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Abstract
Ginkgo biloba is utilized as food, medicine, wood, and street trees among other things. The objective of this study was to 
develop a loop-mediated isothermal amplification (LAMP) assay for gender distinction of G. biloba. Male-specific SCAR 
gene can be utilized to identify G. biloba gender using LAMP. The optimized LAMP conditions, temperature 60 °C, 2-mM 
MgSO4, and [F3/B3]:[FIP/BIP] primer ratio of 1:4 were selected as final conditions. The G. biloba SCAR LAMP displayed 
a sensitivity of 10 ng when amplified by concentration under the optimum conditions. Additionally, it demonstrated a 
particular response in male with SYBR Green I in LAMP analysis that can be a more powerful tool for field and scale-up 
applications. Our work represents a first attempt to identify G. biloba gender using LAMP and offers an efficient and reliable 
tool for roadside landscaping.
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Abbreviations
BIP	� Backward inner primer
FIP	� Forward inner primer
G. biloba	� Ginkgo biloba
gDNA	� Genomic DNA
LAMP	� Loop-mediated isothermal amplification
LB	� Loop backward primers
LF	� Loop forward primer
NPV	� Negative predictive value
PPV	� Positive predictive value
SCAR​	� Sequence characterized amplified region
UV	� Ultraviolet

Introduction

Ginkgo biloba, a dioecious perennial gymnosperm (65 
million years ago), is an extant representative of the order 
Ginkgoales in the Tertiary Period [1, 2]. It is known as the 
“living fossil.” In terms of practical applicability, male and 
female G. biloba have different values [3–5]. Male trees are 
typically utilized as street and landscaping trees. Female 
plants are not desirable for this purpose since their seeds 
emit a foul odor [6–8]. Although ginkgo leaf extracts might 
provide some health benefits, recent studies have revealed 
that components of ginkgo seed have the potential to cause 
severe allergic reactions and carcinogenic activities [8–12]. 
Amplification of nucleic acid is the most useful method in 
nucleic acid detection. Nucleic acid amplification is being 
applied to detecting and diagnosing bacteria and viruses hav-
ing nucleic acids [13–15]. Gender distinction of G. biloba 
using sequence characterized amplified region (SCAR) 
markers by PCR application has been reported [16]. How-
ever, PCR-based approach has significant limitations such 
as requirement of sophisticated equipment and up to a 2–4 h 
of process [17, 18].

Loop-mediated isothermal amplification (LAMP) method 
is a relatively recent and quick molecular biology method 
that uses four to six distinct primers to bind to eight target 
areas, resulting in excellent sensitivity and specificity [19, 
20]. For in vitro enzymatic DNA synthesis under isother-
mal circumstances, LAMP employs autocycling strand dis-
placement [21, 22]. Bst DNA polymerase from Geobacillus 
stearothermophilus is used in most applications, although 
comparable thermophilic DNA polymerases from other 
bacterial sources are also used [23, 24]. LAMP technology 
is not limited to targets composed of DNA, but by com-
bining a reverse transcription step. LAMP procedure has 
recently been used to identify RNA viruses, such as SARS 

coronavirus and influenza virus [25, 26]. Different targets, 
including bacteria, viroid, and fungi, can be detect using 
LAMP assay technique [25, 27, 28]. LAMP assay can be 
used to identify target genetic material in the field and of 
rapidly amplify it at the same temperature without the need 
for a separate temperature control apparatus [29]. Also, since 
LAMP uses fluorescent reagents, additional steps such as gel 
electrophoresis are not required. Despite its popularity in 
genetic verification, LAMP possesses “inherent drawback,” 
such as non-specific primer annealing. This drawback has 
later paved the way for the use of several innovated nano-
probes, such as DNA-barcode [26] and multiplex real-time 
LAMP [30].

The objective of this study was to develop a LAMP assay 
for gender distinction of G. biloba. G. biloba male-specific 
primers were designed to amplify DNA-based male-deter-
minant, 5′-truncated SCAR fragment. Here, we success-
fully optimized LAMP conditions for distinction of male 
trees (Fig. 1) [16, 31]. Gender determination of G. biloba 
was carried out in this study for the first-time using LAMP 
technology.

Materials and Methods

Plant Materials of G. biloba and Leaf Genomic DNA 
Isolation

G. biloba grew under natural condition in the field at Chun-
gbuk national University. After determining the gender of 
the plant, individual leaf samples were collected and stored 
in a − 80 °C deep-freezer. To identify male and female trees, 
two G. biloba trees planted in Chungbuk National University 
(36° 37′ 42.9 N, 127° 27′ 27.3 E) were used. Information 
of all trees used in the study is presented in Supplementary 
Fig. 1. Genomic DNA (gDNA) of each tree leaf samples 
was extracted with a DNeasy Plant Mini Kit (50) (Qiagen, 
Germany) according to the manufacturer’s protocol [32]. 
Concentration of extracted gDNA was measured using a 
Nanodrop 2000 (Thermo Fisher Scientific, USA).

PCR Amplification Using SCAR‑GBM Primers 
and Alignment of DNA Amplified Region

To amplify gDNA of G. biloba, SCAR-GBM primer was 
used for PCR amplification. PCR were performed in a 
50 μL of reaction volume containing 1 × Ex Taq buffer 
(20-mM Tris–HCl, pH 8.3, 50-mM KCl, 2 mM MgSO4, 
10-mM(NH4)2SO4, 0.1% Triton X-100), 0.2-mM dNTPs, 
0.4 uM of each primer, 1.25 U of Taq DNA polymerase, 
and 10 ng of DNA library. The PCR program was as fol-
lows: an initial pre-denaturation step at 95 °C for 4 min, 
three cycles of denaturation at 95 °C for 30 s, annealing 
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at 55 °C for 30 s, extension 72 °C for 50 s, followed by 35 
cycles, and a final post-extension step at 72 °C for 7 min. 
Results of PCR were analyzed using agarose gel electro-
phoresis. PCR amplification product using SCAR-GBM 
primer was cloned into T-Blunt™ using a PCR cloning 
kit (Solgent, Korea). T-blunt vector, PCR product, and 
T-blunt buffer were incubated at RT for 5 min. The mix-
ture was transformed into E. coli DH5α (Solgent, Korea) 
by heat shock method. After that, the mixture was mixed 
with 900-μL LB broth and incubated in a 37 °C shaking 
incubator for 40 min. The product was spread onto LB agar 
plates containing ampicillin (50 μg/mL), kanamycin (50 

μg/mL), IPTG (0.2 mM), and X-Gal (40 μg/mL) and then 
incubated at 37 °C in an incubator overnight. White colo-
nies were sequenced by Solgent (Daejeon, Korea) using 
M13-20F and M13-20R primers. Sequencing data were 
aligned using Clustal Omega software (https://​www.​ebi.​
ac.​uk/​Tools/​msa/​clust​alo/).

LAMP Primer Design and PCR Amplification of LAMP 
Primer

LAMP primer sets were designed for determination of G. 
biloba gender using PrimerExplorer V5 software (http://​

Fig. 1   Schematic diagram of gender distinction of Ginkgo biloba by LAMP analysis

Table 1   Loop-mediated 
isothermal amplification 
(LAMP) primers for 
distinguishing Ginkgo biloba’s 
gender

Forward inner primer (FIP) consists of the F2 at the 3′ end that is complementary to the F2c, and the same 
nucleotide sequence as the F1c at the 5′ end. Backward inner primer (BIP) consists of the B2 that is com-
plementary to the B2c region and the same nucleotide sequence as the B1c at the 5′

Primer name Sequence (5′➔ 3′) Length (bp)

F3 GGT GTT TGA ACC AAA TGC C 19
B3 GGT GCT GAG AAG GAA CTT​ 18
FIP (F1c + F2) AGG ATC TAG AAT TTG GAG GGT TAC T

– TCA TAA GAG AGA ATA AGA ACA TTC C
50

BIP (B1c + B2) GAT ACC CCT ACC AAC AGA AGA GT
– ACT TTC TTT AAT GGC CCC AA

43

Loop B GAG ATC AAT CAA TTG GTG AAA GAG C 25

https://www.ebi.ac.uk/Tools/msa/clustalo/
https://www.ebi.ac.uk/Tools/msa/clustalo/
http://primerexplorer.jp/lampv5e/index.html
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prime​rexpl​orer.​jp/​lampv​5e/​index.​html). LAMP primer set 
was selected from a gender heterologous sequence region to 
efficiently distinguish G. biloba gender. Detailed sequence 
information of each primer is listed in Table 1. LAMP prim-
ers included two outer primers (F3 and B3), two inner prim-
ers (forward inner primer; FIP and backward inner primer; 
BIP), and one loop primer (loop backward, LB). All primers 
were synthesized by Bioneer (Korea). To confirm the LAMP 
target, outer primers (F3 and B3) were used. Results of PCR 
were analyzed using 2% agarose gel electrophoresis.

Optimization of LAMP Conditions

The basic LAMP reaction mixture contained 2.5-μL 10X iso-
thermal amplification buffer [1X contained 20-mM Tris–HCl, 
10-mM (NH4)2SO4, 150-mM KCl, 2-mM MgSO4, 0.1% Tween® 
20], 1 μL each outer primer (F3, B3; 5 uM), inner primer (FIP, 
BIP; 40 uM), and loop primer (LF, LB; 10 uM), 2-μL 10 mM 
dNTP, 1.5-μL 100-mM MgSO4 (total 8 mM), and up to 23-μL 
distilled water. After addition of 1-μL dsDNA template, the mix-
ture was heated at 95 °C for 5 min and then cooled to room tem-
perature for 5 min. Next, 1 μL (eight units) of Bst polymerase was 
added to the mixture. LAMP reaction was performed at 60–65 °C 
for 60 min. It was then heated to 80 °C for 10 min for termination.

Optimized LAMP reactions proceeded with a total vol-
ume of 25 μL containing the following: 2.5-μL 10 × Iso-
thermal amplification buffer, 1.4-mM dNTPs, extra 6-mM 
MgSO4, 1.6-uM inner primer (FIP and BIP), 0.4-uM outer 
primer (F3 and B3), 0.4-uM loop primer (LB), 0.32 U of 
Bst 2.0 polymerase, and 100 ng of DNA. To identify opti-
mal LAMP conditions, various temperature conditions (60, 
61, 62, 63, 64, 65 °C) were firstly analyzed. Various extra 
MgSO4 concentration conditions (0, 2, 4, 6, and 8 mM) were 
then analyzed. Next, different primer ratios ([F3/B3]:[FIP/
BIP], 1:2, 1:4, and 1:8) were analyzed. After that, different 
amounts (0, 10, 50, 100, 200, and 500 ng) of template were 
analyzed.

Visual Inspection of LAMP Products Using SYBR 
Green I

LAMP results were visualized by naked eyes and determined 
by adding SYBR Green I to reaction tubes. The immediate 
observation of the color change from orange to green can be 
achieved. The final reaction mixture of the LAMP product's 
fluorescent intensity was measured using a SpectraMax M2 
Mode Microplate Reader (Molecular Devices, USA) at a 
wavelength of 497–515 nm. The final reaction mixture with 
a volume of 25 μL was diluted to a volume of 200 μL using 
nuclease-free water. The resulting diluted mixture was uti-
lized to record fluorescence.

Results

Gender Determinant of G. biloba, LAMP Assay, 
and Development of DNA‑Based Male Determinant

An interesting exception was SCAR-GBM, which amplified 
products of similar sizes from male and female G. biloba 
individuals, providing false-positive value (Fig. 2a, Supple-
mentary Fig. 2 and Supplementary Table 2). Note that, by 
developing male-specific determinant, it is therefore suffi-
cient to discriminate male G. biloba. The amplicon formed 
with the SCAR-GBM primer showed a difference according 
to the gender of G. biloba. Thus, sequences of amplicons 
were compared. Comparison of sequences of SCAR-GBM 
PCR amplicons from male and female gDNAs of G. biloba 
consistently detected the 5’ truncated SCAR fragments 
(SCAR fragment 485–676) as a DNA-based male determi-
nant. In order to evaluate the specific determinant of male G. 
biloba, a new primer set was designed (Fig. 2a). Sequence 
details are shown in Table 1. F3/B3 primers amplified trun-
cated SCAR fragments only from male G. biloba, but not 
from female G. biloba, which were contributed to LAMP 
amplification (Supplementary Fig. 3). In the present study, 
LAMP for the truncated SCAR fragment was conducted 
using a set of four basic primers (F3, B3, FIP, BIP) and loop 
backward (LB) primer. As shown in Fig. 2b, typical smear 
pattern of the amplified LAMP products was only observed 
for target-positive samples.

Optimization of LAMP Reaction

To determine optimum LAMP conditions, LAMP reac-
tions were performed by varying the temperature, MgSO4 
concentration, primer ratio, and template amount to deter-
mine optimal amplification conditions. LAMP reaction for 
male G. biloba was amplified at temperatures ranging from 
60 to 65 °C for 1 h. Band patterns revealed a ladder of 
bands on an agarose gel. Bands became clearer at lower 
reaction temperature. The optimal temperature of LAMP 
reaction was set at 60 °C (Fig. 3a–f). LAMP reactions 
were then performed with various MgSO4 concentrations 
ranging from 2 to 10 mM. High efficiency of LAMP was 
observed when 2-mM MgSO4 was used (Fig. 3g). After 
setting the optimal concentration of MgSO4 at 2 mM, dif-
ferent ratios (1:2, 1:4, and 1:8) of primers [F3/B3]:[FIP/
BIP] were then analyzed. The band pattern on the agarose 
gel was the weakest at a primer ratio of 1:2. However, the 
ladder shape was clearly seen when the primer ratio was 
1:4 or 1:8 (Fig. 3h). Thus, optimal temperature, ion con-
centration, and primer ratio were temperature of 60 °C, 
2-mM MgSO4, and primer ratio of 1:4.

http://primerexplorer.jp/lampv5e/index.html
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Sensitivity Test G. biloba LAMP Assay

We attempted to amplify endpoint-diluted DNA extracted 
from G. biloba in order to establish the detection limit 
of the optimized LAMP method. To measure the limit of 

optimized LAMP conditions, we used G. biloba gDNA at 
various concentrations (0–500 ng). LAMP reaction was car-
ried out under optimized conditions. Amplification result 
was analyzed by 1% agarose gel electrophoresis. Electropho-
resis bands showed equal intensities when template amounts 

Fig. 2   Assessment of Ginkgo biloba SCAR-GBM and LAMP detec-
tion of male Ginkgo biloba. a Alignment of male and female SCAR-
GBM sequences. Multiple sequences alignment of G. biloba ampli-
cons using SCAR-GBM primers (see square bracket, []) are shown. A 
comparison of sequences derived from ten representative individual 
clones showed that males matched 100% with the reference sequence. 
However, females showed different results for each of five samples 

analyzed. Positions of male-specific LAMP target and primers are 
indicated by colors: F3 and B3, yellow; F2 and F1c, green; B2 and 
B1c, blue; and loop backward (LB), purple. b Agarose gel electro-
phoresis of LAMP products based on presence or absence of gDNA 
of male G. biloba. Lane M, DNA Ladder (100–10,000 bp); Lanes 1 
and 3, LAMP amplification without template DNA; Lanes 2 and 4, 
LAMP amplification with template DNA
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were 500 ng and 200 ng. Band strength decreased when 
the amount of template was increased. It was found that 
amplification was feasible when at least 10 ng of the tem-
plate was used. When template amount was less than 10 ng, 

smear-shaped bands were observed (Fig. 4a). Using Image 
Lab software (Version 6.1.0), the strength of the band ampli-
fied by the LAMP assay was measured. The band appeared 
when 10 ng or more of the template was used (Fig. 4b). 

Fig. 3   Optimization of LAMP conditions for amplification of male 
gDNA at different temperatures, MgSO4 concentration, and primer 
ratio. Results of 1% agarose gel electrophoresis of G. biloba gDNA 
LAMP detection using different reaction temperatures: a 60 °C, b 
61 °C, c 62 °C, d 63 °C, e 64 °C, and f 65 °C. Lane M, DNA Lad-
der (100–10,000  bp); Lanes 1 and 3, LAMP amplification of male 
gDNA; Lanes 2 and 4, negative control, non-template contained. g. 
Results of 1% agarose gel electrophoresis of G. biloba gDNA LAMP 
detection using different concentrations of MgSO4. Lane M, DNA 

Ladder (100–10,000 bp); Lanes 1, 3, 5, 7, and 9, LAMP amplification 
of male gDNA with different concentrations (2, 4, 6, 8, and 10 mM) 
of MgSO4. Lanes 2, 4, 6, 8, and 10, negative control without contain-
ing gDNA template. h. Results of 1% agarose gel electrophoresis of 
G. biloba gDNA LAMP detection using different primer ratios. Lane 
M, DNA Ladder (100–10,000 bp); Lanes 1, 3, and 5, LAMP amplifi-
cation of male gDNA using different ratios of primers (F3/B3: FIP/
BIP = 1:2, 1:4, and 1:8). Lane 2, 4, and 6, negative control, containing 
no gDNA template
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Thus, the LAMP assay could be used to identify the gender 
of G. biloba using a template at a concentration of 10 ng or 
more.

Specific Amplification and Visual Inspection of LAMP 
Products Using SYBR Green I

The specificity of LAMP assay was examined using gDNAs 
extracted from G. biloba and control roadside trees. G. 
biloba male-specific positive amplification signal was exclu-
sively present in male G. biloba samples. Female G. biloba 
and other species did not exhibit an amplification signal 
(Fig. 5a). Addition of 1 μL of SYBR green I to the reac-
tion tube after LAMP reaction enabled naked eye inspection 
(Fig. 5b) or UV irradiation (Fig. 5c). Besides, only male tree 
tube changed color when the tube was exposed to UV light. 
Its fluorescence was then quantitatively evaluated. Using 15 
male and 15 female G. biloba street trees (Supplementary 
Fig. 4) as samples, the specificity and accuracy of the LAMP 
assay were examined. Fourteen out of fifteen male trees 
produced positive results using the aforementioned optimal 
LAMP conditions. However, one out of fifteen female trees 
produced positive finding as a false negative (Fig. 6). Inves-
tigations revealed that the specificity and sensitivity were 
93.3%. These results were found to be highly consistent with 
Cohen’s kappa value of 0.92 (see Table 2).

Discussion

SCAR markers are gDNA fragments that are identified by 
PCR amplification with pairs of specific oligonucleotide 
primers [33, 34]. SCAR-GBM primers were derived from 
G. biloba SCAR markers [13]. They are expected to be 
straightforward, reliable, and easy to detect male G. biloba. 
However, contrary to our expectation, the PCR using SCAR-
GBM primers produced amplicons in both genders tested. 
It is important to note that SCAR-GBM PCR occurrences 
are not in agreement with previous studies [16], resulting in 
loss of specificity and discriminative ability. For verifying 
the false-positive result of SCAR-GBM, sequence analysis 
was conducted for male and female PCR amplicons. The 
sequence of the amplicon amplified with the SCAR-GBM 
primer was identical to the male, but varied in size in the 
female, indicating that SCAR-GBM produced ambiguous 
polymorphic fragments in female G. biloba (see Supple-
mentary Table 2).

An interesting exception was that SCAR-GBM, which 
amplified products of similar sizes from male and female G. 
biloba individuals, provided a false-positive value. Note that, 
by developing male-specific determinant, it is sufficient to 
discriminate male G. biloba. LAMP relies on an autocycling 
strand displacement of DNA amplification using four to six 
primers [35]. PCR and LAMP amplification proved that the 
5’-truncated SCAR and LAMP primers could be used for 
more reliable and accurate gender-specific discrimination 
between male and female for G. biloba.

We confirmed that adding SYBR green I after the LAMP 
reaction could visually evaluate LAMP-based ginkgo gender 

Fig. 4   LAMP detection results using different concentrations of male 
Ginkgo biloba gDNA. a. Results of 1% agarose gel electrophoresis 
of G. biloba gDNA LAMP detection using different gDNA concen-
trations. Lane M, DNA Ladder (100–10,000 bp); Lane 1, 500 ng/μL; 

Lane 2, 200  ng/μL; Lane 3, 100  ng/μL; Lane 4, 50  ng/μL; Lane 5, 
10 ng/μL; and Lane 6, 0 ng/μL. b. Band volume quantity of agarose 
gel electrophoresis of G. biloba gDNA LAMP detection
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Fig. 5   Visual inspection LAMP products using SYBR Green I. a Gel 
electrophoresis of LAMP for G. biloba. Only males were particu-
larly amplified by agarose electrophoresis. b Naked eye inspection 
of LAMP products using SYBR Green I. SYBR Green I treatment 
only caused male tree samples to turn green, indicating a positive 
LAMP reaction. On the other hand, the orange color indicated a neg-

ative LAMP reaction. c and d Fluorometric values of LAMP assay 
obtained using SYBR Green I dye plotted for different samples. Lane 
M, DNA Ladder (100–10,000 bp); Lanes 1 and 2, LAMP amplifica-
tion of male gDNA; Lane 3 and 4, LAMP amplification of female 
gDNA; Lane C1 and C2, LAMP amplification using gDNAs of con-
trol street trees (Prunus subg. Cerasus)

Fig. 6   Large-scale gender distinguishing test by LAMP assay using 
SYBR Green I. Results of LAMP assay detection of G. biloba street 
trees. LAMP reactions were inspected by adding SYBR Green I dye. 

a LAMP detection of different male samples of G. biloba (1–15). b 
LAMP detection of different female samples of G. biloba (1–15)
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distinction. When SYBR green I was added, development 
of green color indicated a positive response, while orange 
indicated a negative response. To enhance field applicabil-
ity, simple gDNA extraction from plants and a ready-to-use 
LAMP mixture should be incorporated. High sensitivity 
and specificity were observed when samples of 30 G. biloba 
street trees were analyzed. Through this study, it will be pos-
sible to apply LAMP to distinguish the gender of G. biloba.

Concluding Remarks

Our new approach could provide a remedy for gender 
distinction difficulties of G. biloba. As unique sequence 
regions, 5’-truncated SCAR fragments of male G. biloba 
were used to design primers for specific detection. PCR 
successfully amplified single monomorphic SCAR frag-
ments of 191 bp, indicating that 5’-truncated SCAR frag-
ment had the same genetic identity. Moreover, the first 
effort of highly sensitive and specific LAMP assay for G. 
biloba was reported. The LAMP reaction was evaluated 
by agarose gel electrophoresis, UV inspection, and naked 
eye with SYBR Green I visualization. Due to its relatively 
shorten performance time, isothermal amplification con-
dition, and better visible judgment of positive resultant, 
LAMP can be a more powerful tool for field and scale-
up applications, thereby improving both distinction of G. 
biloba gender and prevention of harmful phytochemicals 
from G. biloba seeds.
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