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Abstract

In order to achieve efficient genetic transformation of Lycium barbarum L.and accelerate the process of
genetic improvement of L. barbarum. The stem segments of Lycium barbarum were used as materials,
and the Agrobacterium-mediated method was used to determine the LB concentration, infection time and
co-culture time under the optimal transformation conditions by three-factor and three-level orthogonal
test. The genetic transformation system of callus was established, and the effect of LbMYB18 gene
overexpression on the physiological metabolism of callus was explored by using this system. (1) The
optimal transformation conditions were LB concentration of 2%, infection time of 20 min, and co-culture
time of 3 d. The callus formation rate was 96.67%, and the GFP fluorescence positive rate was 53.33%.
(2) LbMYB18 gene was successfully integrated and stably expressed, and the expression level was about
5.4 times that of the control group. (3) Physiological analysis showed that the activities of SOD, POD, CAT
and the content of MDA in the overexpression lines were significantly higher than those in the control
group. The contents of chlorophyll a, chlorophyll b and carotenoids increased significantly. The genetic
transformation system of Lycium barbarum was established. Overexpression of LbMYB18 gene can
significantly improve the antioxidant capacity of plants and promote the accumulation of photosynthetic
pigments. The results provide a technical basis for gene function research and genetic improvement of
Lycium barbarum.

Introduction

Lycium barbarum L.is an important plant of Lycium in Solanaceae. Its fruit is rich in a variety of bioactive
components, such as Lycium barbarum polysaccharides, carotenoids, flavonoids, etc. It has significant
medicinal and health care value and is widely used in medicine, health care and food industries INie M 'Y
et al.2025; Yu Y et al.2021; Yu J et al.2023;l. However, with the continuous growth of market demand and
the challenges brought by environmental changes, the limitations of traditional Chinese wolfberry in yield,
quality and stress resistance have gradually become prominent. Therefore, it has become an urgent need
for the sustainable development of wolfberry industry to use modern biotechnology, especially genetic
transformation and gene editing technology (Jing F et al.2023), to carry out directional genetic
improvement of wolfberry and cultivate new varieties with high yield, high quality and stress resistance.

As a kind of undifferentiated cell mass formed by dedifferentiation in plant in vitro culture, callus has the
characteristics of active cell division, relatively uniform genetic background and easy acceptance of
exogenous gene integration. It is an important carrier for plant genetic transformation and regeneration
system establishment (Ning jing et al. 2026). At present, the callus-mediated genetic transformation
system has been successfully established in a variety of plants, such as Hosta plantaginealiZhou H et
al.2026k, Liriodendron hybridiMeiping L et al. 2022K, indica black ricellYadav B et al.2026[and so on. In
addition, in the evaluation of genetic transformation system, in addition to the transformation efficiency
and regeneration ability, the researchers also evaluated the physiological status of transgenic callus by
measuring antioxidant enzyme activity and photosynthetic pigment content. Zhang Zhongxing et al
M20210transformed MhMYB114-Like into ' Wanglin ' apple ( Malus domestica ' Orin ) callus. By measuring
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the related physiological indexes, the resistance analysis showed that overexpression of MhMYB114-Like
could significantly improve the resistance of transgenic callus to iron deficiency stress. Yang et all2026K
overexpressed VWDREB4 gene in grape callus and found that it could significantly alleviate the inhibition
of Na,COj; stress on callus growth, enhance the activity of antioxidant enzymes, reduce the accumulation
of malondialdehyde, and enhance the tolerance of cells to saline-alkali stress. The above studies have
shown that the establishment of genetic transformation technology system based on callus combined
with physiological and biochemical index analysis is an effective way to realize plant gene function
research and directional genetic improvement.

In Lycium plants, researchers have carried out preliminary explorations on callus induction IKarakas P F
et al.2020¥, proliferation ( Xian-Jun Z et al.2017 ), differentiation ( Liang Y et al.2025) and somatic
embryogenesis (Kumar SV et al.2022), mainly focusing on basic biological characteristics, regeneration
ability and application potential in genetic transformation. Fang Qingchun (2025) found that the breeding
efficiency and callus regeneration ability of Lycium ruthenicum Murr. could be effectively improved by
accurately controlling the disinfection and culture conditions. Zhang Jiaqi et al. (2021) studied the
effects of exogenous polyamines on the induction of regenerated organs and vitrification of Lycium
ruthenicum callus with different properties. Yang Shuai (2025) studied the effects of different treatment
media on callus induction and adventitious bud differentiation, and screened out the optimal medium for
callus induction and differentiation of Lycium barbarum leaves. These studies provide a scientific basis
for understanding the growth and development mechanism of Lycium barbarum, improving reproductive
efficiency and genetic improvement. However, in Ningxia wolfberry, the establishment of callus genetic
transformation system and the systematic study of physiological characteristics of transgenic callus are
still limited.

In this study, the callus of Lycium barbarum was used as the experimental material to construct a stable
and efficient genetic transformation system. The establishment of this system can provide core technical
support for directional genetic improvement of Lycium barbarum in Ningxia and significantly shorten the
breeding cycle. At the same time, using callus tissue as the research vector can lay an important
foundation for the analysis of functional genes and the molecular mechanism of stress response in
Lycium barbarum.

1 Materials and Methods

1.1 Experimental materials

Ningxia wolfberry stem segment. The Lycium barbarum materials used in the experiment were collected
from the experimental farm of Ningxia University. They were located in Xihe Village, Wanghong Town,
Yongning County, Yinchuan City, Ningxia Hui Autonomous Region (106° 13' 31"E, 38° 13' 11" N ). All of
them were healthy and disease-free branches. After picking and taking back to the laboratory for
disinfection treatment, they were planted in MS medium (adding 6-BA 0.5 mg /L and NAA 0.05mg/ L).

1.2 Main reagents
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Acetyl syringone (AS) solution, cephalosporin (Cef) solution, carbenicillin (Carb) solution, kanamycin
(kan+) solution, rifampicin (Rif) solution, 10% sucrose solution, 75% alcohol, 38% sodium hypochlorite
solution, Nacl, tryptone (TRYPTONE), yeast extract (YEAST EXTRACT), agar powder. The main medium
formulations used in this experiment are as follows (Table 1 and Table 2).

Table 1
Hormone formulations

Reagents
6-BA(1g/L)
NAA(1g/L)
2,4-D(1g/L)
AS(100
mg/mL)

Rif(50 mg/mL)
Kan(50

mg/mL)

Cef(250
mg/mL)

Carb(250
mg/mL)

Preparation method

Weigh 1 g 6-BA powder, dissolve with a little NaOH, dilute to 1000 mL with distilled
water, aliquot and store at 4 °C.

Weigh 1 g NAA powder, dissolve with a little 95% ethanol, dilute to 1000 mL with
distilled water, aliquot and store at 4 °C.

Weigh 1 g 2,4-D powder, dissolve with a little 95% ethanol, dilute to 1000 mL with
distilled water, aliquot and store at 4 °C.

Dissolve the powder in 50 mL DMSO in a clean bench, filter through 0.45 pm
organic filter, aliquot, seal and store at -20 °C.

Dissolve the powder in 20 mL DMSO in a clean bench, filter through 0.45 pm
organic filter, aliquot, seal and store at -20 °C.

Dissolve the powder in 2 L sterile water in a clean bench, filter through 0.22 pm
organic filter, aliquot, seal and store at -20 °C.

Dissolve the powder in 20 mL sterile water in a clean bench, filter through 0.22 pm
organic filter, aliquot, seal and store at -20 °C.

Dissolve the powder in 20 mL sterile water in a clean bench, filter through 0.22 pm
organic filter, aliquot, seal and store at -20 °CK
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Table 2
Medium Formulations

List of medium Medium composition
names

LB solid medium 1 gNaCl+1gTRYPTONE+0.5 g YEAST EXTRACT + 1 g Agar powder + 100 mL
Distilled water + 100 pyL Kan + 100 pL Rif

LB liquid 1gNaCl+1gTRYPTONE + 0.5 g YEAST EXTRACT + 100 mL Distilled water + 100
medium uL Kan + 100 pL Rif

Induction 41.74 g MS + 6-BA(0.5 mg/L, 500 pL) + 2,4-DK0.5 mg/L, 750 pLK

medium

Suspension 200 mL 10% Sucrose + 400 pL AS

medium

Co-cultivation 200 mL 10% Sucrose + 400 pyL AS

medium

Selection Sucrose(25 g/L) + MSl4.43 g/Ll + Agarll7 g/LE + 6-BAN0.5 mg/L, 500 pLi +
medium NAAF0.05 mg/L, 50 pL¥ + Cefk300 mg/L, 1000 pLK + CarbK300 mg/L, 1000 pLK

1.3 Experimental method

1.3.1 Explant disinfection

The stems of fresh Lycium barbarum seedlings growing for 1-2 months were taken, the surface dust was
washed, and the water was washed in a wide-mouth bottle with gauze for 30 min. In the ultra-clean
bench, the stem segments of Lycium barbarum seedlings were soaked in 75% ethanol for 30 s, washed
with sterile water twice, shaken for 30 s each time, and then soaked in 28% 84 solution for 20 min. During
the period of continuous shaking, the stem segments of Lycium barbarum seedlings were fully sterilized,
washed with sterile water five times, and shaken for 30 s each time.

1.3.2 Preparation of Agrobacterium infection solution

On the ultra-clean bench, a small amount of Agrobacterium solution carrying the target gene (LbMYB18
cloned by our group previously) was dipped with a gun tip, and the line was drawn on the LB solid
medium supplemented with 100 yL Kan +and 100 pL Rif, and then placed in a 28°C incubator for 2days.
After the monoclonal colonies appeared, the monoclonal colonies were picked and inoculated in 1 mL LB
liquid medium containing 100 pL Kan and 100 pL Rif, and cultured in a shaker at 28°C and 180r-min™"
until the bacterial solution was turbid. The turbid bacterial liquid was added to 50 mL LB liquid medium
containing 100 pL Kan and 100 pL Rif, and the shaking culture was carried out at 28°C and 180r-min” " for
overnight. After centrifugation, the cells were collected and resuspended with a resuspension (200 mL
10% sucrose + 400 pL AS) to the desired concentration.

1.3.3 Orthogonal experimental design of genetic
transformation of Lycium barbarum stem segments
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The cultured stem segments of Lycium barbarum were treated with wounds, and infected with the
bacterial solution containing the target gene. The infection time was set to 10 min, 20 min and 30 min. At
the end of infection, the stem segments were co-cultured in the co-culture medium for 2 d, 3 d and 4 d,
respectively, and transferred to the screening medium for dark culture for 4 w.

Three treatment levels (Table 3) were set up, and a total of 9 treatments (Table 4) were used for
orthogonal test. Each treatment was repeated three times to screen out the best treatment combination.

Table 3
Ly (3%) orthogonal test factor table
Level A-LB Concentration(%) B- Infection time(min) C- Co-cultivation time(d)
1 1.0 10 2
2 1.5 20 3
3 2.0 30 4
Table 4
Treatment combinations of orthogonal
experiment
TestNo. A B C Specific protocol
T1 1 1 T A1B1C1
T2 2 2 1 A2B2C1
T3 3 3 1 A3B3C1
T4 3 2 2 A3B2C2
T5 2 1 2 A2B1C2
T6 1 3 2 A1B3C2
T7 1 2 3 A1B2C3
T8 2 3 3 A2B3C3
T9 3 1 3 A3B1C3

1.3.4 Genetic transformation of Lycium barbarum stem
segments in Ningxia

The stem segments of L.barbarum after disinfection were selected as genetic transformation materials.
According to the orthogonal experimental design (Table 4), the stem segments of L.barbarum were
added to the re-suspended bacterial solution on the ultra-clean bench, and the shaking infection was
performed at different times (10, 20 and 30 min). The stem segments of Lycium barbarum were taken out,
and the bacterial liquid was fully sucked on the filter paper, and inoculated into the induction medium
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without antibiotics (pad with filter paper, heavy suspension wetting) for co-culture. After sealing, it was
cultured in the tissue culture room at 28°C for 2—-4 days. The stem segments after co-culture were
degermed first, and then transferred to delayed screening medium after water absorption. Ten stem
segments were inoculated in each dish and cultured in dark at 24-26°C for 4 w. The growth of callus and
adventitious buds was observed regularly and the data were recorded.

(1) 200 mL 10% sucrose + 400 pL Cef + 400 pL Carb, shaken for 2 min, repeated 5 times;

(2) 200 mL sterile water + 400 pL Cef + 400 pL Carb, washed 3 times
1.3.5 GFP fluorescence detection

A portable dual-band excitation light source (LUYOR-3415, excitation wavelength 470 nm) was used for
non-destructive in vivo fluorescence detection of Lycium barbarum stem segments transformed by
Agrobacterium tumefaciens in petri dishes. Under blue light excitation (~ 470 nm), green fluorescence at
510-530 nm could be detected in the stem incision and callus of transgenic plants due to the expression
of GFP reporter gene driven by 35S promoter. The unconverted control material has no visible green
fluorescence signal in this band.

1.3.6 RNA extraction and real-time fluorescence
quantitative PCR detection of each treatment callus

About 100 mg of fresh or -80°C frozen plant tissues were ground into powder by liquid nitrogen, quickly
transferred to a centrifuge tube containing 1 mL of lysis buffer, vortexed and mixed well and allowed to
stand at room temperature for 5 min. 0.2 mL chloroform was added and shaken violently for 15 s. After
standing for 3—5 min, it was centrifuged at 4°C and 12 000 rpm for 10 min. The upper colorless aqueous
phase was mixed with 200 pL anhydrous ethanol and transferred into a RNase-free adsorption column
pretreated with 500 pL washing solution. After standing at room temperature for 2 min, it was centrifuged
at 4°C and 12 000 rpm for 2 min to discard the waste liquid. A total of 600 pL of ethanol-containing rinse
solution was added and centrifuged for 2 min to discard the waste solution. After the cover of volatile
ethanol was opened, 50-100 pL of RNase-free ddH,0 was added dropwise to the center of the

adsorption column membrane. The solution was allowed to stand at room temperature for 5 min and
centrifuged at 4°C and 12 000 rpm for 2 min. The eluent was collected as total RNA.

The extracted total RNA was used as a template, and reverse transcription was performed using a
specific reverse transcription system at 42°C for 2 min, 37°C for 15 min, and 85°C followed by 16°C
infinite circulation. After the cDNA was obtained, 180 L sterile water was added to make a working
solution. Specific primers were designed based on the conserved sequence of the LbMYB18 gene of
Lycium barbarum (see Table 5 for sequence details). The ACT gene of Lycium barbarum was used as an
internal reference, and the gPCR was performed using the SYBR Green fluorescent dye method. The
reaction system consisted of 10 yL of TB, 0.8 pL of primer F and R, 1.6 pL of DNA and 6.8 pL of sterile
water. The amplification was carried out at 95°C for 30 s, 95°C for 5's, 60°C for 30 s ( 40 cycles of the
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latter two steps ) and 10°C for 30 min. Each reaction was repeated by three techniques. The specificity of
the product was verified by melting curve analysis after amplification.

Table 5
Primer sequences

Gene Primer sequences(5'-3’)
LbMYB18-2300-F AGAACACGGGGGACGAGCTCATGGGAAGAGCTCCATGTTGTGATA
LbMYB18-2300-R  ACCATGGTGTCGACTCTAGAATAGTACATCATGAATTTTTCTTCTGTCTTGAT

1.3.7 PCR amplification and agarose gel electrophoresis
detection

Genomic DNA was extracted using the Soleibao Plant Genomic DNA Extraction Kit. = 100 mg fresh tissue
was grinded into powder in liquid nitrogen. After the liquid nitrogen was volatilized, it was transferred into
a centrifuge tube containing 400 pL PA, 20 yL RNase A (10 mg mL A1) and 5 pL B-mercaptoethanol,
mixed upside down, and allowed to stand at room temperature for 10 min. 140 yL PB was added, mixed,
centrifuged at 12000 rpm for 10 min, and the supernatant was taken. Add equal volume of PC and equal
volume of absolute ethanol, after mixing, all of them were transferred to the adsorption column,
centrifuged at 12000 rpm for 5 min, and the breakthrough solution was discarded. Centrifuging with 600
uL ethanol-containing rinse solution for 1 min, discarding the waste liquid, repeating once; the column
was centrifuged at 12 000 rpm for 2 min. The lid was opened at room temperature or 50°C for several
minutes, and 50—200 pL of 65°C preheated eluent was added. The cells were allowed to stand at room
temperature for 5 min and centrifuged at 12000 rpm for 2 min to collect DNA.

When the genomic DNA extracted by the above method was used as a template for PCR detection, the
untransformed plant samples were set as negative controls, and the overexpression vector containing
the target gene was used as a positive control. The PCR reaction is carried out according to the process
(see above) and the number of cycles is increased to 40.

Component Volume

Test sample I

Forward primer 0.5 pL
Reverse primer 0.5pL

2xEasy TagMix  5SpL

ddH,0 polishing10 pL

1.3.8 Determination of callus phenotype
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The size of callus and the length of differentiated buds were measured by vernier caliper, and the number
of callus and the number of adventitious buds were counted. The formation rate of callus and
adventitious buds and the conversion rate of callus were calculated. The calculation formula is as follows

Callus formation rate (%) = (number of stem segments formed by callus / total number of stem
segments in each treatment) x 100% (1)

Adventitious bud formation rate (%) = (number of adventitious bud formation stem segments / total
number of stem segments of each treatment) x 100% ( 2)

Callus transformation rate (%) = (green fluorescent stem segments / total number of stem segments
treated) x 100% (3)

1.3.9 Detection of antioxidant enzyme activity

Malondialdehyde ( MDA ) content, superoxide dismutase ( SOD ), peroxidase ( POD ), catalase ( CAT)
activity were measured according to the instructions of Beijing Solarbio Technology Co.,
Ltd.malondialdehyde content detection kit ( BC0020-5 / 4 ), superoxide dismutase activity detection kit (
BC0170-5/ 2), peroxidase activity detection kit (BC0090-5 / 4 ), catalase activity detection kit ( BC4785-
10/ 4).

1. 3.10 Determination of chlorophyll and carotenoids

Chlorophyll content was determined by direct extraction method (Mozammel H et al.2025). After the
samples were cut into pieces and fully mixed, 0.2 g of the sample was weighed and placed in a centrifuge
tube, and a mixture of 45 mL of 1 : 1 pure acetone and pure ethanol was added. The mixture was sealed
and extracted overnight in the dark, and intermittently shaken 3—4 times. After the leaf tissue was
completely decolored and whitened, the absorbance of the supernatant was measured by
spectrophotometer at 646 nm, 663 nm and 470 nm, respectively. The mixed extract treated under the
same conditions was used as the blank control. The following formula is calculated.

Chlorophyll a (Chla) = (12.2663 A663-2.8646 A646 )V / 100 W (1)
Chlorophyll b (Chi b ) = (20.1646 A646-5.0663 A663 ) V / 100 W (2)
Carotenoid ( Car ) = (4.470 A470-0.01 Chl a-0.45 Chl b ) V / 100 W ( 3)
Chl=Chla+Chlb (4)

In the formula, A is the absorbance value, V is the total volume of the extract ( mL ), and W is the fresh
weight of the leaves (g).

1.4 Data analysis
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Microsoft Excel was used for data collation; SPSS 27.0 and Origin 2022 were used to analyze the range
analysis and multiple comparison of callus and adventitious bud formation of Lycium barbarum stem
segments under different treatments.

2 Results and analysis

2.1 Establishment of Agrobacterium-mediated genetic
transformation system of Lycium barbarum stem segments

2.1.1 Growth of callus and adventitious buds

The growth process of Lycium barbarum stem segments was observed every week. After 4 weeks of
culture, the growth of Lycium barbarum stem segments in each treatment was as shown in Fig. 1. Under
different treatments, the stem segments of Lycium barbarum grew callus and adventitious buds. In T4,
the callus formation of stem segments of Lycium barbarum was the most and larger, and the number of
differentiated adventitious buds was the most.

2.1.2 Statistics on callus formation and adventitious bud growth of Lycium barbarum stem segments
under different treatments

After 4 weeks of culture, the test results were statistically analyzed, and the statistical results are shown
in Table 6. The callus formation rate of T4 was the highest, which was 96.67%, and the adventitious bud
induction rate was the highest, which was 93.33%, which was higher than that of CK. The average size of
callus was up to ( CK) 10.56 mm, followed by T4 ( 9.71 mm ), and the smallest (T7 ) 4.41 mm, with a
difference of 6.15 mm.
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Table 6

Statistical analysis on callus formation and adventitious bud growth of wolfberry stem segments with
different treatments

Treatment Callus Callus Average Adventitious  Adventitious Average
formation number(No.) callus bud bud adventitious
rate(%) size(mm) induction number(No.) bud

rate(%) length(mm)

T1 46.67 14 7.85 30.00 9 5.45

2.31h

T2 90.00 27 8.41 63.33 19 6.31

2.32cd

T3 86.67 26 7.73 86.67 + 26 5.48

0.58b7b

T4 96.67 29 9.71 93.33% 28 10.2

1.15a

T5 93.33 28 7.81 50.00 ¢ 15 5.53

0.57e

T6 40.00 12 4.97 36.67 11 4.82

1.73¢g

T7 53.33 16 4.41 30.00 9 4.95

0.16h

T8 36.67 11 6.16 60.00 + 18 5.75

2.31d

T9 73.33 22 7.20 66.67 + 20 9.15

0.58c

CK 90.00 27 10.56 43.33 + 13 5.54

1.15f

Note: T1-T9 are the same as Table 4. Different lowercase letters within the same column indicate

significant difference at P < 0.05.

2.1.3 Range analysis of different treatments on callus and adventitious bud formation of Lycium
barbarum stem segments

( 1) Range analysis of callus formation rate of Lycium barbarum stem segments after 4 weeks of culture.

The results showed that (Table 7), the order of influence of each factor on callus formation rate was A >B
> C, indicating that different LB concentrations had the most significant effect on callus formation rate,
followed by infection time, and co-culture time had the least effect. The optimal level combination was
A3B2C2 (T4), and the highest callus formation rate was 96.67%.
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Table 7
Range analysis for callus formation rate of Lycium barbarum stem segments under different treatments

item A B C

k1 0.47 0.71 0.74

k2 0.73 0.80 0.77

k3 0.86 0.54 0.54

R 0.39 0.26 0.22

Note: k1-k3 represent the average induction rate of corresponding factors at level 1 to 3; R is the
range, which reflects the influence degree of each factor on the induction rate.

(2) Range analysis of adventitious bud formation rate of Lycium barbarum stem segments after 4 weeks
of culture.

It can be seen from Table 8 that the order of the effects of the three factors on the formation rate of
adventitious buds was A > B > C, indicating that different LB concentrations had the most significant
effect on the formation rate of adventitious buds, followed by the infection time, and the co-culture time
had the least effect. The optimal level combination was A3B2C2 ( T4 ), and the highest adventitious bud
formation rate was 93.33%.

Table 8

Range analysis for adventitious bud formation rate of Lycium barbarum stem segments
item A B C
k1 0.32 0.49 0.64
k2 0.58 0.76 0.73
k3 1.00 0.66 0.52
R 0.68 0.27 0.21
Note: k1-k3 represent the average induction rate of corresponding factors at level 1 to 3; R is the
range, which reflects the influence degree of each factor on the induction rate.

(3 ) Range analysis of the average length of adventitious buds after 4 weeks of stem segment culture of
Lycium barbarum L.in each treatment.

According to Table 9, the influence of three factors on the average size of adventitious buds was ranked
as A >B > C, indicating that different LB concentrations had the most significant effect on callus
transformation rate, followed by infection time, and co-culture time had the least effect. The optimal level
combination was A3B2C2 (T4). The maximum length of adventitious buds was 10.20 cm, the minimum
was 4.82 cm, and the difference was 5.38 cm.
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Table 9

Range analysis for average
adventitious bud length of
Lycium barbarum stem
segments

item A B C

K1 5.07 6.71 575
k2 586 7.15 6.85
k3 828 535 6.62
R 3.20 1.80 1.10

Note: k1-k3 represent the average induction rate of corresponding factors at level 1 to 3; R is the range,
which reflects the influence degree of each factor on the induction rate.

2.2 Identification of overexpression callus

2.2.1 GFP fluorescence detection

Through GFP fluorescence observation, the transgenic callus can stimulate obvious green fluorescence,
while the control group has no obvious fluorescence phenomenon (Fig. 2. The statistical results showed
that there was no green fluorescence in the blank control; the fluorescence conversion rate of T4 (LB 2%,
infection 20min, co-culture 3d) was the highest, reaching 53.33% + 0.88%. T1 (LB 1%, infection 10min, co-
culture 2d) was the lowest, only 13.33% + 0.33%; the remaining treatments were between 20.00% and
43.33% (Table 10). The results of variance analysis of callus transformation rate under different
treatments (see Table 10) showed that there was a significant difference in the transformation rate
between different treatments (P < 0.05), and the difference between T4 treatment and other treatments
was the most significant.
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Table 10
GFP transformation rate statistics of different treatments

Treatment Stem segment number(No.) Callus transformation rate(%)
T1 30 13.33% +0.33b

T2 30 33.33% +1.86 ab

T3 30 43.33% +1.76 ab

T4 30 53.33% +0.88 a

T5 30 33.33% +1.67 ab

T6 30 30.00% + 0.58 ab

T7 30 20.00% + 0.58 ab

T8 30 30.00% + 0.58 ab

T9 30 23.33% + 0.88 ab

Note: T1-T9 are the same as Table 4. Different lowercase letters within the same column indicate
significant difference at P < 0.05.

2.2.2 Range analysis of callus conversion rate of Lycium barbarum stem segments after 4 weeks of
culture

It can be seen from Table 11 that the order of the influence of the three factors on the average size of
callus was A > C > B, indicating that different LB concentrations had the greatest influence on the callus
conversion rate, followed by the co-culture time, and the infection time had the least influence. The
optimal level combination was A3B2C2 (T4), and the highest callus transformation rate was 53.33%.

Table 11

Range analysis of the effects of different treatments on callus transformation rate of Lycium barbarum
stem segments

item A B C

k1 21.11% 23.33% 30.00%
k2 32.22% 35.55% 38.89%
k3 40.00% 34.44% 24.44%
R 18.89% 12.22% 14.44%

Note: k1-k3 represent the average induction rate of corresponding factors at level 1 to 3; R is the
range, which reflects the influence degree of each factor on the induction rate.

2.2.3 qRT-PCR validation and agarose gel electrophoresis
detection
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In order to further verify the expression of exogenous genes in callus, the expression level of LbMYB18
gene was detected by real-time fluorescence quantitative PCR. As shown in Fig. 3, the expression of
LbMYB18 gene in the overexpression treatment group was significantly higher than that in the control
group ( P<0.01), and the expression of T4 was the highest, which was about 5.4 times that of the control
group. This indicates that the exogenous gene has been successfully integrated into the genome of
Lycium barbarum and achieved stable expression. As shown in Fig. 4, the transgenic callus was amplified
by PCR using LbMYB18 specific primers. The positive control showed a single bright band at 948 bp, and
the negative control had no band, indicating that the primer specificity was good.

M: DL2000 DNA Marker; CK: Blank control; T1-T9: LbMYB18-transformed callus
2.3 Antioxidant enzyme activity analysis of control and
overexpression callus

In order to explore the effect of LbMYB18 gene on the antioxidant capacity of callus, the SOD, POD, CAT
activity and MDA content of control callus and overexpressed callus were determined by kit. As shown in
Fig. 5, the MDA content and the activities of SOD, POD and CAT in the overexpression treatment group
were significantly higher than those in the control group ( P < 0.05).

a:MDA content; b:POD activity; c:CAT activity; d: SOD activity
2.4 Comparison of chlorophyll and carotenoid contents
between control and overexpression calluses

In order to explore the effect of LbMYB18 gene overexpression on the synthesis and metabolism of
photosynthetic pigments in Lycium barbarum callus, the contents of chlorophyll a ( Chl a ), chlorophyll b (
Chl b)), total chlorophyll ( Chl a + Chl b ) and carotenoid ( Car ) were determined by spectrophotometry.
The results are shown in Fig. 6.0verexpression of LbMYB18 significantly increased the photosynthetic
pigment level of callus, and the contents of chlorophyll and carotenoid in the overexpression treatment
group were significantly higher than those in the control group ( P<0.05).

a:Chl a; b: Chl b;c: Total chlorophyll; d: Carotenoids

3 Discussions

3.1 Effects of different treatments on genetic
transformation efficiency of Lycium barbarum callus

Genetic transformation technology is one of the important research fields of modern plant molecular

biology, which is widely used in gene function research and genetic improvement of various plants(Singh

K A et al.2025). In recent years, with the rapid development of gene editing technology, genetic

transformation technology has been widely used in plants, which not only provides a powerful tool for the

study of plant gene function, but also provides a new way for the cultivation of excellent varieties(Wang
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Zhijie et al.2025). Through genetic transformation technology, researchers have successfully introduced
excellent genes such as insect resistance ( Hou Yet al.2025;Corrigendum.2012;), disease
resistance(Wang F et al.2026;Cui H et al.2021; ), and stress tolerance ( Chen L et al.2026;Qiangbo L et
al.2023; ) into a variety of crops, significantly improving crop yield and quality. In addition, genetic
transformation technology has also been used to study the growth and development mechanism of
plants, which provides important support for basic research of plant biology ( Hu Lu et al.2025).

In this experiment, the effects of three key factors, LB concentration, infection time and co-culture time,
on the genetic transformation efficiency of Lycium barbarum stem segments were systematically
explored through orthogonal experimental design. The results showed that T4 ( LB 2%, infection 20 min,
co-culture 3d ) reached the optimal level in callus formation rate, adventitious bud differentiation rate and
GFP positive rate, indicating that this combination of conditions was conducive to the efficient transfer
and integration of Agrobacterium T-DNA. Range analysis showed that LB concentration was the primary
factor affecting callus formation rate and adventitious bud differentiation rate, which was consistent with
the results of Fu Z (2025) and Li Jingjing (2025) in chrysanthemum. The possible mechanism is that the
low concentration of LB leads to insufficient amount of Agrobacterium on the incision of explants,
resulting in poor transformation effect (Nafisa Muzepal et al.2025). The infection time of 20 min is the
best. If the time is too short, it is not conducive to the adhesion of Agrobacterium and T-DNA transfer. If it
is too long, it may lead to excessive growth of Agrobacterium and damage plant cells (Liu Leyue et
al.2025). The co-culture time of 3 d was better than that of 2 d and 4 d. The insufficient co-culture time
may not be enough to complete T-DNA integration, while excessive co-culture time increases the risk of
Agrobacterium overgrowth (Sato Lynn et al.2025). The efficient genetic transformation system
established in this study provides an important technical platform for gene function research and
molecular breeding of Lycium barbarum.

3.2 Effects of LbMYB18 gene on physiological metabolism
of callus

Through GFP fluorescence observation and real-time fluorescence quantitative PCR verification, it was
confirmed that LbMYB18 gene had been successfully integrated into the genome of Lycium barbarum
callus and achieved stable expression. The gene expression level of T4 was 5.4 times that of the control
group, and the transformation efficiency was 53.33%, which was significantly higher than that of other
treatment groups.

The MYB transcription factor family plays an important role in the regulation of plant secondary
metabolism. Different from the reported AtMYB12 regulating flavonoid synthesis (Guan Fanyuan et
al.2024), VuMYB1 and VuMYB4 co-regulating anthocyanin formation (Chen J et al.2025), LboMYB18
affects both antioxidant defense and photosynthetic pigment metabolism in L.barbarum, indicating that it
has a broader regulatory function. This feature is consistent with the functional diversity of the MYB gene
family, and also provides a new reference for the analysis of the unique carotenoid synthesis regulation
mechanism of Lycium barbarum. In addition, the dual regulation of LbMYB18 on antioxidant capacity and

photosynthetic pigment accumulation in callus suggested that LbMYB18 may play an important role in
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response to environmental stress, delaying senescence and improving fruit quality, which is worthy of
further study at the whole plant level.

The genetic transformation system has a significant effect on the physiology and biochemistry of the
plant (Hoang-Chinh N et al.2018). Index analysis showed that overexpression of LbMYB18 caused
synergistic changes in the activation of antioxidant enzyme system and the accumulation of membrane
lipid peroxidation products. The activities of SOD, POD and CAT in the overexpression lines were
significantly higher than those in the control group, indicating that the gene could activate the enzymatic
antioxidant defense system of the cells. In addition, MDA content was also significantly increased,
suggesting that LbMYB18, as a MYB transcription factor, not only promoted the rapid proliferation and
vigorous metabolism of callus, but also led to the production rate of reactive oxygen species (ROS)
exceeding the scavenging capacity of antioxidant enzymes, forming a physiological state of high
metabolism and high oxidative stress (Wu Rui et al.2022). It also regulates the expression of genes
related to ROS production and clearance, and participates in specific oxidative stress signal regulation
pathways. Moderate oxidative stress may be beneficial to cell differentiation and regeneration (Zhang
Houchen et al.2025). In summary, LbMYB18 may respond to oxidative stress caused by rapid cell division
by directly regulating the expression of antioxidant enzyme-encoding genes. The accumulation of MDA
may reflect the normal metabolic renewal of cell membrane during rapid proliferation, rather than severe
oxidative damage.

In terms of photosynthetic pigment metabolism, LbMYB18 overexpression significantly promoted the
synthesis and accumulation of chlorophyll a, chlorophyll b and carotenoids. This result indicates that the
transcription factor may positively regulate the expression of genes related to photosynthetic pigment
biosynthesis, or participate in the regulation of cell differentiation and plastid development (Wang
Meimei 2020). The increase of photosynthetic pigment content in callus reflects the enhancement of cell
metabolic activity or the physiological transformation to photoautotrophic direction, which is of positive
significance for subsequent callus differentiation and plant regeneration. These results indicate that
LbMYB18 has complex multiple functions in the formation of quality traits and the regulation of cell
physiological state in Lycium barbarum.

4 Conclusion

In this study, the stem segments of L.barbarum were used as materials, and the genetic transformation
system was established by Agrobacterium-mediated method. The effects of LbMYB18 gene on
antioxidant enzyme activity and photosynthetic pigment indexes of L.barbarum callus were investigated
by this system. The main results are as follows:

(1) Through orthogonal test, the optimal combination of transformation conditions was determined as LB
concentration of 2%, infection time of 20 min, and co-culture time of 3 d. The callus formation rate was
96.67%, and the GFP fluorescence positive rate was 53.33%.

(2) The antioxidant enzyme activity of LbMYB18 overexpression lines was significantly higher than that of
the control, and the MDA content also increased, indicating that the gene can enhance the antioxidant
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capacity of callus, but the active cell metabolism may also bring some oxidative damage.

(3) Compared with the control, the overexpression lines showed obvious advantages in the accumulation
of photosynthetic pigments, and the contents of chlorophyll a, chlorophyll b and carotenoids were
significantly increased. This result indicates that LbMYB18 has a certain promoting effect on the
synthesis of photosynthetic pigments in Lycium barbarum.

The genetic transformation system established in this study can be used for subsequent gene function
research of Lycium barbarum, and the regulatory function of LbMYB18 gene also provides a reference for
the improvement of Lycium barbarum quality.

Declarations

CRediT authorship contribution statement

Wenjun Yang: Conceptualization, Methodology, Visualization, Writing. Xiuyun Lei: Softwar and
Methodology. Yingjie Liu: Investigation and Visualization. Gaier Yang: Data curation. Formal analysis,
Supervision. Linyuan Duan: Resources. Zhijun Song and Xiang Li: Funding acquisition, Project
administration, Conceptualization. All authors read and approved the manuscript for publication.

Declaration of Competing Interest

The authors declare that they have no known competing financial interests or personal relationships that
could have appeared to influence the work reported in this paper.

Funding

This work was supported by the Ningxia key R & D plan project (Talent-introduction project)
(2024BEH04068), Ningxia Natural Science Foundation project (2023AAC05025);

Data availability

Data will be made available on request.
Compliance with Ethical Standards
Disclosure of potential conflicts of interest

The authors declare that they have no financial or non-financial conflicts of interest in relation to this
work.

Research involving Human Participants and/or Animals

This study does not involve human participants, animal subjects, or any data that could identify
individuals. Therefore, no ethical approval for human or animal research was required.

Page 18/26



Informed consent
Not applicable, as the research did not involve human participants.
Additional statement

All plant materials used in this study were obtained from legal sources. The experiments were conducted
in compliance with local biosafety and plant protection regulations. No protected or endangered species
were involved.

References

1. Chen J, Liu J, Wei Y et al VUMYB1 and VuMYB4 form an activation-inhibition system that
synergistically regulates anthocyanin biosynthesis in bog bilberry (Vaccinium uliginosum) fruit.[J].
Plant physiology and biochemistry: PPB,2025,230110967. 10.1016/J.PLAPHY.2025.110967.
https://doi.org/10.1016/J.PLAPHY.2025.110967

2. Chen L, Tang M, Yao W et al (2026) Genetic transformation and genome editing in wild soybean
(Glycine soja) [J]. Crop J 14(2):684-689. https://doi.org/10.1016/J.CJ.2025.12.003

3. CuiH, Qu S, Lamboro A et al (2022) Phyton (Buenos Aires) 91(7):1445-1464.
https://doi.org/10.32604/PHYTON.2022.020010. Bioinformatics Analysis of Disease Resistance
Gene PR1 and Its Genetic Transformation in Soybeans and Cultivation of Multi-resistant Materials [J]

4. Corrigendum (2012) Genetic transformation of an elite Indian genotype of cotton (Gossypium
hirsutum L.) for insect resistance [J]. Curr Sci 102(2):339-339

5. Fang QC (2025) Research on hormone screening technology of Lycium ruthenicum Murr.tissue
culture [. J] Agric Technol 45(04):76-79. https://doi.org/10.19754/j.nyyjs.20250228016

6. Fu Z, Yuan X, Li Y et al (2025) Establishment of a complete in vitro micropropagation and plant
regeneration system for Paeonia suffruticosa ‘Hongxialanman’ by inducing dormancy-like bud
formation [J]. Industrial Crops Prod 236:121995-121995.
https://doi.org/10.1016/J.INDCROP.2025.121995

7. Guan Fanyuan Z, Yuyan M, Xinyu et al (2024) Research progress of R2R3 MYB transcription factors
regulating plant stress response [J]. Plant Med 3(03):1-9.
https://doi.org/10.13718/j.cnki.zwyx.2024.03.001

8. Hoang-Chinh N, Kuan-Hung L, Shin-Lon H et al (2018) Enhancing the abiotic stress tolerance of
plants: from chemical treatment to biotechnological approaches. [J] Physiologia Plant 164(4):452~
466. https://doi.org/10.1111/ppl.12812

9. Hou Y, Zhou X, Wu Z et al (2025) Enhanced accumulation of indole glucosinolate and resistance to
insect and pathogen in flowering Chinese cabbage by overexpression of Arabidopsis CYP79B2 and
CYP83B1. [J]. Pest Manag Sci 81(9):5173-5188. https://doi.org/10.1002/PS.8871

10. Lu H, Kai W, Jingyi X et al (2025) Advances in genetic transformation of maize and sorghum [J].
Biotechnol Bull 41(09):32-43. https://doi.org/10.13560/j.cnki.biotech.bull.1985.2025-0397

Page 19/26



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

Jing F, Naonao W, Yang L et al (2023) Recent Progress in Genetic Transformation and Gene Editing
Technology in Cucurbit Crops [J]. Agronomy 13(3):755-755.
https://doi.org/10.3390/AGRONOMY13030755

Karakas PF (2020) Efficient plant regeneration and callus induction from nodal and hypocotyl
explants of goji berry (Lycium barbarum L.) and comparison of phenolic profiles in calli formed under
different combinations of plant growth regulators [J]. Plant Physiol Biochem 146:384-391.
https://doi.org/10.1016/j.plaphy.2019.11.009

Kumar SV, Saikat G, Epsita M et al (2022) Enhanced somatic embryogenesis, plant regeneration and
total phenolic content estimation in Lycium barbarum L.: a highly nutritive and medicinal plant [J]. J
Crop Sci Biotechnol 25(5):547-555. https://doi.org/10.1007/S12892-022-00150-8

Li J, Yanfei L, Angi W (2025) etc. Establishment of landscape regeneration and genetic
transformation system of chrysanthemum cultivars [J]. Acta Botanica, 60 (04): 597-610.
https://doi.org/10.21273/hortsci.31.4.572d

Liang Y, Li S, Li Y et al (2025) The near-complete genome of Lycium ruthenicum shed light on the
genetic mechanism of the fruit color differentiation [J]. Hortic Plant J 11(6):2297-2300

Le LL, Jiayin W (2025) He Huan, etc. Tissue culture of sainfoin and acquisition of OvLAR16
overexpression plants [J]. Plant Physiol 61(12):1756-1768.
https://doi.org/10.1016/J.HPJ.2025.06.003

Meiping L, Dan W, Xiaofei L et al (2022) Agrobacterium-Mediated Genetic Transformation of
Embryogenic Callus in a Liriodendron Hybrid (L. Chinense x L. Tulipifera) [J]. Front Plant Sci
13:802128-802128. https://doi.org/10.3389/FPLS.2022.802128

Mozammel H, Kazuyuki I, Shu M et al (2001) Biological dinitrogen fixation and soil microbial biomass
carbon as influenced by free-air carbon dioxide enrichment (FACE) at three levels of nitrogen
fertilization in a paddy field [J]. Biol Fertil Soils 34(6):453—-459. https://doi.org/10.1007/s00374-001-
0430-8

Nafisa Muzepal S, Lang W, Ping et al (2025) Preliminary study on genetic transformation system of
Haloxylon ammodendron seeds mediated by Agrobacterium tumefaciens [. J] Chin J Grassland
47(07):13-20. https://doi.org/10.16742/j.zgcdxb.20240460

Nie MY, Zhou QW, Niu T et al (2025) Peptidoglycan isolated from the fruit of Lycium barbarum
alleviates liver fibrosis in mice by regulating the TGF-8/Smad7 signaling and gut microbiota. [J] Acta
Pharmacol Sinica 46(5):1-16. https://doi.org/10.1038/S41401-024-01454-X

. Qiangbo L, Sheng XZ, Hua YS (2023) Application of Wox2a in transformation of recalcitrant maize

genotypes [J]. aBIOTECH 4(4):386-388. https://doi.org/10.1007/S42994-023-00116-6

Ning J, Zhou MM, Zhang SM et al Effects of 3,4-D, AQNO3 and Sugar on Embryogenic Efficiency of
Transgenic Callus of Hevea brasiliensis [J]. Tropical Biology, 1-9 [ 2026-03-20 |].
https://doi.org/10.15886/j.cnki.rdswxb.20260003

Singh KA, Yadav PL, Krishna H et al (2025) Bael (Aegle marmelos Correa): a resilient fruit tree for
sustainable horticulture in semi-arid ecosystem [J]. Vegetos 1-12. https://doi.org/10.1007/S42535-

Page 20/26



24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

025-01588-1

Wang F, Ju F, Zhang X et al (2026) Establishment of a Genetic Transformation System for Fusarium
circinatum Causing Pine Pitch Canker Using the Polyethylene Glycol (PEG)-Mediated Method [J].
Forests 17(3):327-327. https://doi.org/10.3390/F17030327

Wang MM (2020) Effects of different genotypes of MYB10 on apple peel color [D]. Tibet University

Wang ZJ, Zhang WJ (2025) Cloning and expression analysis of MsNF-YBS5 gene in alfalfa [. J]
Grassland J 33(03):686-695

Wu R, Lin D, Luo D et al (2022) Identification and spatio-temporal expression analysis of R2R3-MYB
transcription factors in saffron [J], vol 30. JOURNAL OF AGRICULTURAL BIOTECHNOLOGY, pp 457~
472.03

Xian-Jun Z, Hong-Yuan Y, Yong-Jian C et al (2017) Lycium barbarum polysaccharides inhibit
proliferation and migration of bladder cancer cell lines BIU87 by suppressing Pi3K/AKT pathway. [J].
Oncotarget 8(4):5936—5942. https://doi.org/10.18632/oncotarget.13963

Yadav B, Arya A, Yadav P et al (2026) Efficient Agrobacterium-mediated genetic transformation for
Indica black rice cvs. Chakhao Amubi and Chakhao Poireton [J]. Plant Physiol Rep 1-9.
https://doi.org/10.1007/S40502-026-00942-Y

Yang Shuai Z, Zhenzhen D, Guozhen et al (2025) Screening of regeneration medium for explants of
Qingqi No.1 [ J ].Qinghai Agriculture and Forestry Science and Technology, (01): 107-112.
https://doi.org/10.26925/j.issn.1004-9967.2025.01.016

Yang WM, Yang JL, Hua R et al Study on the function of DREB4 in response to alkaline salt stress in
grape [J/0OL]. Acta Pomologya Sinica, 1-20 [2026-04-03].
https://doi.org/10.13925/j.cnki.gsxb.20250634

Yu J, YanY, Zhang L et al (2023) Food Sci Nutr 11(12):7445-7457.
https://doi.org/10.1002/FSN3.3677. A comprehensive review of goji berry processing and utilization
[J]

Yu, Yifan C, Yi W et al (2021) A homogeneous polysaccharide from Lycium barbarum: Structural
characterizations, anti-obesity effects and impacts on gut microbiota [J]. Int J Biol Macromol
183:2074-2087. https://doi.org/10.1016/J.IJBIOMAC.2021.05.209

Zhang HC, Liu QQ, Liao LX et al (2025) Research progress of MYB transcription factors regulating
plant flavonol biosynthesis [J]. J Zhejiang Agric Forestry Univ 42(05):911-921

Zhang JQ, Liu Y, Wang HN et al (2021) Effects of exogenous spermine on organ regeneration and
vitrification of different calluses of Lycium ruthenicum [J]. North Hortic, (11): 119-125

Zhang ZX, Cheng L, Wang SC et al (2021) Cloning of MhMYB114-Like and identification of its iron
deficiency resistance function in apple callus [J]. Acta Horticulturala Sinica 48(01):127-136.
https://doi.org/10.16420/j.issn.0513-353x.2020-0208

Zhou H, Qin Y, Liu S et al (2026) Development of an Efficient Regeneration and Agrobacterium-
Mediated Transformation Protocol for Hosta ‘Light Star’ Using the RUBY Reporter Gene [J]. Mol
Biotechnol 1-16. https://doi.org/10.1007/S12033-026-01575-0

Page 21/26



Figure 1

Growth of Lycium barbarum stem segments under different treatments after 4-week culture

Figure 2

Observation of GFP fluorescence in Lycium barbarum callus under different treatments
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Figure 4

Electrophoresis profile of PCR verification for transgenic Lycium barbarum callus

M: DL2000 DNA Marker; CK: Blank control; T1-T9: LbMYB18-transformed callus
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Figure 5

Comparison of antioxidant enzyme activities in control and overexpressed callus

a:MDA content; b:POD activity; c:CAT activity; d: SOD activity
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Figure 6

Comparison of chlorophyll and carotenoid contents in control and overexpressed callus

a:Chl a; b: Chl b;c: Total chlorophyll; d: Carotenoids
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