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Abstract: Ginkgo biloba is the oldest living plant on Earth and one of the most widely 

used natural medicines worldwide. Flavonoids extracted from G. biloba have been 

shown to have protective effects against cardiovascular and cerebrovascular diseases. 

The bHLH transcription factors (TFs) are among the most important families of 

transcription factors in plants, playing a crucial role in regulating plant growth, 

development, and secondary metabolism. In this study, GbbHLH13 was isolated and 

identified. It encodes a protein consisting of 732 amino acids, and transient expression 

assays in tobacco indicated that GbbHLH13 is localized in the nucleus. Exogenous 

hormone treatments revealed that the expression of GbbHLH13 is affected by methyl 

jasmonate (MeJA) and abscisic acid (ABA). Transient overexpression experiments 

further showed that it upregulates the transcription levels of flavonoid metabolism-

related genes PAL, CHI, and C4H, suggesting that GbbHLH13 may be involved in 

flavonoid biosynthesis. 
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O
rig

in
al p

ap
er 

https://www.frontiersin.org/journals/plant-science#articles
https://doi.org/10.22058/jpmb.2024.2044701.1310
https://www.jpmb-gabit.ir/article_717860_17bc2e280b96824173dcf7c0249d6d26.pdf
https://creativecommons.org/licenses/by-nc/4.0/


 

 

2 

Journal of Plant Molecular Breeding |

 

Ying Li                                                                                                                                                                                     2024 | Volume 12 | Issue 2 

Introduction  
In our country, Ginkgo biloba resources are widely 

distributed and abundant, accounting for over 75% 

of the world's G. biloba resources (Wang et al., 2013). 

They possess unique morphological characteristics, 

systematic evolution, and taxonomic status. All 

parts of G. biloba have different medicinal values, 

making it one of the world's most widely used 

natural medicines. It is commonly used to treat 

asthma, hypertension, atherosclerosis, and to 

improve cardiovascular and peripheral vascular 

diseases (Li et al., 2019). G. biloba is especially rich in 

secondary metabolites (Liu et al., 2021), such as 

flavonoids, terpenoids, polysaccharides, and 

phenolic acids, with flavonoids and terpenoids 

being the main active medicinal components (Liu et 

al., 2022). Ginkgo flavonoids possess antibacterial 

(Tagousop et al., 2018), anti-inflammatory (Maleki 

et al., 2019), and antioxidant activities, as well as 

neuroprotective effects (Singh et al., 2019) and the 

ability to regulate the functions of key cell enzymes 

(Heim et al., 2002). They are essential ingredients in 

various nutritional supplements, pharmaceuticals, 

and the cosmetics industry. 

Transcription factors are a class of proteins that 

have specific DNA-binding domains and can bind 

to cis-regulatory elements to regulate gene 

expression at the transcriptional level (Biłas et al., 

2016). bHLH transcription factors are a type of 

transcription factor that contains a basic helix-loop-

helix (bHLH) structural domain, playing important 

roles in regulating plant growth and development, 

stress responses, and signal transduction (Hao et al., 

2021). In plants, the first protein reported to have a 

bHLH structural domain is the product of the R 

gene in Zea mays L., which is involved in the 

regulatory synthesis of flavonoids and 

anthocyanins (Ludwig et al., 1989). In yeast, bHLH 

proteins participate in chromosome segregation 

and metabolic regulation (Robinson and Lopes, 

2000). In animals, bHLH proteins are involved in 

sensing environmental signals, regulating the cell 

cycle and circadian rhythms, as well as modulating 

various developmental processes (Stevens et al., 

2008). In recent years, a large number of bHLHs have 

been identified in plants such as Arabidopsis thaliana 

(L.) Heynh. (Toledo-Ortiz et al., 2003), carrot (Chen 

et al., 2015), and Phyllostachys edulis (Carrière) J. 

Houzeau (Cheng et al., 2018), with comprehensive 

genome-wide characterization conducted. To date, 

over 160 bHLH transcription factors have been 

isolated and identified, of which approximately 

30% have defined functions (Pires and Dolan, 2010). 

Among the members of the bHLH transcription 

factor family in different plants, various bHLH 

proteins have distinct functions and are involved in 

different regulatory domains such as plant growth 

and development and morphogenesis. For example, 

the Arabidopsis thaliana bHLH proteins HEC2 and 

HEC3 are involved in regulating the development 

of the gynoecium (Gremski et al., 2007); 

additionally, MdbHLH10 in apples can induce 

anthocyanin accumulation in both homologous and 

heterologous systems (Espley et al., 2007). Research 

has shown that bHLH transcription factors mainly 

regulate gene expression through two mechanisms. 

One involves forming MBW complexes by binding 

to MYB or WD40 transcription factors for 

transcriptional regulation. The second mechanism 

involves directly binding to the promoters of 

structural genes to exert regulatory effects. While 

there are many studies on the regulatory role of 

MBW complexes, the direct binding of bHLH 

factors to promoters requires further investigation. 

For instance, in apples, MdbHLH3 can directly bind 

to the promoters of MdDFR and MdUFGT to 

activate their expression (Xie et al., 2012). 

Additionally, the bHLH transcription factor 

VvMYC1 interacts with MYB5a, MYB5b, MYBA1/A2, 

and MYBPA1 to induce the synthesis of 

anthocyanins and proanthocyanidins (Hichri et al., 

2010). It is known that most bHLH transcription 

factors involved in flavonoid synthesis in various 

plants belong to the IIIf subgroup. Members of the 

bHLH III(d+e) subfamily can regulate jasmonic acid 

signaling to enhance the plant defense systems in 

apples and strawberries, promoting the 

biosynthesis of flavonoids. 

So far, there has been little research on bHLH 

transcription factors related to ginkgo flavonoids, 

and the molecular mechanisms by which bHLH 

transcription factors regulate flavonoid synthesis in 

G. biloba remain unclear. In previous studies, the 

GbbHLH gene family has been identified (Zhou et 

al., 2020). In this study, GbbHLH13 was isolated for 

the first time. Through exogenous hormone 

treatment and transient overexpression, it was 
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found that GbbHLH13 and flavonoid-related 

structural genes were significantly upregulated, 

suggesting that GbbHLH13 may be associated with 

flavonoid biosynthesis in G. biloba. 

Materials and Methods 

Cloning and identification of GbbHLH13 

The nucleic acid sequence of GbbHLH13 was 

obtained from genomic and transcriptomic 

databases based on previous studies. Using ginkgo 

leaf cDNA as a template, specific primers 

(GbbHLH13-U/D) were designed with Primer 6 

software to amplify GbbHLH13, which was then 

cloned into the pMD19-T vector (Supplementary 

Table S1). The relative molecular weight and 

isoelectric point of GbbHLH13 were predicted using 

the ExPASy platform. Homologous protein 

sequences of GbbHLH13 were downloaded from 

NCBI, and amino acid sequence alignment was 

performed using DNAMAN 9.0. The upstream 2000 

bp of GbbHLH13 was extracted as the promoter 

sequence using TBtools, and cis-regulatory 

elements in the promoter region were predicted 

online using PlantCARE, visualization analysis of 

GbbHLH13 was conducted using TBtools. 

Phylogenetic analysis of bHLHs involved in 

flavonoid regulation across different species was 

conducted using TBtools, and the results were 

compared with GbbHLH13. 

Expression levels of GbbHLH13 in different tissues 

at various developmental stages 

The G. biloba materials were sourced from a 37-year-

old “Buddha's Hand” G. biloba in the ginkgo garden 

at the West Campus of Yangtze University. Samples 

from different tissues were collected from March to 

September 2024. Microstrobilus (M) were collected 

on March 23; ovulate strobilus (OS) were collected 

on April 10 and April 17; roots (R) were collected on 

April 10; stems (S) were collected on April 3, April 

17, May 7, May 21, June 3, July 1, and July 15; leaves 

(L) were collected on March 23, April 3, April 17, 

May 7, May 21, June 3, July 1, July 15, August 13, 

and August 26; and fruits (F) were collected on May 

7, May 21, June 3, July 1, July 15, August 13, and 

August 26. The samples were quickly frozen in 

liquid nitrogen for subsequent experiments. 

For qRT-PCR validation, total RNA was extracted 

from G. biloba using the Takara MiniBEST Plant 

RNA Extraction Kit. The first-strand cDNA was 

synthesized using the HiScript III First Strand 

cDNA Synthesis Kit from Vazyme, Nanjing. qRT-

PCR was performed according to the protocol of 

ChamQ Universal SYBR qPCR Master Mix. The 

primers DGbbHLH13-U/D were used to detect the 

expression of GbbHLH13 in G. biloba tissues at 

different developmental stages. GbGAPDH was 

chosen as the reference gene. Statistical analysis was 

conducted using IBM SPSS Statistics 26, and relative 

expression levels were calculated using the 2-ΔΔCt 

method, presented as mean ± standard error (SE). 

Duncan's multiple range test was employed to 

assess significant differences between means, with a 

significance level set at P < 0.05. 

Exogenous hormone treatment of G. biloba 

seedlings 

When the one-year-old G. biloba seedlings reached 

8-10 leaves, plants with consistent growth and no 

visible disease were selected. The seedlings were 

treated by spraying both sides of the leaves with 1 

mM MeJA, 100 μM ABA, and 1% ethanol solution 

as a control. Each treatment had three replicates, 

with eight seedlings per replicate. Treatments were 

applied at 8:00 AM, and leaves were collected at 0, 

3, 6, 12, 24, and 48 hours post-treatment. The 

samples were quickly frozen in liquid nitrogen, and 

RNA was extracted and reverse transcribed for 

subsequent RT-qPCR analysis of GbbHLH13 

expression. 

Subcellular localization of GbbHLH13 

First, the subcellular localization of the GbbHLH13 

protein was predicted using the WoLF PSORT 

online tool. The GbbHLH13, with the stop codon 

removed, was constructed into the pICH86988 and 

pICSL50008 fusion vectors. The correctly sequenced 

recombinant plasmid pICH86988-GbbHLH13-

pICSL50008 was then introduced into 

Agrobacterium GV3101 via electroporation. 

Infection solution (10 mM MES, 10 mM MgCl₂, 100 

μM acetosyringone, pH = 5.6) was injected into 4-5 

week-old tobacco leaves for transient expression. 

Three days later, fluorescence was observed using a 

laser confocal microscope (Leica TCS SP8) to detect 

the localization of GbbHLH13 in the plant. 

http://www.jpmb-gabit.ir/
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Figure 1. Characterization of GbbHLH13. (A) Phylogenetic tree analysis between GbbHLH13 and verified bHLHs in flavonoid 

metabolism pathway in other species. Information of gene IDs from other species was shown in Table S1. (B) Promoter analysis 

for GbbHLH13. (C) Multiple sequence alignment for GbbHLH13 conserved domain and bHLH conserved domains of other 

species downloaded from NCBI. 

 

 

Transient overexpression of GbbHLH13 in G. 

biloba 

To investigate the role of GbbHLH13 in the flavonoid 

biosynthesis of G. biloba, the overexpression vector 

pCY-H05252 was selected. PCR amplification was 

conducted using the primers pCY-H05252-

GbbHLH13-U/D, and the full-length sequence of 

GbbHLH13 was subsequently inserted to construct 

an overexpression recombinant vector. This vector 

was then transferred into Agrobacterium 

tumefaciens GV3101 via electroporation and 

employed for transient overexpression experiments 

in G. biloba. Annual Ginkgo seedlings exhibiting 

uniform growth and free from disease were selected 

for these transient expression experiments. The 

bacterial cultures of pCY-H05252-GbbHLH13-

GV3101 and pCY-H05252-GV3101 were activated. 

Once the optical density at 600 nm (OD600) of the 

bacterial suspension reached approximately 1.0, the 

culture was centrifuged at 4000 rpm for 5 minutes 

to collect the bacterial cells, which were then 

resuspended in an infection solution containing 10 

mM MES, 10 mM MgCl2, and 100 μM 

acetosyringone at pH 5.6. The left leaf of each 

seedling was injected with the infection solution 

containing pCY-H05252-GbbHLH13, while the right 

leaf received the control solution. Following a 24-

hour incubation period in the dark, the samples 

http://www.jpmb-gabit.ir/
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were cultured under normal conditions for one 

week. Subsequently, samples were rapidly frozen in 

liquid nitrogen for further experiments. 

Results 

Isolation and analysis of GbbHLH13 

The full length of GbbHLH13 is 2199 bp, encoding 

732 amino acids; the molecular weight is 8.2 kDa, 

and the isoelectric point is 5.68. Promoter analysis 

showed that GbbHLH13 contains a large number of 

light-responsive elements, gibberellin, methyl 

jasmonate, and abscisic acid response-related 

elements; it is also related to anaerobic induction 

and tissue meristem. (Figure 1B). By comparing 

bHLH protein sequences with high similarity to 

GbbHLH13 using NCBI Blast function, it was found 

that GbbHLH13 protein shares a common conserved 

domain with bHLH proteins of other plants (Fig. 

1C). To study the phylogenetic evolution of 

GbbHLH13, this study selected 12 bHLH amino acid 

sequences involved in flavonoid regulation to 

construct a phylogenetic tree. The results showed 

that GbbHLH13 has a relatively close genetic 

relationship with dracaena, apple, and grape 

(Figure 1A). 

Expression levels of GbbHLH13 in different tissues 

at different stages 

The expression levels of GbbHLH13 were analyzed 

in G. biloba microstrobilus (M), ovulate strobilus 

(OS), roots (R), stems (S), leaves (L), and fruits (F) at 

different developmental stages. Samples included 

one period for roots and male flowers, two periods 

for female flowers, seven periods for stems and 

fruits, and ten periods for leaves. The results 

indicated that GbbHLH13 expression in leaves 

showed a trend of rising and then falling, peaking 

at L2 and experiencing a brief increase at L7. The 

expression was highest in the first period of stems, 

significantly notable in the first and fourth periods 

of fruits, and markedly higher in female flowers 

compared to male flowers and roots  (Figure 2). In 

summary, GbbHLH13 is expressed in various tissues 

of G. biloba at different stages, with an overall 

declining trend over time, significant expression in 

leaves, and almost no expression in roots.  

Figure 2. Expression levels of GbbHLH13 in different tissues at different developmental stages of Ginkgo biloba. 

http://www.jpmb-gabit.ir/
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Figure 3. Expression of GbbHLH13 after exogenous hormone treatment of Ginkgo biloba. 

 

Exogenous hormone treatment of G. biloba 

seedlings 

In this study, online prediction of the GbbHLH13 

promoter revealed the presence of response 

elements for MeJA, ABA, and GA3. Research has 

shown that treatment with MeJA and ABA can 

effectively increase flavonoid accumulation. For 

instance, MdMYB1 in apple can activate 

anthocyanin biosynthesis under the influence of 

ABA, and the isolated MdbZIP44 from apple can 

enhance the binding of MdMYB1 to the promoters 

of downstream target genes, thus promoting 

anthocyanin accumulation(An JianPing et al., 2018). 

Similarly, ABA treatment has been shown to 

increase the content of flavonoids in pigeon pea 

(Yang et al., 2021). Additionally, ABA treatment of 

Fragaria chiloensis can enhance the expression of 

FcPAL, FcCHS, and FcANS(Mattus-Araya et al., 

2022). Studies have found that Carthamus tinctorius 

L. upregulates the expression of CHSs, CHIs, and 

HCTs while downregulating ANRs and ANSs 

through MeJA treatment, thereby promoting 

flavonoid biosynthesis. In Camellia vietnamensis 

(Chen et al., 2020), MeJA treatment increases the 

expression of key genes involved in flavonoid 

synthesis, such as PAL, 4CL, CHI, and FLS, after 2 

hours (Yan et al., 2022). Furthermore, after MeJA 

treatment, AmMYB30 interacts with the promoters 

of AmCHS, AmFLS, and AmF3H to induce flavonoid 

accumulation (Qi et al., 2024). MeJA treatment also 

upregulates the expression of key genes like MYC 

transcription factors in the flavonoid biosynthesis 

pathway of Dendrobium officinale (Jia et al., 2024). 

To explore the relationship between GbbHLH13 and 

flavonoid content, 1 mM MeJA and 100 μM ABA 

were applied to the leaves of one-year-old G. biloba 

seedlings. The gene expression patterns of 

GbbHLH13 in hormone-treated leaves at different 

time points were analyzed. The results indicated 

that after ABA treatment, the expression of 

GbbHLH13 first increased and then decreased, 

peaking at 12 hours. In contrast, after MeJA 

treatment, GbbHLH13 expression rose sharply, then 

fell, and subsequently increased again to reach a 

peak (Figure 3). These findings suggest that 

GbbHLH13 may be involved in the regulation of 

flavonoids in G. biloba. 

Subcellular localization of GbbHLH13 

Online prediction indicates that GbbHLH13 is 

localized in the nucleus. By constructing the fusion 

expression vector pICH86988-GbbHLH13-

pICSL50008, using pICH86988-pICSL50008 as a 

control, we employed laser confocal microscopy to 

detect the subcellular localization of GbbHLH13 

fused with green fluorescent protein. The 

experimental results showed that the control group 

displayed fluorescence at both the cell membrane 

and nucleus. In contrast, when expressing the 

pICH86988-GbbHLH13-pICSL50008 fusion, strong 

fluorescence was only observed in the nucleus, 

which is consistent with the expected results (Figure 

4). 

http://www.jpmb-gabit.ir/
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Figure 4. Subcellular localization of GbbHLH13. 

 

 

Figure 5. (A) GbbHLH13 clone product electrophoresis pattern. (B) pCY-H05252-GbbHLH13 electrophoresis pattern. (C) 

GbbHLH13 regulates expression changes of structural genes. 
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Transient overexpression of GbbHLH13 in G. 

biloba 

Since a stable genetic transformation system has not 

yet been established for ginkgo, this study chose to 

use a transient overexpression method by injecting 

ginkgo leaves to predict the function of GbbHLH13. 

After cloning GbbHLH13 (Figure 5A), the pCY-

H05252-GbbHLH13 vector was constructed (Figure 

5B). The pCY-H05252-GbbHLH13 vector was used 

as the experimental group, while pCY-H05252 

empty vector served as the control group. Four 

structural genes involved in the flavonoid 

biosynthesis pathway in G. biloba PAL 1, PAL 2, 

C4H, and CHI were selected as targets. RT-qPCR 

experiments were conducted to investigate the 

expression changes of these four structural genes in 

the experimental and control groups. The results 

showed that the expression levels of PAL 1, PAL 2, 

and C4H significantly increased in a short time 

(Figure 5C), suggesting that GbbHLH13 may be 

involved in the regulation of flavonoids in G. biloba. 

Discussion 
This study provides the first analysis and 

identification of GbbHLH13, which is located in the 

nucleus. Its nucleotide sequence is 2199 bp, 

encoding 732 amino acids. It was found that 

GbbHLH13 shares common conserved domains 

with bHLH proteins from various plants, including 

Cryptomeria japonica (Thunb. ex L. f.) D. Don 

(XP_057844388.1), Larix gmelinii (Rupr.) Kuzen. 

(UNP37115.1), Pinus massoniana Lamb. 

(UGN74583.1), Picea abies (L.) H. Karst. 

(ANB66421.1), Elaeis guineensis Jacq. 

(XP_010906882.1), Populus trichocarpa Torr. & Gray 

(XP_006383662.2), Cinnamomum micranthum (Hay.) 

Hay (RWR95376.1), and Populus euphratica Oliv. 

(XP_011032729.1), (Figure 1C). The phylogenetic 

tree indicates that GbbHLH13 is phylogenetically 

related to the identified bHLH transcription factors 

involved in flavonoid regulation. Previous studies 

have shown that DcbHLH2, DcbHLH5, and 

DcbHLH56 regulate flavonoid biosynthesis by 

binding to promoters(Zhu et al., 2020). 

Heterologous expression of PgMYB5-like and 

PgbHLH in pomegranate induced the accumulation 

of dihydroflavonols(Arlotta et al., 2020). Research 

has indicated that the expression of TT8 is 

controlled by different combinations of MYB and 

bHLH transcription factors in plants, specifically 

inducing the biosynthesis of 

proanthocyanidins(Baudry et al., 2006). 

Overexpression of VvbHLH1 significantly increased 

the accumulation of flavonoids in transgenic 

Arabidopsis plants, while enhancing salt and 

drought tolerance(Wang et al., 2016). MtTT8, 

MtWD40-1, and MYB transcription factors interact 

with MtPAR or MtLAP1 to activate the promoters of 

flavonoid reductase and anthocyanin synthase, 

thereby regulating anthocyanin biosynthesis(Li et 

al., 2016). Differential expression gene (DEG) 

analysis revealed that the expression pattern of 

MYB-bHLH-WD40 genes positively correlates with 

anthocyanin accumulation in blueberry fruits(Zhao 

et al., 2019). In summary, GbbHLH13 may play a 

regulatory role in the flavonoid synthesis pathway. 

Promoter analysis can help reveal the potential 

response mechanisms of genes to multiple stresses. 

Binding sites related to meristem formation, 

organogenesis, and anaerobic induction were 

identified in the GbbHLH13 promoter, suggesting 

that GbbHLH13 is closely associated with plant 

growth and development. When plants are 

subjected to specific environmental influences, 

plant hormone signaling pathways are activated to 

regulate various downstream biological processes. 

Exogenous hormone treatments showed that the 

expression of GbbHLH13 is influenced by MeJA and 

ABA, both of which have been shown to affect 

flavonoid synthesis in various plants. Therefore, it 

can be inferred that GbbHLH13 may regulate 

flavonoid synthesis. Additionally, transient 

overexpression in ginkgo leaves indicated that 

GbbHLH13 also upregulated the transcription levels 

of genes related to flavonoid metabolic pathways, 

including PAL, CHI, and C4H. 

Conclusion 
In this study, GbbHLH13, located in the nucleus, 

was cloned for the first time, and its function was 

analyzed and identified. It is speculated that 

GbbHLH13 is involved in the regulation of 

flavonoid synthesis in Ginkgo through hormone 

treatment. Furthermore, the transient expression of 

GbbHLH13 in Ginkgo can upregulate the 

transcription levels of genes related to the flavonoid 

metabolism pathway, specifically PAL, C4H, and 

CHI. Additionally, the transcription factor (TF) 
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protein that interacts with GbbHLH13 should be 

further identified and analyzed. 

This study suggests that GbbHLH13 may be 

involved in the flavonoid metabolic pathway, 

providing valuable insights for expanding the 

control network of flavonoid metabolism. Future 

research is needed to explore the downstream target 

genes of GbbHLH13 and how they participate in the 

regulation of flavonoids in G. biloba. 
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فاکتور در   GbbHLH13  رونویسی  نقش 

جینکو   بیوسنتز   تنظیم گیاه  در    فلاونوئید 

   بیلوبا

   1،2*یانگ لی

 ، هوبی، چین434025 جینگژو  ، دانشگاه یانگ تسه،داریباغبانی و باغ دانشکده (1

ی، دانشگاه  هوبآزمایشگاه مرکزی نوآوری و استفاده از ژرم پلاسم گیاهان باغبانی و ادویه  (2

 ، هوبی، چین434025یانگ تسه، جینگژو 

زنده روی زمین و یکی از پرمصرف ترین داروهای طبیعی در   انترین گیاهقدیمی   از  جینکو بیلوبا  :چکیده

اثرات   دارای  ،G. bilobaاست که فلاونوئیدهای استخراج شده ازنشان داده  ها  بررسی باشد.  می سراسر جهان  

یکی  bHLH (TFs) فاکتورهای رونویسی  باشند.می های قلبی عروقی و عروقی مغز  بیماریمحافظتی در برابر  

که نقش مهمی در تنظیم رشد، نمو و متابولیسم   بودههای فاکتورهای رونویسی در گیاهان  ترین خانوادهاز مهم

  ژن،   این توالی   مدنظر قرار گرفت.   GbbHLH13ژن  جداسازی و شناسایی   در این مطالعهد.  ثانویه گیاه دارن

بیان    در تنباکو نشان داد کهاین ژن    موقت  بیان  سنجشنماید.  می اسید آمینه را کد    732متشکل از    ی پروتئین

  تحت تأثیر  GbbHLH13 بیانتیمارهای هورمونی اگزوژن نشان داد که   .باشدمی در هسته     GbbHLH13ژن

این    موقت  بیانبیشهای  آزمایش.  رار داردق   (ABA( و متیل جاسمونات )MeJAاسید آبسیزیک )  هورموندو  

افزایش   C4H ، و PAL  ،CHI   شامل  های مرتبط با متابولیسم فلاونوئیدنشان داد که سطح رونویسی ژنژن  

 .در بیوسنتز فلاونوئید باشدGbbHLH13 حاکی از نقش  تواندمی احتمالا  که یافته

 .RT-qPCR سلولی، درون یابی مکان  فلاونوئیدها، ،GbbHLH13 بیلوبا، جینکو کلمات کلیدی:

شی 
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