
 

ISSN 2085-2916 | e-ISSN 2337-3652 
August 2024, 52(2), 275-283  

DOI: https://dx.doi.org/10.24831/jai.v52i2.53465 
  

 
August 2024 275 

Jurnal Agronomi Indonesia 
(Indonesian Journal of Agronomy) 
 

Res earch  Art i cle  

Transformation of Ponkan Mandarin (Citrus 
reticulata Blanco) by CRISPR/Cas-9-gRNA-CsCS to 
increase plant resistance to huanglongbing disease  

Dian Puji Rahayu 1, Agus Purwito 2, Mia Kosmiatin 3,*, and Ali Husni 3 

1 Plant Breeding and Biotechnology Study Program, Graduate School of IPB University 
(Bogor Agriculture University), Jl. Meranti, Kampus IPB Dramaga, Bogor 16680, 
INDONESIA 

2 Department of Agronomy and Horticulture, Faculty of Agriculture, IPB University 
(Bogor Agricultural University), Jl. Meranti, Kampus IPB Dramaga, Bogor 16680, 
INDONESIA 

3 National Research and Innovation Agency, Jl. Raya Jakarta-Bogor KM 46, Cibinong, 
West Java 16911, INDONESIA 

* Corresponding author ( miak003@brin.go.id) 

ABSTRACT 
The gene that regulates callose could be modified by CRISPR/Cas9 technology. This research 
aimed to insert the CRISPR/Cas9-CsCS gene into Ponkan orange genome using 
Agrobacterium tumefaciens. The explants were soaked in a bacterial suspension for 20 
minutes and incubated for 2-3 days. In vitro acceleration growth was conducted with a two-
factor completely randomized design. The first factor is the type of explant with three levels 
(nucellar embryo, zygotic embryo, cotyledon node), and the second factor is the type of media 
with 6 levels (VMW, MT, MSK0, MSK1, MSK2, MSK3). The results showed of all explant types, 
the highest plant height average and number of leaves were obtained in a media 
combination of MS + Kinetin 2 mg L-1, MT, and MS + Kinetin 3 mg L-1. The highest 
transformation efficiency was in the nucellar embryo explant, while the highest regeneration 
efficiency was in the zygotic embryo explant. The highest shoot tip grafting percentage was 
achieved in the cotyledon node explant at 100%. In the grafting phase, the putative 
transformants before and after artificial bacterial inoculation showed that Ponkan 606 and 
Ponkan 597 had the highest plant heights, respectively. The intensity of Huanglongbing 
attacks after bacterial inoculation showed that three genotypes did not show HLB symptoms 
in the 24th week of observation, namely genotypes 598, 606, and 607. This study concluded 
that gene transformation in citrus plants produced three genotypes that did not show HLB 
symptoms. 

Keywords: transgenic; Agrobacterium tumefaciens; Citrus Vein Phloem Degeneration 
(CVPD) 

INTRODUCTION 
Orange is one of the national commodities that has high potential and 

competitiveness. This is due to the increase in per capita income and awareness of the 
need for citrus as a source of nutrition. The Indonesian Ministry of Agriculture is currently 
prioritizing the development of Mandarin orange because of the high imports of Mandarin 
orange. Ponkan Mandarin (Citrus reticulata Blanco) is one of the orange varieties that can 
be developed and promising because it is one type of Mandarin orange that consumers 
favor. Ponkan Mandarin has superiority. It has a sweet taste, it is helpful as a source of 
vitamin C, expectorant, and antitussive because it contains flavonoids such as hesperidin 
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and narirutin (Sudo et al., 2021). Ponkan Mandarin has strong growth, these oranges are 
generally harvested from May to July. Based on data from the BPS (2021), orange 
production from 2012 to 2021 shows a decrease in production to 192.320 tons, while 
Mandarin consumption in Indonesia continues to increase. There are several obstacles in 
increasing the production of Ponkan Mandarin, one of which is the Huanglongbing (HLB) 
disease. This disease causes a decrease in productivity, quality, and even plant death. 
Losses can reach up to IDR 120 billion/year and threaten the economy of 65,000 farmers 
who depend on citrus cultivation (Nurhadi, 2015). Losses due to HLB disease in Florida, 
United States, are estimated to reach around US$1 billion annually (Li et al., 2020). Bahia 
experienced even more significant losses of R$1.8 billion (de Oliveira et al., 2013). 
Huanglongbing in Indonesia was first discovered in 1964. This disease in Indonesia is 
called Citrus Vein Phloem Degeneration (CVPD). Candidatus Liberibacter asiaticus (CLas) 
is transmitted by an insect vector, i.e., Asian citrus psyllid (ACP, Diaphorina citri 
Kuwayama) (Narouei-Khandan et al., 2016). Plants respond to pathogens by inducing 
several mechanisms, such as signaling pathway activity and physiological changes, such 
as cell wall thickening with callose accumulation. Callose is a crucial defense mechanism 
against pathogens as it is a common mechanism of cell wall strengthening. Citrus plants 
with Huanglongbing symptoms infected with CLas will result in heavy callose deposition 
in the vascular tissue (Granato et al., 2019). This can disrupt the development of citrus 
plants because the process of translocating nutrients to other parts is inhibited 
(Kosmiatin, 2017). Symptoms of Huanglongbing disease based on the results of research 
by Ma et al. (2022), namely yellowing shoots with partially yellow/green speckled leaves 
but some mixed shades of yellow, leaves become short, hardened, and erect, leaf veins 
become corky, stunted growth, off-season flowering, pale fruit color, thinning of the 
canopy. 

Various methods have been used to control HLB disease. However, these efforts have 
yet to yield satisfactory results (Ghosh et al., 2023). Citrus plants with resistance genes to 
Huanglongbing disease have not yet been reported. An alternative to getting citrus plants 
resistant to Huanglongbing disease is to use a biotechnology approach through genetic 
engineering techniques by editing the genome. The genome editing process does not 
result in the introgression of foreign genes in the genome of citrus plants but only silences 
the expression of specific genes (Kosmiatin, 2017). The CRISPR/Cas9 system is a modern 
genome editing technology currently being developed, especially in plant breeding. 
Genome editing in citrus in Indonesia with the CRISPR/Cas9 system has been carried out 
by Aisyah (2021), which resulted in 55.5% of 20/36 Japansche Citroen (JC) transformant 
plants that did not show any symptoms of HLB at 10 months after artificial inoculation of 
the pathogen. The working principle of CRISPR/Cas9 for gene editing is sgRNA consisting 
of tracrRNA that interacts with Cas9 protein, then a complex bond is formed between 
sgRNA and Cas9 protein containing DNA endonuclease activity. The complicated bond will 
cause the target dsDNA to be cut off. The served site will be repaired by the Non-
Homologous End Joining (NHEJ) DNA repair pathway (Horodecka & Düchler, 2021). In this 
study, CRISPR/Cas9 technology was used to modify the callose synthase gene so that there 
was no callose accumulation resulting from the activity of Candidatus Liberibacter 
asiaticus, bacterium that causes HLB disease. Therefore, this research aimed to transform 
the CRISPR/Cas9-CsCS gene into the genome of Ponkan Mandarin plants to increase their 
resistance to HLB disease with the vector Agrobacterium tumefaciens. 

MATERIALS AND METHODS 
The research was conducted in the Laboratory of Tissue Culture, Molecular Biology, 

Microbiology and Greenhouse at ICABIOGRAD, Bogor, West of Java Indonesia from June 
2021 to March 2023. 

Plant material and citrus isolation 
Ponkan Mandarin fruits were obtained from the Citrus and Subtropical Fruit Plant 

Research Center (BALITJESTRO), Kota Batu, East Java. The isolation of nucellar, zygotic 
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embryos, and nodes cotyledon of citrus was done after the seeds were isolated from fruits 
aged 11-13 weeks after anthesis with a 2-3 cm fruit diameter. The seed isolation technique 
used sterilization by burning the fruit in a laminar air flow (LAF), which was done by 
Kosmiatin (2017). Seed isolation is done by dipping citrus fruits into 96% alcohol and 
passing it over a bunsen flame five times. Seeds successfully isolated from the fruit were 
then taken from embryos, separated between zygotic embryos and nucellar embryos, and 
cultured on VMW media (MS base media modified with the vitamin media formula Morel 
and Wetmore). The cotyledon node explants were obtained from seed germinated until 
true leaves appeared, and then the shoot buds were cut and separated from the cotyledon 
nodes. 

Preparation of Agrobacterium tumefaciens vectors for transformation 
The Agrobacterium tumefaciens vector inserted with the CRISPR/Cas9-gRNA-CsCS 

gene was prepared by growing bacterial isolates stored as stock on glycerol media. Then, 
the bacteria were grown on Ludia Bertani (LB) media. Then, Optical Density (OD) 
measurements were taken with OD600=0.2 and OD600=0.02 values (Aisyah, 2021; Wu et 
al., 2014). The suspension was used to transform nucellar embryos, zygotic embryos, and 
cotyledon nodes. 

Transformation 
The transformation was carried out using the method done by Kosmiatin (2017). 

Nucellar embryos, zygotic embryos, and cotyledon nodes that have been transformed are 
then co-cultivated for 2-3 days in the dark at room temperature until a halo forms around 
the explants. Nucellar embryos, zygotic embryos, and cotyledon nodes that have been co-
cultivated washed with cefotaxime solution at a concentration of 400 mg L-1 and then 
transferred to Vitamin Morel and Wetmore (VMW) growing media supplemented with 
cefotaxime antibiotics at a concentration of 400 mg L-1. 

Selection of transformant sprouts 
Embryos that have been cultured on VMW media with the addition of cefotaxime are 

then selected on VMW media containing 100 mg L-1hygromycin, and the treatment is 
carried out for 30 days. The selection of putative transformants was carried out on 
hygromycin media.  

Growth acceleration of transformant sprouts 
Growth acceleration of transformant sprouts was carried out after hygromycin 

selection. In vitro acceleration growth was conducted with a 2-factor completely 
randomized design. The first factor is the type of explant with 3 levels (nucellar embryo, 
zygotic embryo, cotyledon node), the second factor is the type of media with 6 levels 
(VMW, MT, MSK0, MSK1, MSK2, MSK3). VMW (MS base medium modified with Morel and 
Wetmore media vitamin formula), MT (MS base medium with 10x the vitamin 
concentration of MS, K (Kinetin). 

Shoot tip grafting  
Shoot tip grafting is carried out by shoots that have selected hygromycin on growth 

acceleration media. The grafted shoots were those with at least 3 leaves and were grafted 
onto 5-month-old JC rootstocks.  

Evaluation of resistance of transgenic putative artificial inoculation in vivo 
Evaluation of transgenic resistance was carried out in vivo and began with soaking 

the shoots from 12 weeks after grafting into host-free culture suspension of CLas bacteria 
that cause huanglongbing disease for 12-16 hours and then grafted by top-working 
grafting. Observations were made on HLB symptoms on leaves after inoculating and 
grafting.  
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Data analysis 
The data obtained were analyzed using the F test on T0 transgenic citrus plants, and 

further tests were done using the Duncan Multiple Range Test (DMRT) at the 5% level. 
The value of transformation efficiency and regeneration efficiency was calculated using 
the formula by Putradhika (2019). HLB disease attack intensity was calculated using the 
formula by Sarwono (1995). 

RESULTS AND DISCUSSION 

Transformation optimization with several types of citrus explants 
Transformation of Ponkan Mandarin plants using the vector A. tumefaciens strain 

EHA 105 with a combination treatment between the type of explant and Optical Density 
(OD) value. The transformation was carried out by immersing the explants in bacterial 
suspension for 20 minutes. Optical density is the density of bacteria. The higher the OD 
value, the higher the number of A. tumefaciens contained in the medium (Dewanto & 
Suhandono, 2016). Optimization in this study was conducted to test the effect of optimal 
density on the transformation process. According to Guo et al. (2019) concentration of A. 
tumefaciens, duration of infection and co-cultivation are important factors influencing 
transformation efficiency. Optimization was carried out using different Optical Density 
values of 0.2 and 0.02. Table 1 shows the results obtained from combining treatments 
between the types of explants with bacterial density. An OD concentration of 0,02 had 
higher results, and a suspension with an OD of 0,2 had lower values for all explants and 
observation parameters. High bacterial cell density can cause uncontrolled A.  
tumefaciens growth, inhibiting explant survival and further reducing transformation 
efficiency (Asande et al., 2020). Apart from that, the low results obtained were also caused 
by the size of the explants being too small, so the explants experienced necrosis, which is 
one of the factors in reducing the level of transformation efficiency (Hartati et al., 2018). 

Table 1. CRISPR/Cas9-gRNA-CsCS gene transformation with A. tumefaciens vector. 

Type of 
explant 

Optical 
density  

Number of 
explants 

%Live explants 
post-transformation 

%Live explants 
after hygromycin 

selection 

%Germinated 
explants after 

transformation 
Nucellar 
Embryos 

0.20 357  63.03  50.42 5.60 
0.02 378  72.75  63.23 7.14 

Zygotic 
Embryos 

0.20 201  85.07  73.13 3.98 
0.02 226  87.61  79.20 6.19 

Cotyledon 
Node 

0.20 232 100.00  98.28 0.89 
0.02 200 100.00 100.00 2.00 

Accelerated growth of Ponkan Mandarin plant explants after in vitro transformation 
The success of tissue culture is determined by the composition of the media and the 

addition of plant regulators. According to Handayani et al. (2020) the addition of ZPT in 
the media is one of the factors that greatly influences the success of network culture. 
Adding plant growth regulators such as cytokinin in specific amounts and comparisons 
affects the growth of explants in tissue culture. The use of cytokinin is necessary to 
stimulate plant shoot multiplication (Lestari, 2011). Analysis of variance showed that the 
treatment of explant type and media type did not significantly affect the parameters 
observed, and there was no interaction between explant type and media type.  

The growth of explants after transformation was carried out on VMW media, and MS 
media combined with kinetin at a concentration of 0,1,2,3, mg L-1. Table 2 shows that the 
treatment of media composition with the type of explants did not significantly affect the 
parameters of plant height and leaf number. The highest average value of plant height in 
nucellar embryo explants is 0.760 cm, and the highest average leaf number is 0.850 on MS 
base media combined with kinetin at a concentration of 3 mg L-1. This is similar to the 
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study of Mahadi (2016), who finds that adding kinetin at a concentration of 3 mg L-1 can 
influence the height of Kasturi orange shoots. Kinetin with a concentration of 3 mg L-1 in 
the type of nucellar embryo explants can accelerate the growth and development of 
transformant citrus plants. The highest average value of plant height in the type zygotic 
embryo explants is 0.793 cm, and the highest average leaf number is 0.953, found in MT 
media. The average plant height and the leaf number on cotyledon node explants were 
found in the composition of MS base media combined with kinetin at a concentration of 2 
mg L-1, 0.866 cm, and 1.100, respectively.  

Table 2. Average plant height and leaf number of putative Ponkan Mandarin 
transformants in vitro at 12 WAP with different explant types and media 
composition. 

Type of explant Planting media  
composition 

Plant height 
(cm) Leaf number  

Nucellar embryos 

VMW 0.7b  0.8b 
MT 0.70b  0.8ab 
MS+K0 0.7b  0.7b 
MS+K1 0.7b  0.7b 
MS+K2 0.8ab  0.9ab 
MS+K3 0.80ab  0.9ab 

Zygotic embryos 

VMW 0.8ab  1.0ab 
MT 0.8ab  1.0ab 
MS+K0 0.7b  0.8ab 
MS+K1 0.7b  0.8ab 
MS+K2 0.70b  0.8ab 
MS+K3 0.8ab  1.0ab 

Cotyledon node 

VMW 0.8ab  0.9ab 
MT 0.8ab  0.9ab 
MS+K0 0.7b  0.7b 
MS+K1 0.8ab  0.8ab 
MS+K2 0.9a  1.1a 
MS+K3 0.7b  0.8b 

Note: Numbers in the same column followed by the same letter are not significantly different at the 
5% level of Duncan’s test, VMW (MS base medium modified with Morel and Wetmore media vitamin 
formula), MT (MS base medium with 10x the vitamin concentration of MS, K (Kinetin). 

Transformation efficiency, regeneration, and shoot tip grafting success 
Transformation efficiency is determined by several factors, namely A. tumefaciens 

concentration, infection, and cocultivation duration (Wen et al., 2022). Cocultivation will 
optimize A. tumefaciens to infect and insert genes in the explant tissue. According to 
Karthik et al. (2018), the optimal cocultivation period to increase transformation 
efficiency is two to three days in dark conditions with a temperature of 28oC. Washing 
using 400 mg L-1 cefotaxime antibiotic was then performed after cocultivation to free the 
explants from A. tumefaciens.  

The effective concentration of cefotaxime to eliminate bacteria, according to Kumar 
et al. (2017) by washing technique is 500 mg L-1, while the concentration of cefotaxime 
antibiotic 250 mg L-1 is effective to suppress the growth of A. tumefaciens in subculture 
media. The transformation efficiency, regeneration efficiency, and percentage of STG 
success are presented in Table 3. Table 3 shows that the highest transformation efficiency 
was obtained in the type of nucellar embryo explants at 14,29%. The high value of 
transformation efficiency is not followed by the high value of regeneration efficiency. Due 
to the difficulty of eliminating A. tumefaciens, it needs to be washed with antibiotics 
continuously, which can inhibit the growth of transformed explants (Dwinianti, 2013). 
Several things, such as temperature, humidity, suitability of scion, and rootstock growth, 
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strongly influence the percentage of STG success. The result obtained in the type of 
nucellar embryo and zygotic embryos did not grow successfully when grafted because the 
growth of explants in in-vitro culture was not in accordance with the requirements for 
STG. There are 7 explants from cotyledon nodes that can be carried out by STG with a 
success percentage of 100%. The role of rootstock is also important in the success of STG 
because the scion and rootstock influence each other. The rootstock in this study was able 
to initiate accelerated growth so that it could meet the need for accumulated food 
reserves. Studies related to the success of STG conducted by Chalise et al. (2013) in the 
Nepal region reported that mandarin oranges reached 91.75%. 

Table 3. Transformation efficiency, regeneration efficiency, and percentage success of shoot tip grafting (STG). 

Type of 
explant 

Initial 
number of 
explants 

Number of 
green 

explants 

Number of 
sprout-

resistant 
explant 

hygromycin 

Number 
of STG 
explant 

Shoot tip 
grafting 

successful 
explant 

Transformation 
efficiency (%) 

Regeneration 
efficiency (%) 

Shoot tip 
grafting 
success 

(%) 

A B C D E B/A*100 C/A*100 E/D*100 
Nucellar 
Embryos 735 105 14 0 0 14.3 1.9 0 
Zygotic 
Embryos 427 44 21 0 0 10.3 4.9 0 
Cotyledon 
Node 432 36 17 7 7 8.3 3.9 100 
Total 
Explants 1594        

 

Percentage of disease intensity of plants in putative transformant Ponkan Mandarin 
The percentage of attacks and the intensity of plants affected by the disease were 

obtained from observing symptoms of huanglongbing disease in Six putative transformant 
lines artificially inoculated with bacteria that cause huanglongbing disease and then 
carried out by STG. According to Lahlali et al. (2022), the presence of pathogen infections 
can change the productivity, quality, and quantity of plants in absorbing nutrients. HLB 
symptoms indicate zinc or manganese deficiency in characteristic spots on the leaves, 
hardened leaves, shrunken and erect leaves, stunted seedling growth, thin crowns, dead 
twigs, small fruit, and root rot (Ma et al., 2022). Based on the observation of disease 
symptoms obtained after artificial inoculation, the Ponkan Mandarin lines had 
huanglongbing symptoms characterized by shrunken leaves and characteristic spots at 
weeks 20 (Figures 1a and 1b).  

Symptoms of huanglongbing disease on Ponkan transformant lines based on 
observations presented in Table 4, HLB symptoms on Ponkan Mandarin transformant line 
began at week 20 after inoculation, namely on KP604 and KP605 lines. Three lines, namely 
KP598, KP606, and KP607, show no HLB symptoms until week 24 after artificial bacterial 
inoculation. According to (Keshavareddy et al., 2018), gene transformation in plants is 
successful if it can produce new plants that can grow normally, are fertile, and express the 
nature of the new DNA that has been inserted. 

Scanning electron microscope (SEM) observations of asymptomatic shoots showed 
no callose formation and no colonizing bacteria, so the gene completion was successful 
and mutations occurred in the target gene because no callose compounds were formed 
(Figure 2a). Symptomatic shoots showed the formation of callose in the vascular tissue 
with the presence of bacterial colonies in the phloem tissue (Figure 2b). Genetic changes 
caused by transformation can change different responses in each line. Based on this, plants 
survive and continue to grow, but it needs to be further observed whether growth will 
develop or will be inhibited. According to (Muslim et al., 2019), HLB disease was positively 
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identified after five years of age; this aligns with research conducted in Brazil, which found 
that the age of citrus plants when HLB disease was first detected was five years old. The 
difference between symptomatic and non-symptomatic Ponkan Mandarin lines with HLB 
disease is shown in Figures 1c and 1d. 

 
 
 
 
 
 
 

 

Figure 1. Ponkan Mandarin transformant putative lines at week 20 after inoculation: 1a and 1b HLB symptomatic 
leaf appearance; 1c. HLB symptomatic plants; 1d. HLB non-symptomatic plants. 

Table 4 Percentage of HLB disease intensity of Ponkan Mandarin citrus plants affected 
by huanglongbing week 24 after inoculation. 

Lines 
HLB disease intensity (%) 

 Attack rate 

KP597  4.9 Mildly symptomatic 
KP598  0.0 Not symptomatic 
KP604 12.5 Mildly symptomatic 
KP605  9.9 Mildly symptomatic 
KP606  0.0 Not symptomatic 
KP607  0.0 Not symptomatic 

 
 

 

Figure 2. SEM observation of phloem tissue of shoots of Ponkan Mandarin citrus lines inoculated in vivo at 6500x 
magnification: a. Non-symptoms shoots, b. Symptomatic shoots (red arrow sign). 

CONCLUSIONS 
CRISPR/Cas9-gRNA-CsCS gene transformation can be performed on several explants 

(nucellar embryos, zygotic embryos, and cotyledon nodes). The cotyledon node explant 
type can survive until the shoot tip grafting (STG) and selection after artificial inoculation 
at the greenhouse. Three lines (KP598, KP606, KP607) were obtained with an attack 
intensity of 0.00%, meaning they were not symptomatic of HLB disease after artificial 
bacterial inoculation. 



Rahayu et al. / Jurnal Agronomi Indonesia (Indonesian Journal of Agronomy), 52(2), 275-283 282 
  

 

ACKNOWLEDGEMENTS 
This research was supported by the Indonesia Center of Research and Development 

of Biotechnology and Agricultural Genetic Resources through DIPA in 2021 and Dr. Tri 
Joko Santoso, S.P., M.Si for providing the CRISPR/Cas9-gRNA-CsCS cassette construct. 

REFERENCES 
Aisyah, D. N. (2021). CRISPR/Cas9-gRNA-CsCS gene transformation in citrus plants to increase resistance to 

huanglongbing disease [Master Theses, IPB University]. IPB University Scientific Repository. 
http://repository.ipb.ac.id:8080/handle/123456789/108976 

Asande, L. K., Omwoyo, R. O., Oduor, R. O., & Nyaboga, E. N. (2020). A simple and fast Agrobacterium-mediated 
transformation system for passion fruit KPF4 (Passiflora edulis f. edulis × Passiflora edulis f. flavicarpa). Plant 
Methods, 16, 141. https://doi.org/10.1186/s13007-020-00684-4 

BPS. (2021). Fruit crop production 2019. BPS-Statistic Indonesia 
https://www.bps.go.id/indicator/55/62/1/produksi-tanaman-buah-buahan.html 

Chalise, B., Baral, D. R., Gautam, D. M., & Thapa, R. B. (2013). Effect of grafting dates, methods on success and growth 
of Mandarin (Citrus reticulata Blanco) sapling. Nepal Journal of Science and Technology, 14(1), 23–30. 
https://doi.org/10.3126/njst.v14i1.8873 

de Oliveira, J. M. C., do Nascimento, A. S., de Miranda, S. H. G., Barbosa, C. de J., & Laranjeiras, F. F. (2013). Estimating 
the economic impact of an eventual introduction of huanglongbing (HLB) in the state of Bahia, Brazil. Revista 
Brasileira de Fruticultura, 35(3), 755–762. https://doi.org/10.1590/S0100-29452013000300012 

Dewanto, H. A., & Suhandono, S. (2016). Transformation using Agrobacterium tumefaciens on leaf boots of 
Kalanchoe mortagei and Kalanchoe daigremontiana 1 and 2. (In Indonesian.). Chimica et Natura Acta, 4(2), 97-
105. https://doi.org/10.24198/cna.v4.n2.10679 

Dwinianti, E. F. (2013). Transformation of the SoSUT1 gene in sugarcane plants (Saccharum officinarum L var.BL) 
using Agrobacterium tumefaciens strain GV 3101and sugarcane shoot base explants in vitro [Bachelor Theses, 
Jember University]. Jember University Digital Respository. 
https://repository.unej.ac.id/handle/123456789/1885 

Ghosh, D., Kokane, S., Savita, B. K., Kumar, P., Sharma, A. K., Ozcan, A., Kokane, A., & Santra, S. (2023). Huanglongbing 
Pandemic: current challenges and emerging management strategies. Plants, 12(1), 160. 
https://doi.org/10.3390/plants12010160 

Granato, L. M., Galdeano, D. M., D’Alessandre, N. D. R., Breton, M. C., & Machado, M. A. (2019). Callose synthase family 
genes plays an important role in the Citrus defense response to Candidatus Liberibacter asiaticus. European 
Journal of Plant Pathology, 155, 25–38. https://doi.org/10.1007/s10658-019-01747-6 

Guo, P., Liu, P., Lei, J., Chen, C., Qiu, H., Liu, G., Chen, Z., & Luo, L. (2019). Improvement of plant regeneration and 
agrobacterium-mediated genetic transformation of Stylosanthes guianensis. Tropical Grasslands-Forrajes 
Tropicales, 7(5), 480–492.  

Handayani, R. S., Yunus, I., Tillah, N., & Handayani, I. (2020). Effect of cytokines on the in vitro of sweet kaffir lime 
(Citrus hystrix Dc). Journal of Tropical Horticulture, 3(2), 60-64. https://doi.org/10.33089/jthort.v3i2.51 

Hartati, S., Puspitaningrum, A., Etikawati, N., & Sudarmonowati, E. (2018). Optimization of the xyloglucanase gene 
transformation system in Eucalyptus pellita F. Muell Using Agrobacterium tumefaciens. (In Indonesian.). 
Bioscience, 2(1), 76-85. https://doi.org/10.24036/020182110044-0-00 

Horodecka, K., & Düchler, M. (2021). CRISPR/cas9: principle, applications, and delivery through extracellular 
vesicles. International Journal of Molecular Sciences, 22(11), 6072. https://doi.org/10.3390/ijms22116072 

Karthik, S., Pavan, G., Sathish, S., Siva, R., Kumar, P. S., & Manickavasagam, M. (2018). Genotype-independent and 
enhanced in planta Agrobacterium tumefaciens-mediated genetic transformation of peanut [Arachis hypogaea 
(L.)]. 3 Biotech, 8, 202. https://doi.org/10.1007/s13205-018-1231-1 

Keshavareddy, G., Kumar, A. R. V., & S. Ramu, V. S. (2018). Methods of plant transformation- a review. International 
Journal of Current Microbiology and Applied Sciences, 7(07), 2656–2668. 
https://doi.org/10.20546/ijcmas.2018.707.312 

Kosmiatin, M. (2017). Final report on the activity of assembling CVPD-resistant superior oranges using a 
biotechnological approach. Center for Standard Testing of Biotechnology Instruments and Agricultural Genetic 
Resources. 

http://repository.ipb.ac.id:8080/handle/123456789/108976
https://doi.org/10.1186/s13007-020-00684-4
https://www.bps.go.id/indicator/55/62/1/produksi-tanaman-buah-buahan.html
https://doi.org/10.3126/njst.v14i1.8873
https://doi.org/10.1590/S0100-29452013000300012
https://doi.org/10.24198/cna.v4.n2.10679
https://repository.unej.ac.id/handle/123456789/1885
https://doi.org/10.3390/plants12010160
https://doi.org/10.1007/s10658-019-01747-6
https://doi.org/10.33089/jthort.v3i2.51
https://doi.org/10.24036/020182110044-0-00
https://doi.org/10.3390/ijms22116072
https://doi.org/10.1007/s13205-018-1231-1
https://doi.org/10.20546/ijcmas.2018.707.312


Rahayu et al. / Jurnal Agronomi Indonesia (Indonesian Journal of Agronomy), 52(2), 275-283 283 
  

 

Kumar, R., Mamrutha, H. M., Kaur, A., & Grewal, A. (2017). Synergistic effect of cefotaxime and timentin to suppress 
the Agrobacterium over growth in wheat (Triticum aestivum L.) transformation. Asian Journal of Microbiology, 
Biotechnology and Environmental Sciences, 19(4), 961–967. 

Lahlali, R., Ezrari, S., Radouane, N., Kenfaoui, J., Esmaeel, Q., El Hamss, H., Belabess, Z., & Barka, E. A. (2022). Biological 
Control of plant pathogens: a global perspective. Microorganisms, 10(3), 596. 
https://doi.org/10.3390/microorganisms10030596 

Lestari, E. G. (2011). The role of growth regulators in plant propagation through tissue culture.  (In Indonesian.). 
Jurnal AgroBiogen, 7(1), 63-68.  

Li, M. Y., Jiao, Y. T., Wang, Y. T., Zhang, N., Wang, B. B., Liu, R. Q., Yin, X., Xu, Y., & Liu, G. T. (2020). CRISPR/Cas9-
mediated VvPR4b editing decreases downy mildew resistance in grapevine (Vitis vinifera L.). Horticulture 
Research, 7(1), 149. https://doi.org/10.1038/s41438-020-00371-4 

Ma, W., Pang, Z., Huang, X., Xu, J., Pandey, S. S., Li, J., Achor, D. S., Vasconcelos, F. N. C., Hendrich, C., Huang, Y., Wang, 
W., Lee, D., Stanton, D., & Wang, N. (2022). Citrus Huanglongbing is a pathogen-triggered immune disease that 
can be mitigated with antioxidants and gibberellin. Nature Communications, 13, 529. 
https://doi.org/10.1038/s41467-022-28189-9 

Mahadi, I. (2016). Effect of naftalen acetyl acyd (NAA) and kinetin hormones on tissue culture of bogor pineapple 
(Ananas comosus (L.) Merr.) cv. Queen. Bio-Site, 02(2), 1–50. 

Muslim, M., Wirawan, I. G. P., & Sritamin, M. (2019). Histopathology siamese citrus leaves(Citrus nobilis) infected by 
citrus vein phloem degeneration (CVPD) at mild, moderate and severe attacks. Jurnal Agroekoteknologi Tropika 
(Journal of Tropical Agroecotechnology), 8(1), 77–90. 

Narouei-Khandan, H. A., Halbert, S. E., Worner, S. P., & van Bruggen, A. H. C. (2016). Global climate suitability of citrus 
huanglongbing and its vector, the Asian citrus psyllid, using two correlative species distribution modeling 
approaches, with emphasis on the USA. European Journal of Plant Pathology, 144, 655–670. 
https://doi.org/10.1007/s10658-015-0804-7 

Nurhadi, N. (2015). Huanglongbing disease (Candidatus Liberibacter asiaticus) on Citrus: threats and control 
strategies. Pengembangan Inovasi Pertanian, 8(1), 21–32. 

Putradhika, P. R. (2019). Introduction of CRISPR/Cas9 gRNAcsCS gene on JC citrus (Japache Citroen) using 
Agrobacterium tumefasciens. [Bachelor Theses, IPB University]. IPB University Scientific Repository. 
https://repository.ipb.ac.id/handle/123456789/96943 

Sarwono, S. (1995). Oranges and Their Relatives. (In Indonesian.). Penebar Swadaya. 
Sudo, M., Yasuda, K., Yahata, M., Sato, M., Tominaga, A., Mukai, H., Ma, G., Kato, M., & Kunitake, H. (2021). 

Morphological characteristics, fruit qualities and evaluation of reproductive functions in autotetraploid 
satsuma mandarin (Citrus unshiu Marcow.). Agronomy, 11(12), 2241. 
https://doi.org/10.3390/agronomy11122441 

Wen, S. S., Ge, X. L., Wang, R., Yang, H. F., Bai, Y. E., Guo, Y. H., Zhang, J., Lu, M. Z., Zhao, S. T., & Wang, L. Q. (2022). An 
efficient agrobacterium-mediated transformation method for hybrid poplar 84K (Populus alba × P. glandulosa) 
using calli as explants. International Journal of Molecular Sciences, 23(4), 2216. 
https://doi.org/10.3390/ijms23042216 

Wu, H. Y., Liu, K. H., Wang, Y. C., Wu, J. F., Chiu, W. L., Chen, C. Y., Wu, S. H., Sheen, J., & Lai, E. M. (2014). AGROBEST: 
An efficient Agrobacterium-mediated transient expression method for versatile gene function analyses in 
Arabidopsis seedlings. Plant Methods, 10, 19. https://doi.org/10.1186/1746-4811-10-19 

 

Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) 
and contributor(s) and not of the publisher(s) and/or the editor(s).  

Copyright: © 2024 by the authors. This article is an open access article distributed under the terms and conditions of the 
Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/). 

https://doi.org/10.3390/microorganisms10030596
https://doi.org/10.1038/s41438-020-00371-4
https://doi.org/10.1038/s41467-022-28189-9
https://doi.org/10.1007/s10658-015-0804-7
https://repository.ipb.ac.id/handle/123456789/96943
https://doi.org/10.3390/agronomy11122441
https://doi.org/10.3390/ijms23042216
https://doi.org/10.1186/1746-4811-10-19

	ABSTRACT
	INTRODUCTION
	MATERIALS AND METHODS
	Plant material and citrus isolation
	Preparation of Agrobacterium tumefaciens vectors for transformation
	Transformation
	Selection of transformant sprouts
	Growth acceleration of transformant sprouts
	Shoot tip grafting
	Evaluation of resistance of transgenic putative artificial inoculation in vivo
	Data analysis

	RESULTS AND DISCUSSION
	Transformation optimization with several types of citrus explants
	Transformation of Ponkan Mandarin plants using the vector A. tumefaciens strain EHA 105 with a combination treatment between the type of explant and Optical Density (OD) value. The transformation was carried out by immersing the explants in bacterial ...

	Accelerated growth of Ponkan Mandarin plant explants after in vitro transformation
	Transformation efficiency, regeneration, and shoot tip grafting success
	Percentage of disease intensity of plants in putative transformant Ponkan Mandarin

	Plant height (cm)
	Planting media composition
	Leaf number 
	Type of explant
	0.8b
	0.7b 
	VMW
	0.8ab
	0.70b 
	MT
	MS+K0
	0.7b
	0.7b 
	Nucellar embryos
	0.7b
	0.7b 
	MS+K1
	0.9ab
	0.8ab 
	MS+K2
	0.9ab
	0.80ab 
	MS+K3
	1.0ab
	0.8ab 
	VMW
	1.0ab
	0.8ab 
	MT
	0.8ab
	0.7b 
	MS+K0
	Zygotic embryos
	0.8ab
	0.7b 
	MS+K1
	0.8ab
	0.70b 
	MS+K2
	1.0ab
	0.8ab 
	MS+K3
	0.9ab
	0.8ab 
	VMW
	0.9ab
	0.8ab 
	MT
	0.7b
	0.7b 
	MS+K0
	Cotyledon node
	0.8ab
	0.8ab 
	MS+K1
	1.1a
	0.9a 
	MS+K2
	0.8b
	0.7b 
	MS+K3
	CONCLUSIONS
	ACKNOWLEDGEMENTS
	REFERENCES

