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Screening and analysis of gibberellin responsive bolting and flowering genes in
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Abstract: Objective The influencing factors of bolting in Oenothera parviflora were investigated by light treatment, low-temperature
treatment and gibberellic acid (GA3), and the genes related to bolting and flowering under GA3 treatment were screened by transcriptome.
Method Different concentrations of GA3 with 0, 200, 400, 600, 800 mg/L were applied for treatment 3 d and 10 d, respectively, and
the bolting rate of Oenothera parviflora were determined. Further transcriptome analysis was conducted on the stem apex before and after
GA3 spraying to screen for differentially expressed genes related to bolting and flowering. Results varying photoperiod, light quality,
low temperature, and treatments with GA3 indicated that GA3 application had the most significant impact on the bolting time. Among the
different treatments, 600 mg/L GA3 solution led to the highest bolting rate at 96.67%. Transcriptional profiling showed that following GA3
treatment, 1 626 genes demonstrated differential expression, with 863 upregulated and 763 downregulated genes. Compared to homologous
genes in Arabidopsis thaliana, suggested that genes such as OpTEM1, OpCO, OpFD, OpAGL19, OpAGL42, OpAPI1, OpRGLI, OpSPLS5,
which are related to bolting and flowering, might play a role in regulating bolting and flowering time under GA3 treatment. Conclusion
These findings shed light on the bolting characteristics and developmental dynamics of the Oenothera parviflora, which is crucial for
elucidating the bolting mechanisms and guiding practical cultivation strategies.
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#1 TERERE GA3 LB TARENH#ER
Table 1 Bolting rate of Oenothera parviflora under

different concentrations of GA3 treatment

A
GA3/(mg L)
K10 K15 L10 L15
200 33.33 36.67 73.33 83.33
400 63.33 66.67 83.33 86.67
600 73.33 76.67 86.67 96.67
800 66.67 66.67 73.33 86.67

800, 0205 Q30 MILLZRITE 98% LA |, T HIFE 4
My Esm (R2) .
34 HMEATERPRIEEFEENEE

HE 8RR, —HimEEs 17 1626 4
Z R RISER, GA3 Wi b #AH T CK _Eii R
EFERA 863 4, TFRHKIEZERFFA 763 4.

M 47 780 NMIEEFGHE L 129 NFIEIER, LA
llogafold chang|>1 Fll P<<0.05 NIIE, #HT K%
1% o I FPKM {E 4 BR R AN Rl 22 18 %
BN A WFRE R FRA M. 2 s, 45 45
N2 5 Eg s, i PHYA. PHYB. PHYC. 41
MNER S H5HFENRIE, W ATX] ATX2. ATX7. 4
RN HiREi&#, W HOSI. SPL3. ARP6. 144~
N2 Y5 GA3 i&1%, W GIDIA. GIDIB. GAI. 10
MERS 5 E F#1%, i JMJIS. REF6. FLD. 5
KN 2 59%4%, tn SPL3. SPL5. SPL15. H,
TR LA R TR A, 7R H W R TEMI . CO.
FD. AGLI19. AGL42. APl. RGLI. SPL5 JERH7E
GA3 AbFE N RIA W EFE RN . R IR IR v] G 7E
GA3 MEH T, BB S A WA k2 T

*2 HRERBBIESN

Table 2 Transcriptome raw data analysis

FE i reads No. Base/bp Qso’bp N% 020/% O30/%
GA-1 55 550 952 8 332 642 800 8175345173 0.000 354 99.44 98.11
GA-2 54 529 396 8 179 409 400 8027 330 831 0.000 377 99.45 98.14
GA-3 49 025 490 7 353 823 500 7209941 185 0.000 373 99.43 98.04
CK-1 61 322 164 9198 324 600 9019 399 893 0.000 361 99.42 98.05
CK-2 60 769 168 9 115 375 200 8941 983 332 0.000 361 99.43 98.10
CK-3 60 789 800 9118 470 000 8 958 659 865 0.000 380 99.48 98.25
15+
Control: Ck
Case: GA
% 0
T - Down(763)
NoDiff(46154)
- Up(863)
107
o4+ A

log(Fold Change)

E1 EFFREERERNALE

Fig.1 Volcano diagram of differentially expressed genes

35 FTIEEFEEBIEE A (gene ontology, GO)
S5R#ERSEEEBREHE (Kyoto encyclopedia
of genes and genomes, KEGG) E&E S #f

GO & RAIN, 47 270 MR — I 4 3 734

ANDReHH, JHEEACAR SR TEM1.CO-AP1 AGLI9.
AGL42. SPL5 25 BP B4 pid 2 (biological
process) - Pk P {H<0.05 F11 FDR {Ei/MNIHT 20 > GO
Term 5% H PR & SEf B B 12 il w Aadis (B 3) .
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Enrichment results of KEGG pathway
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Fig. 6 Fluorescent quantitative validation of expression levels of bolting and flowering related genes
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RN, RGLI AMUFFHRMIER T GAl
M RGA, EAE W HIEETFAL S HE 5 3 S Hb Az 05),
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BRI R R, LsRGLI {5 s e
B, BRI AT AL 2 A s 45 R B, LsRGL1
ALY LsGA3ox F1 LsYUC4 JE 3 XA HAE U2,
A, JEE AN T AL GA3 AFAR T H W
B Z N E RS R R AAR K, 4 TEMI . CO.
FD. AGL19. AGL42. API 1 SPL5 %, 1XYLJL[A
EHEEYT I 5 R L, )8 TR T R 2 M
2 b ) EE LR A, IR BREIRITE GA3 IR N AT RE
Z 5 7 H WEEZ TR s M 4% .

SRR SR Y A IR AR K OB R 2, TG
JA RS WY O e EE R R —,
K H BB 2 A8 o (e ik E RERE 2 1 e 22 A0 D)
FTEAMFL A, AN [FDG R BA AR B B A R I, Ot
HEE BHAD GO0 F LB B B2 S AN B2 . IR
FHAEBENIAER R, o i) iR S
R MME AT . RIS E 5FWIBRAHER,
XRVFZMY) OUHE FEAEEY) IR nms
Pt FE . ZE— g R SR KO SR T 42
HhEE, B ERVRILA . AR A A B
THEAMP ALK AR T AFEDER, Jepab,
RILH WEL Ve B AT AT B SR, R, K
TRACER I AR W2 (R H R hEE, XnlgeskmH
DL EHI I S A W A AR AR U, 538
SR T B IR 2% At AN AL B B 1]

bHLH A& — 28 A FE A [X I8 e - 2 - 0 Jie 45 1
WA, EEMPEREE . ALY
Jolp A o S8 DL R 0 A AR i 4 ot R oy i DG B A £ 21,
AT 2 F R IA W R BT AT R, K
bHLH # sk R/ H Wi d i 2R EE. &
LRI 47 780 N EEFH, KIWA 68 4~ bHLH
R e U B T BN, ORI bHLHA4S.
bHLHG60. bHLH68 A bHLH104 Z 5t E 11
R RS RRHENTEESS T GA3 %M
FHEL R . bHLH %% 5% R 7] LU i 45 & 21 Re € 1)
DNA J741) FRE TR 2RIE, I g2 e
MPAEKKRE, OEHZEMITERY, s, bHLH
e s IR ] g 5 H A 1R 42 DR 1 RS 5 A AH ELAR
i, TERCE R M4, JERFZmH LR AR K
KE. GA3 " fgild 2 bHLH s PH -+ 1
BERIA KT, TR T AR D0 PR AE T B e L, A O
WS, Mt . X RS R
bHLH # s K FEMEYAK KGR rE G T
HER 7 THRAL, TEAEMAE T GA3 BN

A7 FARARIE
Zi LA, GA3 i Z A LA 2 H S 1R

By TR, M et . X EHL A REE

FAE R T A MK-F R KR F W, BLRE A

1 3k PR 2R TR AR P AT SR MR AR VDR A 5 45 5 1

MR . GA3 HIN HI 93 iy F L5 3 22 228 &

RAL T H R T B X SLBRAg AR A 7 B

HEEECH- S
FBAFR FTAREHFAREEANZF R

SEE

[1] FrsEm. B A LEEEITaReg (7] Rk
2, 2022(15): 18-20.

[21 GKEfs, IS, YA, SE. FEMLH B SR
AR [0] Bk RN S, 2023(7): 137-140

[3] Paciorek S J, Borowicz M, Isbrandt M. Effect of evening
primrose (Oenothera biennis) oil cake on the properties of
polyurethane/polyisocyanurate bio-composites [J]. Int J
Mol Sci, 2021, 22(16): 8950.

[4] Freytes S N, Canelo M, Cerdan P D. Regulation of
flowering time: When and where? [J]. Curr Opin Plant
Biol, 2021, 63: 102049.

[5] Song Y H, Ito S, Imaizumi T. Flowering time regulation:
Photoperiod- and temperature-sensing in leaves [J]. Trends
Plant Sci, 2013, 18(10): 575-583.

[6] Hao JH, Yang J W, Liu X F, et al. Molecular basis of high
temperature-induced bolting in lettuce revealed by multi-
omics analysis [J]. BMC Genomics, 2022, 23(1): 580.

[7]1 Osnato M. Evolution of flowering time genes in rice: From
the paleolithic to the anthropocene [J]. Plant Cell Environ,
2023, 46(4): 1046-1059.

[8] Vicentini G, Biancucci M, Mineri L, ef al. Environmental
control of rice flowering time [J]. Plant Commun, 2023,
4(5): 100610.

[91 FKZRE, FIEHE, WRIEME, 55 SR IT AL AR 2 1
TrTRERL (D). HEPIEAR, 2014, 49(4): 469-482.

[10] WangY D, Huang X, Huang X M, et al. BcSOCI promotes
bolting and stem elongation in flowering Chinese cabbage
[1]. Int J Mol Sci, 2022, 23(7): 3459.

[11] CiJ B, Wang X Y, Wang Q, et al. Genome-wide analysis
of gibberellin-dioxygenases gene family and their
responses to GA applications in maize [J]. PLoS One,
2021, 16(5): €0250349.

[12] Wang S L, Luo C, Sun L, ef al. LsRGL1 controls the
bolting and flowering times of lettuce by modulating the
gibberellin pathway [J]. Plant Sci, 2022, 316: 111175.

[13] Gao S P, Chu C C. Gibberellin metabolism and signaling:

Targets for improving agronomic performance of crops [J].



* 6354 «

FED 2025698 $56% B 178 Chinese Traditional and Herbal Drugs 2025 September Vol. 56 No. 17

[14]

[15]

[16]

[17]

Plant Cell Physiol, 2020, 61(11): 1902-1911.

Igielski R, Kepczynska E. Gene expression and metabolite
profiling of gibberellin biosynthesis during induction of
somatic embryogenesis in Medicago truncatula Gaertn [J].
PLoS One, 2017, 12(7): ¢0182055.

Chen P L, Yang R X, Bartels D, et al. Roles of abscisic acid
and gibberellins in stem/root Tuber development [J]. Int J
Mol Sci, 2022, 23(9): 4955.

Liu L J, Ou C G, Chen S M, et al. The response of
COL and FT homologues to photoperiodic regulation
in carrot (Daucus carota L.) [J]. Sci Rep, 2020, 10(1):
9984.

Wen C K, Chang C R. Arabidopsis RGL1 encodes a
negative regulator of gibberellin responses [J]. Plant Cell,
2002, 14(1): 87-100.

(18]

[19]

[20]

[21]

[22]

LiL, Li X, Liu Y W, et al. Flowering responses to light
and temperature [J]. Sci China Life Sci, 2016, 59(4):
403-408.

g e Ty GR G KERT T DR AR
[D]. &% ARLO KA, 2022.

W, THE, OB, 55 ae Mot Fan kK
KERRWE [J]. HAERMREBHEOR 24k AR
Jil, 2018, 46(3): 111-118.

Xue G X, Fan Y, Zheng C Y, et al. bHLH transcription

factor family identification, phylogeny, and its response to

LA

abiotic stress in Chenopodium quinoa [J]. Front Plant Sci,

2023, 14: 1171518.

Feller A, Machemer K, Braun E L, et al. Evolutionary

and comparative analysis of MYB and bHLH plant

transcription factors [J]. Plant J, 2011, 66(1): 94-116.
[TriEsmit B 9]



