comribulion/% ElgLn value contribution rdtc/% comribulion/%
1 3. 50 23.31 23. 31 3.90 26.01 26.01
2 2.04 13. 60 36.91 2.96 19.72 45.74
3 1.71 11. 40 48. 31 2.00 13. 35 59.08
4 1. 36 9.08 57.38 1.35 8.99 68.07
5 1. 04 6. 96 64. 34 1. 09 7.28 75.35
6 1. 00 6.69 82. 04
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(n Gog refer to the codes of the core germplasm in table 4.
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Fig. 1 Cluster analysis of the core germplasm of hulless barley
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