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Broadly targeted metabolomics study of highland
barley seeds of different qualities
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NIMA Yangzong, CHANG Zihui, LIAO Wenhua
(Institute of Agriculture , Tibet Academy of Agriculiure and Animal Husbandry Sciences, Lhasa, Tibet 850000, China)

Abstract; Three representative highland barley of good quality, medium quality and poor quality were selected
from 81 Tibetan highland barley according to the content of quality indexes ( protein, starch, B-glucan, y—ami-
nobutyric acid). ‘Biru’ highland barley was selected as the good quality, ‘Qushui’ highland barley was selected
as the medium quality and ‘ Baribai’ highland barley was selected as the poor quality. The changes of metabolites
in barley seeds of different quality were studied by LC-MS/MS. The total number of differentially expressed metab-
olites between ‘Biru’ and ‘ Baribai’ (56 up-regulated, 206 down-regulated) , ‘Biru’ and ‘ Qushui’ (179 metab-
olites up-regulated, 82 down-regulated ), ‘Qushui’ and ‘Baribai’ (58 up-regulated, 240 down-regulated) was
262, 261 and 298, respectively. Difference fold analysis found that phenolic acids was the main metabolite of the
high quality compared with the low quality, and anthocyanins was the main metabolites of the high quality compared

with the medium quality. The results of metabolic pathway enrichment analysis showed that the differential metabo-
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lites of high quality were enriched in 65 pathways, mainly in amino acid biosynthesis, aminoacyl biosynthesis and

flavonoid biosynthesis. Compared with medium quality, the up-regulated differential metabolites of high quality were

enriched in 65 pathways, mainly in amino acid biosynthesis, aminoacyl biosynthesis and 2-oxy—cyclopentane meth-

yl ester metabolism. Compared with the low quality, the differential metabolites of medium quality were enriched in

61 pathways, mainly including biosynthesis of flavonoids and flavonols, purine metabolism, pyrimidine metabolism

and aminoacyl biosynthesis.
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Table 1  Quality indexes of different varieties of highland barley

75 FEsh g5 SR/ (ng-¢') HEAREGE/(mg-g!) B-HEMSE/(ng-g") yv-EHTRIE/(ng-g")
Number Sample number Starch content Protein content B—glucan content GABA content

1 DCDM2020001 592.31 78.82 47.30 117.65
2 DCDM2020002 599.12 84.68 43.89 107.26
3 DCDM2020003 585.08 82.02 51.02 106.49
4 DCDM2020004 565.37 75.76 39.15 95.18
5 DCDM2020005 563.39 68.11 40.53 88.29
6 DCDM2020006 548.02 70.59 44.18 95.45
7 DCDM2020007 577.00 67.52 48.24 85.57
8 DCDM2020008 567.29 80.37 52.06 90.28
9 DCDM2020009 564.30 79.00 45.57 98.58
10 DCDM2020010 583.82 70.67 43.62 94.12
11 DCDM2020011 543.80 74.82 46.49 97.90
12 DCDM2020012 555.36 81.49 43.93 96.76
13 DCDM2020013 521.06 60.97 46.24 88.44
14 DCDM2020014 539.93 67.22 45.68 107.43
15 DCDM2020015 492.71 64.18 44.41 78.53
16 DCDM2020016 543.41 77.50 44.33 85.82
17 DCDM2020017 522.76 61.73 39.93 85.14
18 DCDM2020018 523.16 73.10 36.73 96.53
19 DCDM2020019 541.77 77.57 48.40 97.50
20 DCDM2020020 583.37 70.22 38.95 115.79
21 DCDM2020021 492.65 62.57 41.96 82.35
22 DCDM2020022 536.60 70.87 40.74 87.12
23 DCDM2020023 576.53 74.32 41.32 107.99
24 ZJDMO001 532.54 70.23 37.81 90.45
25 ZJDM002 532.47 63.20 43.85 121.34
26 ZJDM003 608.90 74.64 45.41 142.03
27 7ZJDM004 478.95 61.37 39.69 90.11
28 ZJDMO005 492.58 60.14 46.49 113.44
29 ZJDMO006 463.83 59.87 32.28 107.76
30 ZJDMO007 490.19 60.96 45.88 100.17
31 7ZJDM008 506.89 70.96 44.26 109.70
32 ZJDMO009 512.34 61.96 41.79 101.82
33 ZJDMO010 483.37 64.04 44.08 111.88
34 ZJDMO11 468.11 54.54 43.58 108.48
35 ZJDMO012 475.45 55.93 36.98 107.22
36 ZJDMO013 461.25 63.56 31.90 89.80
37 ZJDMO014 490.86 57.01 39.29 114.02
38 ZJDMO15 511.88 70.05 45.98 96.13
39 7ZJDMO16 502.98 72.45 38.13 117.91
40 ZJDMO017 521.70 71.03 35.43 112.00
41 ZJDMO018 490.31 67.43 37.67 95.87
42 7ZJDMO019 496.66 68.39 33.68 93.86
43 ZJDM020 461.26 62.19 36.43 98.28
44 ZJDM021 488.61 70.50 38.38 111.95
45 ZJDM022 545.57 72.80 37.80 124.24
46 7JDM023 526.89 69.72 47.33 114.56
47 ZJDM024 508.35 69.88 36.24 118.92
48 ZJDM025 499.65 68.26 39.36 103.60
49 7ZJDMO026 558.63 68.74 40.94 106.96
50 ZJDM027 561.86 69.65 40.75 113.38
51 ZJDM028 542.79 66.17 41.35 122.73
52 ZJDM029 513.03 61.01 41.39 118.79
53 7ZJDMO030 507.89 71.88 35.37 124.05

54 ZJDMO031 535.41 73.70 45.37 122.69
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Continued table 1 Quality indexes of different varieties of highland barley
F5 FE b WEHER/ (mg-¢') EAREE/ (mg-g") B-H RS/ (mg - g7!) y-EETIREE/ (pg-g ")
Number Sample number Starch content Protein content B—glucan content GABA content
55 ZJDMO032 494.34 68.54 39.01 92.77
56 KKDM2021001 491.03 68.22 44.15 110.71
57 KKDM2021002 547.33 66.16 45.08 110.18
58 KKDM2021003 524.25 67.17 47.56 103.59
59 KKDM2021004 523.18 62.78 41.68 98.20
60 KKDM2021005 519.00 71.46 45.99 122.06
61 KKDM2021006 601.08 85.17 52.33 101.28
62 KKDM2021007 523.62 62.12 54.29 111.45
63 KKDM2021008 538.03 67.01 46.81 113.44
64 KKDM2021009 494.46 62.57 49.01 117.43
65 PCDM2020001 508.49 65.53 53.68 113.21
66 PCDM2020002 515.29 66.94 50.11 89.04
67 PCDM2020003 562.07 78.15 53.81 89.11
68 PCDM2020004 491.32 61.92 53.66 93.77
69 PCDM2020005 530.86 66.33 45.58 111.34
70 PCDM2020006 531.70 62.46 45.80 131.46
71 PCDM2020007 551.73 74.35 54.79 96.05
72 PCDM2020008 505.19 68.58 47.85 127.10
73 PCDM2020009 429.45 61.21 47.45 112.83
74 PCDM2020010 487.82 64.79 46.75 100.18
75 PCDM2020011 515.94 65.85 54.96 105.04
76 PCDM2020012 488.67 68.25 44.43 108.37
77 PCDM2020013 479.57 70.24 43.39 107.95
78 PCDM2020014 482.00 65.60 44.82 108.61
79 KKDM2020001 481.65 66.31 52.48 109.20
80 KKDM2020002 496.10 60.96 45.88 106.25
81 CK 532.66 64.93 51.19 121.90

TE:DCDM HRFR AMZ L H SR M iR (I H A7), KKDM AAFk Akl e an B 1 2 3R A i35 PR (b an s #R) , ZIDM A3k
I RLEE K SR BR (KRR ) s PCDM AR IR R 5 CK S DU 8 S 4f B < 58055 20007
Note: DCDM represents the highland barley from Lamai Village, Bari Township, Nyingchi ( ‘ Baribai’ highland barley) , KKDM represents the

highland barley from Wokuo Village, Baiga Township, Nagqu Bilu County ( ‘ Biru’ highland barley) , ZJDM represents the highland barley from Qushui
County, Lhasa ( “Qushui’ highland barley).PCDM represents Shannan highland barley, CK is ‘Zangqing 2000’ .
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Fig.3 Volcano plot of differential metabolites

FrAEA A
Standardized

value

1.5
1.0
0.5
0

—0.5
I—I.O
—15

KKDM2021005-2
KKDM2021005-3
DCDM2020017-1

KKDM2021005-1

(ALt Bitvs. B2 H [ # FR
‘Biru’ highland barley vs.
‘Baribai’ highland barley

w5 AL ‘Biru’ highland barley

DCDM2020017-2

DCDM2020017-3

W H [ ‘Baribai’ highland barley

=

KKDM2021005-1

KKDM2021005-2
KKDM2021005-3
ZIDMO012-1
ZIJDMO012-2

(B)LL 7 Btvs. 1 7K 3 BR
‘Biru’ highland barley vs.
‘Qushui’ highland barley

ZJDMO012-3

mLL R ‘Biru” highland barley

Wik FE ‘Qushui’ highland barley

ZIDMO012-1

ZIJDM012-2
ZJDMO012-3
DCDM2020017-1
DCDM2020017-2
DCDM2020017-3

(Ol 7K 75 Fitvs. B2 H (1 75 B
‘Qushui’ highland barley vs.

‘Baribai’ highland barley

w KB ‘Qushui’ highland barley
m [ H AL ‘Baribai” highland barley

T B R A B, G D 22 S R 5 B, S LB AR X 5 AR e (AL R 15 B R R 3 b (LR RS o R, s aR

(IR

)o

Note: The horizontal axis represents different sample names, the vertical axis represents differential metabolites. Different colors represent the

values obtained after relative content standardization ( red represents high content, green represents low content).

4 FERREFRERNGPMELLE
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