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Abstract: Objective To determine the contents of 16 gibberellins (GAs), screen the genes involved in GAs metabolism and analyze
their bioinformatics, as well as clone the key genes and validate their expression level, so as to provide theoretical basis for
regulating bolting and flowering of Angelica sinensis. Methods The GAs contents in different materials were determined by
HPLC-MS/MS. The genes directly involved in GAs metabolism were screened based on the full-length transcriptomes of A. sinensis,
the bioinformatics was analyzed using the online tools, and the expression levels of the GA20x6 and GA200x1 genes were validated
by gRT-PCR. Results Among of the 16 GAs, the contents of eight GAs were higher in bolted plants than unbolted plants, and the
contents of 13 GAs were increased with the extension of plant development. A total of nine genes directly involved in GAs
metabolism were identified from A. sinensis, with six subfamily classified, six motifs included, and the sub-cellular located in the
cytoplasm. There was a certain difference in the base sequences between the cloned fragment of GA20x6 and GA200x1 with the
full-length transcriptomes, due to the inserted fragments in the sequence of GA20x6 and GA200x1. The expression levels of GA20x6
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gene were down-regulated in the bolted plants compared to unbolted plants, and with the extension of seedlings vernalization and
plants development, while up-regulated in the seedlings with frozen-avoided vernalization; but the GA200x1 gene showed opposite
results; and the expression levels of GA20x6 and GA20ox1genes in leaves and stems were higher than roots. Conclusion  There are

nine genes directly involved in GAs metabolism in A. sinensis, and certain differences in physical and chemical properties and

structure among the nine members; the expression levels of the GA20x6 and GA200x1 genes are in accordance with the physiological

regulation of bolting and flowering of A. sinensis.
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Fig. 2 HPLC-MS/MS chromatographic of extracts from EB and Un-EB plants of A. sinensis
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Fig. 4 HPLC-MS/MS chromatographic of extracts from 3-year-pld plants of A. sinensis at different growth stages
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Table 3 Genes directly and indirectly involved in GAs metabolism from transcriptomes in A. sinensis

| H AR 2577
GA20x1-1 gibberellin 2-beta-dioxygenase 1 H%
GA20x1-2 gibberellin 2-beta-dioxygenase H%
GA20x6 gibberellin 2-beta-dioxygenase 6 H%
GA20x7 gibberellin 2-beta-dioxygenase 7 =K
GA20x8 gibberellin 2-beta-dioxygenase 8 =K
GA30x2 gibberellin 3-beta-dioxygenase 2 =K
GA200x1 gibberellin 20 oxidase 1 B
GA200x2 gibberellin 20 oxidase 2 HEE
GA200x3 gibberellin 20 oxidase 3 B
CIGR1 chitin inducible gibberellin responsive protein 1 IS
CIGR2 chitin-inducible gibberellin responsive protein 2 [ETEE
CPS ent-copalyl diphosphate synthase [Z1E; 2
GAI-1 DELLA protein GAI [Z1E; 2
GAI-2 DELLA protein GAI [EIEE2
GASA1 gibberellin-regulated protein 1 EIEE2
GASA2 gibberellin-regulated protein 2 EIEE2
GASA6 gibberellin-regulated protein 6 [Z1E; 2
GASA7 gibberellin-regulated protein 7 [Z1E; 2
GASA14 gibberellin-regulated protein 14 [Z1E;2
GID1 gibberellin receptor GID1 EIEE2
GID1A gibberellin receptor GID1A EIEE2
GID1B-1 gibberellin receptor GID1B-1 EIEE2
GID1B-2 gibberellin receptor GID1B-2 [Z1E;2
GID1C gibberellin receptor GID1C [Z1E;2
KO ent-kaurene oxidase [Z1E;2
KAO1 ent-kaurenoic acid oxidase 1 I3
TPS4 ent-kaurene synthase TSP4 i) %
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Fx4 EES58)3 GAs RiEEBRFFER L HAE L
Table 4 Characteristic and subcellular location of proteins directly involved in GAs metabolism in A. sinensis

£ HER CDS KfE/bp ®HHAFM K/Maa  AEXIHFHE  SHA TAREN
GA20x1-1 gibberellin 2-beta-dioxygenase 1 1013 338 38 335.40 6.23 4 5
GA20x1-2 gibberellin 2-beta-dioxygenase 567 189 21552.62 6.84 2 5
GA20x6 gibberellin 2-beta-dioxygenase 6 1023 340 38610.20 6.21 4 5
GA20x7  gibberellin 2-beta-dioxygenase 7 1008 335 37 564.61 5.82 2 5
GA20x8  gibberellin 2-beta-dioxygenase 8 1707 552 63 401.49 8.68 2 5
GA30x2 gibberellin 3-beta-dioxygenase 2 987 329 36 436.81 5.47 4 5
GA200x1  gibberellin 20 oxidase 1 1179 392 44 453.60 6.80 2 5
GA200x2  gibberellin 20 oxidase 2 1029 343 39 493.80 5.97 20
GA200x3  gibberellin 20 oxidase 3 1104 368 42 041.43 6.23 ZH o

332 HEZ5MH GAs RMt&E AR M4
RN 9N E S 5 GAs AR [l i g i ) 2 1 5t
AT ZREE TR LA R 3D A, 4R, &
JRREERI o BB IEAREE. B AR ARSI E
2R (3 5, JE RN 2 M ol — G 2 1) 22

(GA20x1-1), HURZ o WBHEMEMEE, 2555
27.76% (GA20x7) ~41.12% (GA20x8) A1 15.20%
(GA30x2) ~22.22% (GA20x1-2); L6 A i =
R EEFYEONAEL (40 GA200x1 F1 GA200x3), {HA
BB 2 ) 45 7 22 S8R (0 GA20x1-2. GA20x6 Al

H R 5, L 30.25% (GA20x8) ~ 45.56% GA200x1 %) (& 6),
*5 HIES5Y)AGAs R 9 M EBRRN_REN
Table 5 Secondary structure of nine proteins directly involved in GAs metabolism in A. sinensis
E{=1 o BRiE G aEfEE SN BHTE HHI% TEHRI A i /1%
GA20x1-1 95 28.11 64 18.90 25 7.48 154 45.56
GA20x1-2 66 34.92 42 22.22 16 8.47 65 34.93
GA20x6 158 33.76 90 19.23 26 5.56 194 41.45
GA20x7 93 27.76 66 19.70 16 4.78 160 47.76
GA20x8 227 41.12 120 21.74 38 6.88 167 30.25
GA30x2 122 37.08 50 15.20 8 2.43 149 45.29
GA200x1 128 32.65 74 18.88 22 5.61 168 42.86
GA200x2 107 31.20 67 19.53 24 7.00 145 42.27
GA200x3 128 34.78 64 17.39 18 4.89 158 42.93

GA20x1-1

GA20x1-2

GA200x3

AT,
‘5'«‘\‘1\‘\1\.\%‘ ‘
) "\

%

El6 E#Z5%)3GAs il 9 MNERRN=REN

Fig. 6 Tertiary structure of nine proteins directly involved in GAs metabolism in A. sinensis
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Fig. 7 Phylogenetic tree of proteins involved in GAs metabolism in 11 species such as A. sinensis and A. thaliana

6 HIE25GAsKHEAR6 MRTEFRERFT
Table 6 Six motifs and their conserved sequences of GAs metabolism proteins directly participated

E e K J /aa TRp T
Motif 1 50 WISVKPNPDAFVVNIGDLFQALSNGRYKSVEHRVVVNSKKERFSIAFFLC
Motif 2 21 GLGPHTDPGFLTILHQDDVGG
Motif 3 21 RQIGKACREWGFFQVVNHGVP
Motif 4 18 ESTSFLRLNYYPPCPIPD
Motif 5 50 AHRYMDAFFKLPLSEKQRAQRKLGEHCGYASSFTGRFSSKLPWKETLSFR
Motif 6 19 LSLKIMEJJALSLGLPPDH

3.3.5 I GA20x6 1 GA200x1 & M J5i £ 741 EL ot
K249 AsGA20x6 Al AsGA200x1 5 NCBI
PARTF TS NS Pl b RIE PR = 1 5 MR
[T Z AL, 2R BN, GA20x6 H[FF

BN A JE M o, AH LM IR B 89.74%
( XP_017243791.1 ) , K X N % F W 71.55%

(KAA8532306.1). Z<Hf 68.84% (AVZ45857.1).
. 66.57% ( XP_019242512.1) F1 7 #iti 65.98%
(XP_004237179.2) (& 9-A); GA200x1 t 5
 NER MR, 1A% 82.95% (XP_017239190.1),
KRN i 69.13%(NP_001234070.1) 2 J#k 67.94%
(XP_011076268.1). i S 67.09% (KAA8539854.1)
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Fig. 8 Conserved sequences of proteins involved in GAs metabolism in eleven species such as A. sinensis and A.
thaliana
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Fig. 9 Multiple sequence alignment of GA20x6 (A) and GA200x1 (B) in A. sinensis compared with five other species
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Fig. 10  Agarose gel electrophoresis of amplification
products of GA20x6 and GA200x1 genes in A. sinensis
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Fig. 11 Sequence alignment of GA20x6 (A) and GA200x1 (B) genes obtained from gene clone and full-length sequencing in A. sinensis
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