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Abstract [ Objective] To lay a foundation for the use of multi-omics methods to explore the metabolic
pathways and regulatory mechanisms of important medicinal compounds of Tilia miqueliana Maxim. and

to provide a basis for the harvesting of flowers, the chemical composition of T. miqueliana flowers, the
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content changes of its signature components (flavonoids) at different growing stages were investigated.
[ Methods ] The 10-year-old T. miqueliana was used as the test material. The experiments were conducted
to analyze chemical components of flowers and differences in flavonoid contents using ultra performance
liquid chromatography tandem mass spectrometry (UPLC-MS/MS). [Results] (1) A total of 46 com-
pounds were identified, including 13 organic acids and their derivatives, 4 coumarins and their derivatives,
1 ester, and 28 flavonoids. (2) Flower opening stage was the cut-off point for significant changes in me-
tabolites. Compared with the bud stage, the metabolites changed more significantly during flowering. (3)
Multiple comparison analysis showed that the content of 26 flavonoids differed significantly (P<C0. 05) in
flowers at different phenological stages. Afzelin, kaempferitrin, quercitrin, hesperidin, taxifolin, and api-
genin 7-O-glucuronide were higher at flower opening stage. Final bud stage had higher concentration of
proanthocyanidin A2 and three proanthocyanidin trimers. [Conclusion] The development status may be an
important factor in determining the content of secondary metabolites in the flowers of T'. miqueliana. The
signature compound at the final bud stage was proanthocyanidin A2 and at full bloom stage was apigenin-7-
O-glucuronide, both of them were valuable for harvesting.

Key words Tilia miqueliana Maxim. ; linden flowers; metabolomics; flavonoids; UPLC-MS/MS
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A. Bud initiation stage. B. Middle bud stage. C. Final bud stage.

D. Flower-opening stage. E. Final flowering period.
The bar in the top-left corner represents 1 cm.
Fig. 1 Phenotypic traits of T. miqueliana Maxim.

flowers at various developmental stages
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Fig. 2 Analysis of PCA, PLS-DA, OPLS-DA and validation model of OPLS-DA
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Table 1 Identification of compounds from flowers of T. miqueliana Maxim.

WS PR EVILUEEN RS A=’} 2% HK
No. RT/min UV/nm MS? Compounds References
1 2.088 256,288 85,87,111,191 % T Quinic acid [14]

2 2. 904 213.272 79,124,125,169 WEFR Gallic acid [5]

3 3.822 210,292 73,111,155,173 J # R Shikimic acid [15]

4 5.504 203,267 108,109,153 J L% 2 Protocatechuic acid FRfE & Station
5 5.606 261,292 122,135,164,179 W HERR Caffeic acid [16]

6 7.085 219,267,340 133,177,339 Z MR Esculin [17]

7 7.646 207,258,295 164,179,387 WERR A 2E 9 1 Caffeic acid-derivate | [16]

8 9.788 257 65,93,94,137 K #R Salicylic acid [18]

A-(1-F2 3-1-H1 3 208 BRBE-1, 3- - FR R p- B IR — Wi i
9 10. 246 239,310 89,181,323,551 B-gentobiosyl ester of 4-(1-hydroxy-1-methylethyD [5]
cyklohea-1,3-diene-carboxylic acid

10 13.663 258,297,344 105,133,177 % ¢ % Esculetin [17]

11 15.753 240,285 135,179,387 W ER A 2L 9 11 Caffeic acid-derivate I [16]

12 19.476 280 125,289,407,577 JF 46T % %1k | Procyanidin dimer [ [19]

13 21.752 234,283,310 93,119,163 ¥t # E.2 p-Coumaric acid FRfE S Station
13 22. 382 226,264 125,203,245,289 F JLZE % (-)-Epicatechin [3]

15 23.657 239,266,334 108,152,167 FH R Vanillic acid [20]

16 24.932 238,301 89,149,191,461 ZTRATEYW 1 Quinic acid-derivate [ [14]

17 25.799 237,278 89,149,191,461 ZTRRATEY I Quinic acid-derivate 1l [14]
18 26.003 234,280 177,353,515 Z W LEMEY 1 Esculetin-derivate | [17]
19 26.156 279 125,287,407 .,577,865 JEAE T & = B IK Procyanidin trimer [19]

20 27.124 231,256,352 300,301,446,625 it He & — B B Quercetin-dihexoside [14]

21 27.277 235,270, 300,301,433,609 8 K 4F Hesperidin [21]
22 27.838 280 287,575,865,115 JEAETF £ B AR Procyanidin tetramer [19]

23 27.991 232,280,322 134,178,193 BT84 fi% Ferulic acid [22]

24 28. 960 233,280,324 289,407,577 JFAEH ZE BRIl Procyanidin dimer Il [19]

25 29.725 267,283,350 284,285,609 7T Rutin b i Station
26 29. 878 279,351 133,177,353 Z R CEMEW I Esculetin-derivate 1l [17]
27 30. 260 228,280 300,301,595 Wit 2 A4 #) Quercetin-derivate [5]

28 31. 458 230,270,350 151,300,301,463 SHit iz & Tsoquercitrin [23]

29 31.968 228,354 300,301,463 4 22 Bk 1F Hyperoside [8]

30 32. 886 231,280 284,285,579 =W fT A4 | Kaempferol-derivate | [21]

31 33.396 230,278 151,285,579 W& @A EY T Kaempferol-derivate 11 [21]

32 33.651 265,352 300,433 it 1 Avicularin [3]

33 33.753 232,280,350 284,285,447 LAY Astragalin [5]

34 33.957 230,275 151,300,505 Wit 2 £ B Viscumneoside [24]

35 34,671 267,349 300,301,433 F A B Guaijaverin [3]

36 34.875 268,349 284,447 A B E A Luteoloside [21]

37 35. 844 270,354 151,284,417 W Z5 /i) O-JRBEH Kaempferol O-pentoside [5,25]
38 36. 201 232,280 301,477 Wil 2 2 2 B B Quercetin glucuronide [26]

39 37.449 232,282 284,285,489 250 3% ¥ FHF E Andrographidine E [27]

40 37. 466 234,280 151,285,489,533 ARRHEZ 7-0-6'-H B W %17 Luteolin 7-O-6'-malonylglucoside [28]

41 43. 849 234,276,314 107.15,301 M K2 % Quercetin FRifE i Station
42 44,002 234,281 285,447,593 2 A Trans-Tiliroside [3]

43 44,308 233,280 171,257,301 ¥ ¢ % Hesperetin [29]
44 45.073 236,280 285,447,593 AR AR Cis-Tiliroside [3]

45 49.611 240,273,365 185,229,285 11 Z i Kaempferol [21]

46 55.016 240,282 155,285 JRE#E Luteolin [21]
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Fig. 3 Variation of the content of 26 flavonoids within five stages
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Table 2 Mean values of flavonoid relative content in inflorescences at different time periods

FAEW] Harvesting stages

AL’}
Compounds A B C D E
BTG T4 Afzelin —1.24540. 220e 13. 67540, 474c —0.239740. 195d 15. 26570, 225b 16.35120. 293a
B B 45 Neohesperidin —1.36240. 221b 15. 746 4-0. 995a 15.6394-0.611a  —1.538=0. 860b 16.367-0.101a
JF4EH E A2 Procyanidin A2 —1.244+0.237d  —0.50040. 287c 18.35240. 554a 15.74340.374b  —1.34540. 168d
1125 # Kaempferitrin —1.028=40.231b —0.37840. 288b 14. 86342, 369a 15.492+0. 324a —1.22240.169b
AEHERA F Taxifolin 6.4627-0.100b  —7.03740. 293¢ 7.01745.183ab  10.244740.133ab  10.53020.502a
¥ 2 3 Hesperidin 12.7704-0. 257ab  —0. 1490. 678¢ 8. 8444-8.088b 15.1954-0.401ab  15.71940. 103a
Hit B2 4 Quercitrin 15.216+2.299a  —0.394=+0. 305b —0.12940.219b 13.61741.339a  —1.379+0.183b
1 J # Naringoside —18.397=£0. 220c 0.567=0. 304ab 0.4852£0. 483ab 1.213%£0.819a 0.016+0. 496b
JRAETF E =R 1 Procyanidin trimer I —16.625+0. 264c 0.427+1.414b 2.00940. 401a 0.162+0.413b 1.9244+0.037a
JFAEHF £ =% Il Procyanidin trimer I —16.51140. 357¢ 1.877+1.869ab 2.561+0. 498a 0.678=+0.456b 0.619=+0.153b
JEAE T E =B Procyanidin trimer [ —16. 44840. 220¢ 1.6352+0. 920a 2.42740.377a 0.16940.071b 0.20740.371b
it 15 3-3-O A 7-O- RUPHEHF —16.67740.222c  —0.241=0. 229b 1.15140.240a  —16.5750. 792¢ 0.630+0.011a
Petiolaroside
2T Rutin —15.6280. 355¢ 1.25641.977b 3.78740.049a —15.53040. 802¢ 0.75570. 242b
ifﬁ&%ifﬁ%ﬁ —1.0404+0.277¢  —0.267+0.295b 0.110+0. 209b 15.598+0.550a  —1.055+0.176¢
#ILZKFE (-)-Epicatechin 0.44840.484c  —14.8344-0.382d 2.08840.262b 0.655%1. 080c 3.06340. 264a
[ % Tilianin —1.24640.891c  —14.56070. 438d 0.12840.779b 1.6380. 353a 1.79640. 767a
BLI% B K Orobol 0.66540.140b  —0.742-0.083¢c 2.153+0.430a  —1.899+0. 692d 0.332+0.315b
il 4228 £ Rhamnazin 0.16340.050a 0.19540.192a —1.518+1.006b  —2.31340.363b 0.34140. 303a
F O MAF Guaijaverin —1.67140. 647c 0.570=0.530b 1.0160. 217b 2.90540.760a  —1.42540. 414c
ABR#E % Luteolin —0.96240. 732¢ 0.30470. 236b 1.64540. 215a 0.51940.667b 0. 6080, 233b
11 72 i Kaempferol —1.267+0.535d 1. 18070, 242ab 1.661+0. 228a 0.724+0. 698be 0.191+0. 224¢
AR #H A Luteoloside —1.954+0. 463¢ 0.398=+0.173b 1.53470. 452a 0.267-+0.282b 0.02740.012b
S 2 Tsoquercitrin —2.205%+0. 305e 0.515£0.119d 1.77440. 086a 0.829+0. 115¢ 1.35140.054b
X HH-O-CHHF Eriodictyol-O-hexoside ~ —0.39740.365c  —0.77940.111d 2.2020. 245a 1.92140. 112a 0.736=0. 148b
Xy (+)-Eriodictyol —1.01440. 269d 0.03440.084c 2.43840.582a 1.56340. 309b 1.34540. 143b
it iz & Quercetin 0.0332£0.187c —0.324%£0.217c 2.086+0.473a 1.312%£0. 233b 1.71040. 522ab

T AT AN ] 3 B 7R 22 S LA et 2 B (P <<0. 05, Z LD .

Note: Different letters in the same line indicate statistically significant differences (P<Z0. 05, multiple comparison test).
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