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[ Abstract | Objective: To establish differential metabolites between different varieties of Angelica sinensis ,

and provide reference for breeding, introduction, regional cultivation and ecological cultivation of new varieties of
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A. sinensis. Method; Comprehensive non-target metabonomics analysis was conducted for five new varieties of
A. sinensis collected at the same time from the same origin: Mingui No. 1 (MGI1), Mingui No. 2 (MG2),
Mingui No. 4 (MG4), Mingui No. 5 (MG5), and Mingui No. 6 (MG6). The 50% methanol extract of each
variety was taken, and then the differential metabolites among varieties were found by using ultra-high performance
liquid chromatography-quadrupole-time-of-flicht mass spectrometry ( UPLC-Q-TOF-MS) , software Progenesis QI,
principal component analysis ( PCA ), partial least squares discriminant analysis ( PLS-DA ), and non-targeted
metabonomics analysis. Differential metabolites were identified based on precise molecular weight, secondary
fragments, KEGG database, HMDE database and related literature information. Result: The results of UPLC-Q-
TOF-MS and multivariate statistical analysis showed that there were significant differences in the metabolites of five
Angelica varieties. As compared with MG1, the contents of chlorogenic acid, ferulic acid, tryptophan and ferulic
aldehyde were significantly lower in MG2, MG4, MGS5 and MG6, while the contents of ligustilide, coumarin,
bovine keratin, palmitin, protocatechualdehyde and linolenic acid were significantly higher (P < 0.05). The
results of multivariate statistical analysis showed that the metabolites of MG2 and MGS5 were similar with those of
MG6, but were significantly different from those of MG4. In addition, 38 distinct metabolites were identified,
involving 7 potential targeted metabolic pathways. Different varieties of A. sinensis could regulate the synthesis of
their metabolites through phenylpropanoid biosynthesis and sesquiterpene-like compounds metabolism, lipid
metabolism, amino acid metabolism, carbohydrate metabolism, nucleotide metabolism, carotenoids, linolenic
acid, linoleic acid and some other metabolic pathways. Conclusion: UPLC-Q-TOF-MS and Progenesis QI
metabonomics techniques were used to compare the chemical constituents of different varieties of A. sinensis from
the overall level. The differences and their regularities were found, which could provide reference for quality
control, variety sorting, identification, breeding and ecological planting of A. sinensis.

[ Key words | Angelica sinensis; variety; UPLC-Q-TOF-MS; metabolites; chlorogenic acid; ferulic
acid; tryptophan
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Table 1 Specific information of Angelica sinensis
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Fig.1 Original plants and medicinal materials of tested varieties of Angelica sinensis
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Fig.5 PLS-DA score plots of different varieties of Angelica sinensis in positive mode
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Fig.6 Venny of differential metabolites indifferent varieties of Angelica sinensis
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Table 2 Some of metabolites and their identification results

JER
R 4 mie " BER A 5 vipgr P NEOC MG2 MG4 MGS MGG
/min D Vs Vs vs Vs
MGl MG1 MGl MGI
7 JH R 377.08 4.40 C,¢H 0y  [M+Nal* -2.30 3.47 0 00852 | ! ! !
-SRI W LR L 193.05 5.59 CoHg0, [M+H]* -0.11 2.28 0 06203 | ! ! !
oy 5 12 195.06 4.36 C,oH,,0, [M+H]* -3.75 1.65 0 01494 | ! ! !
F LR TR 209.08 6.08 C;,H,0, [M+H]" 0.14 1.04 0.0004 C09816 1 ! ! i
3-T W FEIR T IR A- IR P R £ 229.08 5.98 C,H,05  [M +Nal* -1.73 1.32 0 C12458 1 1 1 1
T 7 149.10 8.15 C H\,0 [M+H]* 1.65 1.61 0 clo428 1 i 1 i
FEE 147.04 6.02 CoHg0, [M+H]* 1.05 1.62 0 05851 1 1 1 1
4y 338.16 5.42 C;;Hy Oy [M+NH,]* -2.86 2.02 0 09298 1 i 1 i
(18,4R) -1-¥5 52508 fH sl 169.12 6.01 CoHisO, [M+H]? -3.70 2.04 0 c11937 1 1 1 1
A% N i 191.11 8.41 C,,H,,0, [M +H -H,0]* 227 .14 0.0003 C16987 1 1 i 1
[M+Na]*,[M+H]"
L-t 2R 203.08 4.11 C,;H,N,0, [M-H]* -4.69 2.26 0 C00078 | ! ! l
v-TERR R 277.22 9.42 CxH;0, [M-H]* -1.99 1.42 0 C06426 1 1 1 1
1-Z, B b B 399.14 5.07 CpH, 04 [M+H-H,0]"* -5.50 1.00 0.0070 Cl0544 1 ! 1 i
ABERR 338.16 5.42 C,HyyN,0 [M+NH,]" 9.70 2.02 0 C15500 1 i 1 i
KR % 397.13 5.42 CyHy,0;  [M+H]* ,[M+Na]* -3.77 1.08 0.0026 C09151 | i i i
(E=Y 7 227.08 4.11 C,;H;,N,0, [M +Na]* -4.55 2.21 0 C00806 | ! ! !
o] 250 F 179.07 5.34 CH, 403  [M+H]* -0.97 1.12 0.0004 C02666 1 l ! 1
B8 75 15 s 233.15 6.72 C;sH,0,  [M+H-H,0]" -9.32 1.04 0.0008 C13456 1 i 1 i
32 LS o 5 -B-D- 339.13 3.56 C3H, 0, [M-H]"- -8.07 1.14 0.0004 C04698 | i 1 !
L FLBE
JFOLZE 151.04 4.13 C4H,z 0, [M-H]" -9.49 1.26 0 C04043 | 1 1 }
YRR RS T BR 193.09 6.26 C;H,0, [M-H]" -7.77 1.70 0 20342 1 1 ! 1
AL 233.15 7.39 C;sH»,O0, [M-H]" -7.04 1.54 0.0010 C17609 1 1 1 1
a-§ R 291.19 7.95 CgHyO;  [M-H]"- -6.03 1.45 0.0002 C€08319 1 1 1 1
FR ST e 309.24 8.74 CyoHy 03  [M-H]" -8.10 1.50 0 C14308 1 1 1 1
i i 1R 275.20 9.95 CgHyO0, [M-H]" -5.81 1.31 0 C16300 1 1 1 1
LY AL R R 427.14 5.48 CgHy Oy  [M+K] " -2.40 1.25 0.0009 C08558 | i ! !
FEARL i 203.07 6.27 C,,H,,0, [M+H-H,0]*, -3.04 1.06 0.0014 C09963 1 1 1 1
[M+Nal*
RE R T IN 189.09 7.85 C,,H,,0, [M+H-H,0]", 1.81 1.45 0 C16924 | 1 ! i
[M+Na]* ,[M+H]"
AR 165.09 6.05 CsH,NO,  [M+NH,]" 3.16 1.07 0 €00025 | ) ! )
il -3-W R 172.01 0.68 C,H,O.P [M+H-H,0]*, -4.00 1.40 0 co3189 | l l
[M+H]*
IR I 3 72 i 649.59 8.83 Cy;sHy O, [M-H]" -5.16 1.81 0.0014 Cl4641 1 1 1 i
-1 R R 277.22 9.42 CHy0,  [M-H]"- -1.99 1.42 0 06427 1 1 1 i
D-H@m: 217.05 5.95 C¢H, 0 [M+Cl]* 2.27 1.41 0.0042 €00392 1 1 1 1
D7 215.03 0.66 C4H,0 [M+Cl]* -7.14 1.81 0.0001 C€00124 | ! ! !
i 20 215.03 0.66 C4H,0( [M+Cl]* -7.14 1.42 0.0001 C€00031 | ! ! !
L-A A% 166.09 0.84 C,H NO, [M+H]* -2.14 1.90 0.0001 C€00079 | ! ! !
L-Fi& A 1% 182.08 2.00 CoH  NO; [M+H]* -4.76 2.01 0 00082 | ! ! !

B IE B PR M+ HT* [M o+ NH, T [M+Nal* (M + K] % a0 FRER IS M - H] - [M+Cl] %,
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£33 FREGBMYGFMA G IERE (v +5,n=6)

Table 3 Relative content of differential metabolites of different cultivars of Angelica sinensis(x £s,n=6)

k41 4 B IRIA 15 (x10Y)  IRIF2 5 ( x10*) iRIT4 5 ( x10*) IRHAS 5 (x10*) IR 6 F( x10*)
N 241.88 +28.24 14.40 +2.93% 21.26 £5.35% 7.73 £0. 88% 7.39 £0.71%
I T -0 PR L T F 35 DR R 7 £ 12.79 £2.45 3.90 +0. 64 4.19 +0. 622 2.80 +0.31% 3.15 £0.37”
K[ B 2 80.67 +5.22 46.97 £2.01% 57.78 £2. 4% 48.45 +4.34% 44.19 +1.35%
RS R 102. 69 +8.73 141. 41 +6, 66 106. 18 +10. 38 150. 15 +5. 69% 160. 41 +8. 31
3- BT -4 R FR R AR 90. 80 +2. 80 135.91 +5. 83% 147. 36 +7. 69 137. 04 = 13.67% 142. 18 +6. 00>
T 7 A 68. 68 +2.53 119. 50 +2. 56 96.33 £5.09% 129.42 +4. 15% 126.73 +7.96
HFEE 98.73 +7.23 179.76 +10. 53 179.23 +6.51% 218.19 £7.25% 197.36 9. 13%
A 11.70 +1.37 29.12 +2.76% 29.23 +3.50% 20.92 +4. 332 24.55 +3. 622
(1S,4R) -1-¥ K2 AR IEHK 0.37 0. 05 0.96 0. 11% 1.15 0. 07% 1.17 £0. 19¥ 1.16 +0. 18%
B TR 6673.16 £512.43  9365.43 +811.527  6925.64 +512.66 9 456.40 £408.68> 9 048.45 +821. 89
L-f6 5 202.75 £19.36 59.41 +3.64% 77.97 +3. 882 84.48 +7.08% 81.91 +6.83%
y-TEJRRTR 223.87 +11. 04 415. 68 +26. 752 428.80 +14. 01 426.75 +9. 107 407.23 +35. 34
1-Z. B S SR e 110. 06 +12.93 143.01 +12. 16” 141. 61 +5.32% 138. 11 =12. 657 143.29 =+ 14. 66
AR 11.7 £1.37 29.12 +2.76 29.23 +3.50 20.92 +4.33 24.55 +3.62
KR 2 122.07 £12.29 152.96 = 6.39% 159. 78 +8. 06> 158. 07 = 13. 60 161.17 +12. 147
o5 R 17.34 +0.50 7.58 £0.37% 8.73 +(0.32% 9.82 0. 63% 9.25 £0.37%
[Eds 256. 66 +21. 06 211.48 +9. 17 160. 37 9. 95% 184.48 +15.71% 202. 02 +10. 56>
ST RS 8.79 0. 60 8.98 +0.43 9.25 +0.21 11. 00 +0. 582 9.10 +0.42
PP 2 - - - W 2 -B- - FU T 2.74 0. 38 5.06 £0.61% 10. 18 0. 51% 5.07 £0.28% 5.82 0. 44%
T LZS 1.52 +0. 11 1.94 +0.22% 2.08 +0.10% 2.34 £0.15% 1.98 +0. 16*
Yo FA LA R S T TG 1 7.42 £0.61 3.34 £0.24% 3.12 £0.34% 3.22 0. 25 3.13 £0. 08>
Ly 7.45 £1.50 14.12 £1.30% 13.30 +2. 01 14.56 =0.77% 12.86 £ 1.39%
WeR 11.39 +0.70 24.82 +1.47% 22.85 +1.23% 22.46 +1. 15 27.31 +1. 85
SR a7Sp e 1.30 0. 10 3.03 £0.18% 2.73 +0.24? 2.62 +0. 127 2.62 +0. 322
TR R 18.53 =1.67 20.75 +1.55 47.81 x4, 38% 37.42 £2. 117 17.35 £2.30
A ko s 8.79 +0. 88 9.12 £0.71 12.48 +1.23% 10. 11 0. 82" 9.00 0. 80
FEAL A Mg 9.13 £0.82 10.46 1.03" 12.26 +1. 06> 11.70 +0. 65 8.95 +0.75
i AL 9.95+1.33 22.36 +7.72% 25.40 4, 52% 19.94 +6, 322 26.38 +5.34%
-l kAR 233.87 +12.09 415. 68 £26.75% 428.80 + 15. 352 426.75 +9. 10 407.23 £32.26%
D-H i 0.54 £0.23 1.71 0. 36 0.94 +0. 36 1.39 £0.67% 1.33 0,39
D->P- LWk 21.74 £2.94 10. 50 +0. 63% 8.26 +0. 66 10. 12 £0. 68% 10.70 £1.25%
L-ORN R 8.18 +0.39 4.46 +0.36% 4.90 +0.24% 4.56 +0.57% 3.75 0. 562

e HIRA 12D P<0.05,2 P <0.01,

BeAFEAEY A M. AR KA, 5 MG A, MG2,
MG4 ,MG5 FI MG6 i R , -7 PR R , B ) 2R, 4 Tl
i, B8 J 2, A 7 TR 5 1 A O 0 3 g 100 B AN [
Fofr 1) 254 051 1 B o AR08 & 2B T AR Ak, PR 4R s AR g R
N T it 24 5 A T) 2 B A 55 — R AL

4.3 FEMRMAW CER BER AEER KLE
W2 R A0 R A R S R T R R R, B
A7 R 0 & 5K N AR, AE R RF 1A 5K 77 1E E S
A R D R AR T, AR B ST & B, MG2,
MG4 ,MG5 J¢ MG6 iy {0 2 2 4% 2 12 . 3R
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Fig.7 Hierarchical clustering significant differentially metabolites among different varieties of Angelica sinensis
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