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Abstract: Hyperforin is a key pharmacologically active constituent responsible for the antidepressant and
other therapeutic effects of Hypericum perforatum. However, its content within medicinal materials varies
significantly according to the harvest season and the plant organ, leading to inconsistencies in drug quality. To
elucidate the dynamic patterns of hyperforin biosynthesis, this study systematically analyzed the accumulation of
hyperforin and the expression levels of key biosynthetic genes in the roots, stems, leaves, and flowers of H.
perforatum collected across different seasons. The results revealed that hyperforin accumulation exhibits distinct
seasonal fluctuations and tissue specificity, following the order of flower > leaf > stem > root. Notably, the
hyperforin content in leaves reached its peak in the second season. The expression patterns of key biosynthetic
genes (e.g., HpPKS, HpPTI-4) were inconsistent with the accumulation trends of the final product in terms of both
temporal (seasonal) and spatial (tissue) dynamics. Gene expression was predominantly active during the first

season and was significantly high in roots, where hyperforin content was the lowest. These findings suggest that
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the regulation of hyperforin biosynthesis involves complex multi-level mechanisms, with an asynchronous

regulatory relationship between gene expression and the accumulation of the final product. By dissecting the

spatiotemporal characteristics of hyperforin biosynthesis from both the perspectives of metabolite accumulation

and gene expression, this study not only provides a theoretical basis for further research into its regulatory

mechanisms but also offers valuable insights for the quality control, metabolic regulation, variety breeding, and the

development of science-based cultivation and harvesting strategies of H. perforatum.
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Figure 1 Dynamics of hyperforin accumulation in different parts of H. perforatum from diverse origins and growing seasons. A: A whole

H. perforatum plant, showing leaves, stems and roots; B: Comparison of hyperforin content in leaves (L) and stems (S) of plants collected

from different geographic origins during the second season; C: Accumulation dynamics of hyperforin in roots (R), stems (S), leaves (L), and

flowers (F) of plants from Enshi across different seasons (seasons 1—4). Data are presented as mean = SD (n > 3). Statistical significance
was determined by one-way ANOVA followed by Tukey's post-hoc test. ns: Not significant; P < 0.01; P < 0.001. 1-4: Season 1 to 4; ES:
Enshi; CQ: Chongqing; YC: Yichang; BJ: Bijie; F: Flower; L: Leaf; S: Stem; R: Root
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Figure 2 Overview of the full-length transcriptome sequencing data of H. perforatum. A: Quality assessment of transcript assembly via the

BUSCO database; B: Length distribution of CDS sequences; C: Venn diagram of transcript functional annotations against the GO, KEGG,

NR, NT, and KOG databases; D: Functional annotation classification based on the GO database; E: Distribution analysis of gene expression

levels
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Figure 3 Expression level analysis of key genes involved in the biosynthetic pathway of hyperforin. A: Expression profiles of key genes in
the hyperforin biosynthetic pathway in leaves across four seasons (Q1-4), with samples collected from Enshi. BCKDHA, branched-chain
alpha-keto acid dehydrogenase; B: Expression profiles of key genes in the hyperforin biosynthetic pathway in roots, stems, leaves and

flowers during the third growing season. CCL: CoA ligase; PKS: Polyketide synthase; PT: Prenyltransferase
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I B 4% 0 HI 44 PIBP (R AR R o ARHRF FLdtE— 2B R
I, PR AL U I S A BE RS Bl RE DR (HpPT1~4)
[F)REEAR R B TG K SR T, B ik 4 22 Bk SR E AR
(AR SRR R B 2T i i RO 2R SR AR A7 . X — 45
RRW, B S 2 Bk R AE R 1A N RT REATCE 25 B IR 1)
B4 S % A7, FLEARNLE] R — B IR

Wit

T 4 22 ik 3 A B 4 22 Bk R PR IR 5 25 B
PRI OGBS, SR A A WITE R I & B AR K
A GO [\ I AETE 235 22 7, 1240 7 H 2456
AR 00 ) ot e 35— 1R ST e sE M . AR ST E
T AR ZET B G 2 Bk & A b STt S 2 kRS
5, RO 8B B B i M AN SR S
FEAL S BHF AL > i > 2> i, B S B
CREIRBR . EUCERRL b D@ A i A
B RO B R (1 Rk, R BRIK PR 7R T B 4 22
RRNER BRI FHUH . EREENRE, &2
PR L) & RO SR Bl R DR (T L2 e TR ik e % ily
Xl HpPT1~4) £ 3 K 240 v 47 15 2 A7 1 & B2 AR AU E
Th e 3 A B TRLJE 7 2100, X A6 45 U TF BRI 4 R 4 A
El b 2 R HL36E 658 SCH 3 1 qPCR 51 470 T I 5 K IR
i I qPCR 75 2 AT JE K 235 43 W W 5 5 350 43 W 4
JEL, T o5 FLSE R R B 2 o IR, ARWIF 90 R
FH %% 5% 2R BE I P 43 #7, LA FPKOM (B B 48 5 i 4% 2k [
FRJSE e SR AR, A 280k B T 28 T, W AR T R IK S
PRI SEVE . S5 BRI, SRR R (U0 HpPKS
HpPTI1~4) [ 235 K5 77 PR B 3548 1) A) (Z=
W) A (AL e EH R 5L

TR B TE H, MR AE R =Y AR R 2 PR 5
KIZR (BRI iE) LN &S 5 (Y
755 R A% (B T s mte,
TSR, A S DL IO 288 0 LAY IR AR AR PR AR R I 2
Wi G HE 52 B ERY, B AL R W), FEAE T R SIS IR
AR K A B, MYBLbHLH WRKY 265 5 5% [A]
TH Y R B Tt U 1T IR B, T B R R R R T T
R R, $ERETE (Medicago truncatula) % 5%
Kl MYB2 il i [ 45 1 3 B B AR T R S e &=
FEM - FTEEE B AR B X IR i aa ) PP K BF 1
(Catharanthus roseus) "F miR156a/SPLs J&Z ) miRNA-
B 33 [R] - R UK X 24 3 I P R 4 T Wi R TR R R
ik, BHIKEBI A G RS REE, FF2 (Salvia
miltiorrhiza) " SmPAL1-SmRCA & [ H.{F A He i@ i i
25 2R T R AR AL, R e W R 5 e 288 ) AR O 1) 43
BeB o axX et 57 3 (w45 7R 1 % 5k DR I 2% e 1o 2 A
T BT ) 5 R R ) 2, AT 4 AR 7 A i e AR
R ELE . e ekh e 2R
A i B 5 4 2R PR ) HpWRKY f 5224, 1] e &
TEEM R R Ik N 1 dhAb, ek R4 1 B
B AR A Rl S 5 R R R s A i
ik X A AE SRR, DASOG R IR B S PR R
XF bR BT A R 45, E AT A L R R e AR 2 ) AR
R, T S 2 Bk R AV B R R R IL 5
HREFHA— BRI R T e A2 PR R 5 R R IA T 45 5
ATPIINAR R AR B R 0 2 RS 5 W R AE
458 .

ZE AT, AW IE IS R G0 E A R 2R B4
kAP R S Lk EmN S E, HE S HAEYE
BSOS B g R DR I R A 2 A, RGUET T ST e 2 Bk R
A B B B A AR AR, IR T O AR B
BRI R0k 5 7 )RR B AE T AR TP AR A — B .
B 745 R IR N B BT 4 22 Bk 3 AR D6 O I 5 3
AHLEIFR AL 7R 2EARYE, WO Z B T E s T
AEWE R AR R AR E, DA AR E
PNV AR SR B R e, R4 T B R B S

1E& Sk 2 BT A5 5t SO 4 22 B RE I ITS
Y E T G Bk B S R B o AT R SRS EHT R
S S B A 0T A S A B 0 23 b A R A S B AR 9T B
& 2 WRRE T IR CSE ; SR8) BRI R H AR SR A 5 SRR S
Kfe T e sURE 588, TEEES5RTBM.

FIERSE: FT A 16 75 B R AELE R 2 v 2R
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