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Abstract  
In-planta transformation is an efficient, quick and tissue culture independent system for crop 

plants improvement. In-planta transformation is a useful system for those plants that lack tissue culture 
and regeneration system. Therefore, the direct in-planta methods are commonly used for the 
transformation of many important genes into these plant species. The two most common Agrobacterium 
mediated in-planta methods such as floral dip and vacuum infiltration have been successfully used by 
many researchers in both dicot and monocot plants. The main advantages of in-planta transformation 
are to produce large number of transgenic plants and accumulation of high concentration of total 
soluble protein in short time. The production of chimera plants and lack of stable transgene expression 
at T1 or after T1 stage are some of the problems to these methods that need further improvements. The 
present review mainly focuses on in-planta transformation protocols that were successfully used for 
many agronomical important crop plants and to describe the various advantages and disadvantages of 
in-planta transformation methods in different crop species.  
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1. Introduction
Transgenic plants are produced by transformation and stable integration of foreign gene 

into the plant genome. The conventional plant transformation methods are biological transfer 
method through Agrobacterium and physical or chemical gene transfer methods like gene gun 
etc. are used to produce plants of desired traits [1].These methods have been successfully used 
to transform agronomically important genes to many crop plants whose tissue culture system 
has already been established [2]. But, the disadvantages of tissue culture based transformation 
methods are time consuming and leads soma clonal variation that affect both qualitative and 
quantitative characters of plants [3]. The direct transformation method without any tissue 
culture steps is termed as ‘‘in-planta’’ transformation [4]. The production a large number of 
uniform plants in short time, less labor efforts and minimal reagents requirements are some of 
main advantages of in-planta transformation system [5]. 

In early experiments this method was used to transform the flowering parts of 
Arabidopsis via Agrobacterium tumefaciens through vacuum infiltration method. The vacuum 
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infiltration method is based on the infection of flowering plants through Agrobacterium cell 
suspension, followed by regeneration of plants, harvesting and selection of transgenic plants 
on screening media containing marker genes such as antibiotic and herbicides resistant genes 
[6]. Stable transgenic plants with lower transformation frequency were produced through this 
method [4]. In other experiment the floral parts of flower buds are dipped in Agrobacterium 
culture with strong optical density to produce transgenic plants. This method is commonly 
known as floral dip method. This method is quick, reliable and free from microbial attacks. 
The disadvantages of floral dip methods are their low transformation efficiency and random 
integration of foreign gene into host genome [7]. 

 The floral dip and vacuum infiltration methods were successfully used in many 
agronomically important crops such as in Brassica rapa [8], Arabidopsis lasiocarpa [9], 
Arabidopsis thaliana [10, 11, 12], Medicago truncatula [13], Raphanus sativus [14], Solanum 
lycopersicum [15], Brassica Napus [16], Melilotus alba [17], Camelina sativa [18], Zea Mays 
[19] and Brassica napus [20]. The recent in-planta transformation protocols and methods for 
some important plants are shown in (Table 1, Fig. 1). 
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Table 1.  New direct in-planta 
transformation protocols for important crop 

plants 

Many agronomically important plants lack an efficient tissue culture system. Therefore, 
the quick and tissue culture independent transformation system remain the only option for the 
transformation of important genes to these plants. Therefore, the present review summarizes 
the latest novel in-planta transformation techniques that were successfully used by many 
researchers for different plant genotypes.  

2. In-Planta Transformation in Cereal Crops
Wheat is a monocot plant and have problem of a proper regeneration system. Therefore, 

different types of new and efficient direct in-planta transformation protocols have been 
established by many researchers. An efficient in-planta transformation protocol was 
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established by J.M. ZALE & al. [21]. The young, mid and late uninucleated microspores of 
spikes were immersed in Agrobacterium suspension via infiltration method and the resulted 
plantlets were selected with paromomycin spray to whole plants. The transgenic plants remain 
green while the non-transgenic plants die with screening marker. The resulted transgenic 
plants showed very low level of transgene expression. A. RAZZAQ & al. [22] developed a 
quick and enhanced in-planta based transformation protocol for wheat variety GA-2002. A. 
tumefaciens, LBA 4404 harboring pBI121 having gene of interest was used for direct in-
planta transformation. The syringes containing the Agraobacterium suspension was injected 
to apical meristem and florets followed by co-cultivation on filter paper. The resulted 
transgenic plants were screened with kanamycin and GUS assay. The results revealed that 
27% of transgenic plants show positive GUS activity and 26% of transgenic plants give 
positive PCR amplification. P. SUPERTANA & al. [23] developed new transgenic wheat var. 
Shiranekomugi by using direct in-planta transformation floral dip method. The fresh young 
embryo was selected for Agrobacterium infection followed by a single wash with cefotaxime. 
The transgenic plants were grown in pots in open environment and were selected with 
hygromycin. The maximum transformation efficiency 33% was achieved. G. NASERI & al. 
[24] established a new in-planta transformation system for rice variety Hashemi. The young 
embryo was inoculating to strong Agrobacterium suspension along with (100 μM) 
acetosyringone. The needle was dipped in the Agrobacterium suspension and pinched on the 
top of young embryo. The young embryo was then grown on filter paper and kept in dark for 
few days. W. ROD-IN & et al. [25] reported an efficient Agrobacterium mediated floral dip 
transformation protocol for rice cultivar RD41. The young cut spikelet were targeted for 
transformation and the chimera expression at different plant parts was checked by GUS assay. 
The highest transformation frequency 89.16% was achieved with anther transformation while 
very low transformation efficiency 7.23% was recorded with ovule transformation. P. 
SUPERTANA & al. [26] established a new simple, quick and efficient in-planta 
transformation system for rice variety Koshihikari. The young embryo was targeted for direct 
Agrobacterium infection with a syringe. The maximum transformation efficiency 40-43% was 
recorded through this method. A. ANDRIEU & al. [27] also developed similar transient 
expression based in-planta transformation protocol for two important rice cultivars japonica 
and indica rice. Y.M. MOISEEVA & al. [28] transformed the young pistel filament of maize 
with Agrobacterium mediated floral dip method. The Agrobacterium suspension was prepared 
along with addition of acetosyringone followed by agro-injection to the floral filament with 
help of syringe at different temperature 28-29ºC, 30-31ºC and 33-35ºC. The platelets were 
then washed with 10% sodium hypochlorite followed by two times rinsed with double 
distilled water and were grown on MS media containing kanamycin as selective agent. M.I. 
CHUMAKOV & al. [29] also transformed the maize pistel filament with direct in-planta 
transformation and maximum transformation efficiency 60.3% was achieved. 

3. In-Planta Transformation in Arabidopsis Plant
Feldmann and Marks for the first time developed Agrobacterium tumefacien 

transformation system for Arabidopsis thaliana by co-cultivating the young germinating 
seeds. They achieved very low transformation efficiency with this method. Several new 
optimized protocols were developed by other researcher such as N. BECHTOLD & al. [30] 
developed a new vacuum infiltration protocol along with using surfactant (Silwet L-77) that 
strongly increased transformation frequency up to several fold. The Agrobacterium infection 
to flower buds along with combination of surfactant Silwet L-77 (0.01% - 0.05%) and sucrose 
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(5%) significantly increased transformation efficiency [31]. The floral dip method is simple, 
efficient and genetically stable method for direct transformation of many important multiple 
genes into Arabidopsis thaliana [32]. Das & Joshi [10] developed a new modified vacuum 
infiltration protocol for Arabidopsis thaliana genotype (Columbia-0). The young buds were 
targeted for Agrobacterium infection. The plants were grown in single or in combination in 
pots and then kept in beel jar where vacuum was produced at pressure 400mm Hg. The plants 
were kept in vacuum until air bubble produced from leaves or stem. The plants were then 
washed to remove excess of bacterium suspension and allow growing on polythene bags. 

The in-planta transformation efficiency in model Arabidopsis plants is affected by 
various factors such as the medium used for infiltration, plant growth and developmental 
condition,  use of different concentration of surfactant and use of different types of 
Agrobacterium strains [6,33]. G. DEHESTANI & al. [34] reported that the addition of 
surfactants such as Silwet L-77 and Triton X-100 in filtration medium  increased 
transformation efficiency while the addition of acetosyringone in filtration medium have no 
effect on transformation efficiency. The removal of floral inflorescence and sliques are the 
two other factors that significantly increased transformation rate.  

4. In-Planta Transformation in Vegetable Crops
Several improved and quick in-planta transformation protocols have been established for 

many vegetable crops plants. K.S. RAO & al. [35] developed a new in-planta transformation 
protocol for pigeon pea. The two days old young seedling was targeted for Agrobacterium 
infection. After infection with Agrobacterium suspension the young seedling were carefully 
transferred to co-cultivation media in order to improve transformation. The young plantlets 
were then transferred to green house where they show slow growth rate initially and then 
increased rapidly after few days of acclimatization. The seeds at T0 stage were harvested and 
600 seeds were grown in pots for T1 generation. The results revealed that only 350 plantlets 
showed stable transgene expression at T1 stages. The resulted protocol is quick, efficient and 
very useful for the production of marker free transgenic plants. S.H. Shah & al. [15] 
transformed DREBIA gene with Agrobacterium strain EHA105 into tomato through direct 
shoot apical meristem infection. The maximum transformation efficiency was obtained via 
agro-infection to 3 days young seedling by using bacterial optical density concentration 1 and 
60 µM accetosyringone concentration in co-cultivation media. A.M. KUMAR & al. [36] 
developed tissue culture independent in-planta transformation protocol for two important bell 
pepper varieties Arka Gaurav and Arka Mohini. The Agrobacterium strain EHA-105 that 
carries a binary vector pCAMBIA1301 was used for transformation. Stable transgenic pepper 
plants were produced along with some chimera plants that express transgene in some specific 
part of the plant. Alfaalfa plant have lack a single genotype independent tissue culture 
protocol. Therefore an efficient marker free in-planta transformation system was established 
by J.T. WEEKS & al. [37]. In this method the young seedlings were cut follow by cold 
treatment and co cultivated with strong Agrobacterium concentration. About 7% of treated 
plants expressed foreign gene in their genome. The disadvantage of this method is to produce 
transgenic plants that negatively affect the forage quality. K. KEDONG XU & al. [38] 
established an enhanced agro-infiltration transformation protocol for onion plants. The onion 
bulbs were targeted for agro-infection and foreign gene was expressed in onion bulbs parts 
within 5 days. The maximum transformation efficiency 43.87% was achieved through this 
method. The resulted quick and efficient transient expression system serves as a model to 
other vegetable bulb plants. 
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5. In-Planta Transformation in Oilseeds Crops
Many oil seeds crops especially soybean has lack an efficient single tissue culture and 

transformation protocol. In order to cover this problem many different improved tissue culture 
independent direct in-planta transformation systems were developed by different researcher. 
M. ZIA & al. [39] developed an improved in-planta transformation system for two important 
genotypes of soybean NARC-4 and NARC-7. The soybean pods were injected with 
Agrobacterium suspension at three different developmental stages. The highest 
transformation efficiency 39.16%was achieved with NARC-7 when pods were infected at late 
developmental stage. M. LIU & al. [18] transformed the wounded ovary of soybean with 
direct Agrobacterium injection. However, very low transformation efficiency 3.2 % was 
recorded. J. LI & al. [7] also transformed four days old young seedling of soybean through 
Agrobacterium rhizogene. J. LI & al. [16] developed an efficient floral dip transformation 
system for Brassica napus. The Agro- bacterium suspension along with combination of 
3%sucrose, 1% silwet L-77 and 8mg/l acetosyringone were used to improve transformation 
efficiency. The transgenic plants were screened by transferring seeds into antibiotic media 
and allow them to soak. 

6. CONCLUSIONS
An efficient tissue culture system is an important step before transformation. The lack

of proper tissue culture for many crop plants, hiders the crop improvement through 
transformation techniques. In-planta transformation is a tissue culture independent, quick and 
efficient direct transformation system that produced large number of plants in very short time. 
Floral dip and vacuum infiltration methods are the two main in-planta transformation 
methods that were successfully used to transformed gene of interest in cereal crops, 
vegetables, oil seeds crops and many other plants. The transgenic plants produced through in-
planta transformation show high transformation and regeneration frequency and need 
minimal labors and reagents requirements. The expression of transgene in some plant parts 
and no or low expression in other plant parts are some of the problems in many crop species 
that need further optimization study. The present review highlighted the crop improvement 
that result from various in-palnta techniques and the advantages and limitation of in-planta 
transformation systems. 
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