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Abstract: [ Objective | This study aims to explore the important metabolites that may be involved in the
metabolism of pyrimoxsulam in hulless barley, as well as clarify the metabolism mechanism of pyrimoxsulam in
hulless barley, thus providing a theoretical basis for the scientific use of pyrimoxsulam and the selection and
breeding of herbicide—tolerant hulless barley varieties.[ Method ] The leaves of a tolerant hulless barley variety
(Qing 0306) and a sensitive variety (Qing 0160)treated with pyrimoxsulam for 0 d, 1 d and 6 d were analyzed
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by liquid chromatography—mass spectrometry (LC—-MS).[ Result]With VIP>1.0 and P<0.05 as the threshold,
598 differential metabolites were screened out, which were mainly flavonoids, terpenoids compounds, alcohols,
phthalides and other substances; KEGG metabolic pathway was enriched and analyzed, which was mainly
involved in metabolism of metabolites 2—oxocarboxylic acid metabolism, amino acid biosynthesis as well as
flavonoid biosynthesis, among which the biosynthesis of flavonoids is the most significant. [ Conclusion | Using
metabolomics technology , different varieties of hulless barley leaves were analyzed by metabolomics in different
periods (0, 1, 6 d) after pyrimoxsulam stress, the metabolite changes in sensitive and resistant hulless barley
varieties after pyrimoxsulam treatment were clarified. This study provides a basis for the subsequent genetic
improvement of hulless barley and the scientific application of pesticides.

Keywords: hulless barley; pyrimoxsulam; metabolomics; differential metabolites ; stress; mechanisms of

resistance
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Tab.1 Classification criteria for drug damage
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a: bR ;b A 1 dse AbFE6 d.

a:Before treatment;b: After 1 day treatment;c: After 6 days treatment.
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Fig.1 Response of sensitive and drug-resistant hulless barley to pyroxsulam
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Fig.2 Phenotypic characterisation of plant height(A)and poisoning rate(B)of resistant and sensitive barley after amisulpride stress

222 PLS-DA 9 #1

il F PLS—-DA B 37 TN AR | I oE AT R0 UE (1] 4) , 757 34~ HL AR 4L A PLS—-DA B 7Y | %% B PLS-DA
BERIHES S5 (n=200) H 22 S AR An] — R BEALHES 7™ A= 9 R2 Q2 E, R2 A1 Q2 Bk 23T 1.00, 3% A Y6 ]
S, B/ INT A i) R A E ., R W] PLS-DA BB 1w 00-G, RS AT RIOH 70T R 2 R ik 320 ] ) e K 22
ST LG, AT DAEAT I g2 A T

a b
1o 20
20 - "
class ) class
o117
#- RO 10 o ol g & RO
~ 10 -
S & S0 S f 15 a 50
e <+ * Ll
N ) & RI & . N _ & RI
— o] \ X —_— = N
&y # . = s 51 S 0 51
4 “« K v & R6 4 & R6
i | = ® & S6
o /] . Y # " 86
-10 f °§ | i
1 op18°15 /)| & QC —
. ¥ 217 -10 - .
-20 B i
—40 20 0 20 -30 -20 -10 0 10 20

PC1(20.86%)

a: E%?*ﬁﬁ 5 b: ﬁ%?*ﬁﬁo
a:Positive ion mode ; b: Negative ion mode.

K3 oot

Fig.3  Principal component analysis

PC1(21.65%)



- 318 - RN AN I 3 o416

a RO S0 b RI S1 c R6 S6
Intercepts:R2=(0.0,0.79),Q2=(0.0,-0.92) Intercepts:R2=(0.0,0.87),02=(0.0,-0.73) Intercepts:R2=(0.0,0.90),Q2=(0.0,-0.74)
10t o aeo] 10 e B e
10 T P g b b ' B | [ ' o
05ln i T 05 05 1 \
i ’ | A
0.0 l 0.0 ] 0.0 ’
. - |
Q [} . o .
=707 I Z 05 c '
s = . =
1.0 -1.0 i
i -1.0 H
-1.5 I H 1
-
. o R2 -L.5 . * R2 2.0 = * R2
2071 H = Q2 : = Q2 T = Q2
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
Cor Cor Cor
d RO S0 e RI S1 £ R6_S6
Intercepts: R2=(0.0,0.81),Q2=(0.0,-0.86) Intercepts: R2=(0.0,0.88),Q2=(0.0,-0.78) Intercepts: R2=(0.0,0.90),Q2=(0.0,-0.87)
1.0t & g8l 1.0t B a0 L bR R e
b R g e b ' - N ' ' N
0.5 1 i 05 . . i 1 .
0.0 | 0 e |
: I 0.0 | :
O L] ) A o
= % -0.5 ’ - % .
< B
’ -1
>—1_O s -
H -1.0
. : I i
-
] -1.5 8 N
-2.0 & = * R2 H - e R2 " e R2
- = = Q2 2.0 : = Q2 - Q2
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 06 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
Cor Cor Cor

abic: IEBE TR d e f: BB T
a,b,c:Positive ion mode;d, e, f: Negative ion mode.
K4 PLS-DA flEEH:56
Fig4 PLS-DA sorting test
23 ERREMIHIE
FIFH PLS=-DA 43 M7 , % 5& BI{E } VIP>1.0, FC>1.5 5 FC<0.667 H. P<0.05, i % i T 598 4~ 22 S AR i

Y. mFE2ATUE M EIEE TR 700250, 1,6 d i 25 5 B-S5 8UREH AR L, A 22 R
A3 9R 201 17 #0183 Fifr s 7E 1 B TAR R L it 25 0, 1,6 d i, i 2535 B 5 SURTE B L, A0 22 AR
Y435k 49 38 133 F

F2 ERREWHE

Tab.2 Screening of differential metabolites

P T St SR EGE  BEREEGE IR EE
Compared Samples No. of total ident. No. of total sig. No. of sig. up No. of sig. down

TE BT RO.vs.S0_ 837 260 201 59
Positive ion mode Rl.vs.S1_ 837 185 117 68
R6.vs.S6_ 837 138 83 55

B TR RO.vs.S0_ 386 125 49 76
Negative ion mode Rl.vs.SI_ 386 74 38 36
R6.vs.S6_ 386 70 33 37
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Fig.5 Differential metabolism Venn diagrams for each group
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Tab.3 ROvsSO R1vsS1 R6vsS6 extremely significant level (P<0.01)differential metabolites
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6 Ul — log2FC 1.23 1.43 1.29
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Fig.6  Analysis of KEGG enrichment bubble diagram
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R4 RO vs SOERREYEBERESE
Tab.4 Enrichment of R0 vs SO differential metabolite pathway
IE B T Positive ionisation mode 18 F 53 Negative ion mode
EE = W A4 R BEE S W A4 R M
Map ID Map title P-value  Map ID Map title P-value
map01210 2- AR IR AC 0.02 map00360 I AR 0.39
map01230 AR AW A 0.04 map02010 ABC $:i2 14k 0.39
map00400 TR R I 2R 2R 1Y AR 6 0.05 map00561 LERGLEIMC 0.33
map00240 B IE AT 0.10 map00130 1Z B AN ICABE 28 - 1 AR A 0.11
map01200 fie A 0.10 map00564 RSN R 0.11
map00940 RN A6 0.15 map00592 =PRI A 0.11
map04075 M ERFE S 0.16 map00350 ik 2 R AR 0.26
map00380 AR 0.23 map00970 HIEBE-(RNA 1949 E 1K 0.26
map00750 Y2k % B6 ARG 0.27 map00330 R A 2R A 0.33
map00360 RN R A 0.37 map00562 N30 N AW 0.33
x5 Rl vs SIZRREYERESE
Tab.5 Enrichment of R1 vs S1 differential metabolite pathway
EB T2 Positive ionisation mode B T Negative ion mode
B W A4 R WEE  WERS WA PR 2
Map ID Map title P-value  Map ID Map title P-value
map00941 FEUT A=W 5 1 0.71 map01100 Rzt 0.95
map00380 R AR 037  map01200 TR 0.67
map00230 M A £ Q3 0.61 map01210 2SRRI AR 0.63
map00310 SR R R i 0.31 map00710 JeA YR [ E 0.28
map00960 PRI R IE FIEE E A W00 1) A6 65 1 0.23  map00240 W IE AR 0.19
map00260 &R 22 Z TR IR R A 0.15 map00030 Iz Be g 0.51
map00300 HRER 1 = 90 B B 0.56  map00350 it R AR 0.51
map00520 SRR FIVZ T RO 0.56  map00380 AE R 0.51
map00590 TEAE DUdR R A 0.56  map00640 PIERAR 0.51
map00945 | TIE R PERESOR W 1 5 ) A 0.56 map00290  ZZRR AR AN ST IR A YA Ik 0.37
6 R6 vs S6 ERNEIBEREE
Tab.6 Enrichment of R6 vs S6 differential metabolite pathway
1E B T3 Positive ionisation mode B T Negative ion mode
[FE £15 W AR WEE WERS W B A4 R I
Map ID Map title P-value  Map ID Map title P-value
map00941 FEEZAL A WA A R 0.03  map01110 AP =05 8 1.00
map02010 ABC ¥z 14 0.65 map00940 RN BRI AEY G R 0.34
map00330 NG R A 0.63 map00630 TR AN R At 1.00
map00950 S b A ek ) 2 0 1.00 map00660 C5- 4k oA 1.00
map00480 AW H kA 1.00 map00710 Heb A= ik T 22 1.00
map01040 ARG 7 R (9 A4 9 B 0.57 map00380 SR A 0.43
map00960 PRIE R W R E AR 0014 A ) 5 B 0.57 map00943 B 2E A W) 0.43
map00240 WEBE A 0.57 map00010 Yo T it 7T A B 0.31
map00945 TR ISP A B 1 A B 0.11 map00500 VERYFIREMIEAC 0.31
map00520 SR FIAZ A A Gt 0.49 map00592 o RRAR TGt 0.31
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FEWAE 2 B TS5 3 I, 236 3 9 a8 0 286 30 A e RIS ) , TR PSR D 3 05 9 A )
PRI T AR DT AL Y R Ae,

T8 WE i B0 T A A K e 7 A a5 ORGP TR P R 5 A I AR S i A
A BT R BRI o AN )RR A L I R R PN S AN TR AR B B A T 1 223 4 I 3 25 S AR
Yy, A5 IR KA R B 5 5 28NS R TR B B A 44 B2 2 A, oA
I IR IX AR 7 T R I Gl i R oA S AR T, o 28 RS B, 1S AR T A 4
B I A ] B R A M E AR SCARI ) & R AR 78, AT B T 7 BRI e f B Je Fp

TE 3, R B 2 K A A AT LIS AR G o PS5 = BAT REFIPTA
b B BB FPUR R IR ARG LB, 7E R vs ST, S5 R 2= AR A5 550 1.37,7E R6 vs
S6 I, S A R 1,14, 0B e WE Al B Bl 0 I, i 245 5 Rt o e o i A A e B 5 52 DA s Lk
gibberellin A7 (5% 3R A7) ST SR A K AU, AR A A 40 v s A/ UGS &
VR . BUr st R R WY, GAT e 25 AR 175 2 b - R BRI AN 52 e R, X A AN 23 B2 i A )
AIBTEIR 1, [ 2B GAT RT3 2 AL 25 RUIE I . 4-pyridoxic acid (4-NEME IR ) J&4E 42 3R B6 (Y e 24X
W BIRAEA: R BAT VR OR AR BRI IR DT ROAE Y, AR s 4R R Bo 2 R BRI R
OBRFEAGE, [R] I B G 4E A 2R RE S HS Bl IH A W WSCRN T Rk 27 , 30 RE T BRI 57 e i IR 0™, A9 9, 78
R1 vs S1HJ1, gibberellin A7(FR%E 2% A7) (4—pyridoxic acid (4—ME MR ) 1) A8 AL ASE0 53 5 A -2.94 F1-1.30,
15 R6 vs S6 I ], ALK Ny ~3.63 FI-1.03, d W 75 BE Al 2 iz 300 I, Tk 245 75 R ot Ao e i 0 ) o 5 3R A7
(6 1 A 2R B6 A LA s BT

A6 T8 3 A i A B, W 1 W i Y 1) T BRI R, SRR 4 AR W5 IUTE RO 5 SO B B
FE . EIEMOR VRN P E A B ARG Sy R S WA 5 AR S AR RS LA R A )
i 30 7 R A T AR ST A SRR B, 20 it b 22 S AR v A AG TN B T L-OR TN R A 8 Fh A ik
2o BB IEH A OR B 1 AR 52 A= A 15 3™, IR A S 28 1 B 454 103, 2 S R IR i
AT B, A RT3 R 0 X A g 3 vt T B RAT ER A IR, B A S A SR O3 AR S AN R
25 Z RSO, I B AT T i VF 24 B A, A A K R B AR RE i B ATl SRR g i 7 2k
DL R A YA AE Y0 B4R ) o AN, 4l R RE B T SR A2 H B BRI AL HAB A 1L S ) (i
JUT R ANGE R ) W A A R 19 1, BLBDEG R GE 58 A AR ™. BT AE Y5 iUAfE R1 45 S1 T BE, R6 15 86
OrBe 2 RIS S YA B AR R T AR, S BRI AR ) S AR AR M 0 B R A AR
ARG BT, 286 B 1 308 5% 5 IS DR AP IO X B v i 4% E A P B S Ak ] i HAT e 4 A
T ER A AR IR, LR 00 PO S A, 7 B 24 10 S5 U A 6 A A (™ HAE s i 5505
T A I 3 T IESE™ . ARIETE A SRR, 2 b Y 22 S AR b SR AG I B 1 R R 2R A A
IR B B 2R 45 T R B IR BT, Horb s R ZBR BAHUR A0 B MU FI BT IR 55VE s 1 R 2
AR s AR ) K A A B — FR IS BB ) 5, A BIF ST B B R B PR PO BT PRI R
GELL K T HLA e S5 Z R

T 24 it R T 0306 7 A 3 A L4 v b JR B 1 Ao Ay e Al o fg it 52 P , 3l i A 2 2 o0 A, 7 1
T 2 5 W TS 24 1 U OG0 22 S A L TR B T 598 4> 22 S AR, Horh AR AR 24
FORMRACHS RN B ALY G 1 S BTIRAE )5 1 428 2R Bo AU AF B 2 lha i . o, 2R A= 9 &
AR AR WE it Jeg b I 1) 221 I [) BE X e 28 o 4, B TR AR A T BRORT WGE T JHg i 245 P ltiod e
H AT REAL A SCHENE I .
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