
 

 

 

Abstract—Commercial production of ethanol from plant biomass 

sources employs enzymatic hydrolysis of cellulose to glucose. 

Transgenic plants that can produce their own hydrolysis enzymes 

may offer an inexpensive and convenient system for the large-scale 

production of these enzymes. Corn ethanol and other first-generation 

biofuels (sugarcane ethanol and biodiesel from (soy, canola, and 

palm oil) may, in fact, increase emissions over the next century if 

they induce land-use changes that are not properly managed .lignin is 

an aromatic biopolymer, an integral cell wall constituent in all 

vascular plants including the herbaceous varies. Genetic Engineering 

using an antisenses system offers the way to modulate enzymes in the 

lignin pathway and lead to reduce lignin. The plasmid pZMRi-

4CL(12652bp) has 4CL antisense to down regulate Caffeoyl-CoA  

and reduce lignin level in maize and bar gene as selectable marker 

that confers phosphinothricin herbicide resistance under 35s 

promoter. Twelve transgenic lines expressed bar gene. The results of 

this study pointed to possible use of genetic transformation approach 

to minimize lignin content and consequently enhancing bioethanol 

production from stover. Transgenic modification of plants is a key 

enabling technology for developing sustainable biofeed stocks for 

biofuels production. 
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I. INTRODUCTION 

A. Lignin 

IGNIN is a major component of plant cell walls and 

impedes enzyamatic hydrolysis of the cellulose and 

hemicellulose to fermentable sugars (Li et al., 2008).There 

is an inverse relationship between lignin content composition 

and plant cell wall enzymatic hydrolysis and fermentation 

kinetics (Grabber et al., 2009). 

 Lignin and polysaccharide composition of plant cell walls 

has surged within the past decade partly as a result of 

biotechnology research aimed at converting biomass to biofuel 

(Carroll and Somerville 2009, Ragaukas et al., 

2006).Numerous studies have established the link between the 

relative amount of lignin and cellulose in vascular tissues and 

the accessibility of plant cell walls to chemical, enzymatic and 

microbial digestion (Ragaukas et al., 2006, Chen and Dixon 

2007). 
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 Lignin modification could improve fermentable sugars and 

by pass the need for acid pretreatment. Reduction in lignin 

content resulted in reduction in biomass. However, the 

increase in sugar production in these transgenic plants off set 

the reduction in overall biomass yield (Chen and Dixon 2007). 

 Vanholme et al., (2012) analyzed the amount and 

composition cell wall polysaccharides of the three main cell 

wall polymers (Lignin, Cellulose and matrix polysaccharides ) 

of the senesced inflorescence stems of Arabidopsis mutants in 

10 different genes of the phenyl propanoid and monolignol 

biosynthetic pathways. Two mutant alleles of each gene 

encoding phenyllanineammonia lyase) PAL1, PAL2 cinnamate 

4 hydroxylase (C4H), 4CL1 and 4CL2, caffeoyl-CoA, O-

methyltransferase 1 (CCOAOMT1) cinnamoyl-CoA reductase 

1 (CCR1) , ferulate 5- hydroxylase 1 (F5H1), COMT, and 

cinnamyl alcohol dehydrogenase 6 (CAD6). 

Lignin is a key polymer providing the strength necessary for 

the plants ability to grow upwards (VanAcker et al., 2013). A 

reduced lignin amount is compensated for by an increase in 

cellulose, as observed in poplars down regulated in 4-

coumarate: CoA ligase (4CL) and caffeic acid O- methyl 

transferase (COMT). 

Lignin modification has been one of the breeding goals in 

grasses to improve feed quality. Several monocot species have 

been recognized as major candidates of biomass materials for 

cellulosic ethanol production (Stewart 2007) Fig 1. 

Genetic Modification of Lignin to Improve 

Biofuel Production from Maize Zea Mays L. 

Using Particle Bombardment 
Manal M. Abdel-Rhman 

L 

International Conference on Biological, Civil and Environmental Engineering (BCEE-2015) Feb. 3-4, 2015 Bali (Indonesia)

http://dx.doi.org/10.15242/IICBE.C0215059 68



 

 

 
Fig 1. Pathways to lignin monomers. 

 

B. Biofuel and Biotechnology 

 Biofuels are commonly defined as fuels derived from 

renewable biological products and are often regarded as an 

attractive “green” alternative to fossile sources of energy due 

to their potential contribution to lowering carbon dioxide 

emissions. Biofuel have been subject to much scrutiny over the 

past decade (Pauly and Keegstra 2008, Williams et al., 2009, 

Speight , 2011). 

Bioethanol from cellulosic feed stocks such as corn stover, 

 switchgrasss or wood chips is a promising renewable and 

clean energy source with the potential to reduce greenhouse 

gas emissions by up to 86% compared with gasoline 1 (Wang 

et al., 2007) 

 The use of biotechnology for biofuel production is very 

attractive The development of transgenic plants engineered for 

enhancing biofuel conversion is expected to be the most rapid 

and efficient solution , especially for the production of fuels 

from lignocellulosic biomass (Gressel et al., 2008). 

Agriculture biotechnology based on GM plants is relatively 

simple and does not require highly sophisticated infra-

structure. Crops can also be genetically engineered to facilitate 

biofuel production (Naranjo and Vicenteo 2008).  

C. Maize plant transformation 

Corn grain from these varieties would yield increased 

glucose levels compared to existing varieties and lead to 

higher levels of ethanol production from the grain.Maize is an 

important food and feed crop in many countries. It is also one 

of the most important target crops for the application of 

biotechnology. Currently, there are more biotech traits 

available on the market in maize than in any other crop. 

Generation of transgenic events is a crucial step in the 

development of biotech traits. A high throughput  

 

transformation system producing a large number of high 

quality events in an elite genetic background is highly 

desirable. Que et al., (2014) Plant cell tissue is an important 

tool in both basic and applied studies as well as in commercial 

application (Stasolla and Thorpe 2011).Genetic engineering 

has the potential to improve the economic value of maize by 

introducing genes to improve its adaptability and agronomic 

characteristics and to increase its utilization in non-traditional 

areas such as production of industrial raw materials enzymes 

and other useful compounds (Ma et al., 2003). One attractive 

approach is to engineer maize to produce polysaccharide 

degrading enzymes such as cellulases, so the crop can serve as 

a green bioreactor for production of these enzymes.  

II. MATERIALS AND METHODS 

A. Plasmid 

Plasmid ZMRi-4CL (12652bp) (Illinois University) as 

shown in Figure (2) which includes a selectable marker (bar 

gene), 4CL anti -sense gene (decrease lignin content) under the 

control 35 S promoter was used. 
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Fig.2. Schematic drawing of the plasmid ZMRi- 4CL 12652 bp 

consists of 4CL antisense, bar gene under 35 S promoter 

B.   Preparation of embryogeniccallus : 

 Ears of maize variety HiII plant (A188xB73) were collected 

14 days after pollination from green house when embryos were 

about 1.2-1.8 mm in size. Ears for embryo extraction were 

surface-sterilized using 70% alcohol for 5min then10% sodium 

hypochlorite was used for 20 min and rinsed three-five times 

with sterilized distilled water. Immature embryo were isolated 

and cultivated scutellum-side up onto the surface of D medium 

( Duncan et al.,1985) for 21 days then to N6salts and N6 

vitamins (Chu et al.,1975), 2 mg/l 2, 4-D, 3% sucrose, 100 

mg/L myo-inositol, 2.76 g/Lproline,100 mg/L casein 

hydrolysate and 2.5% gelrite. , pH5.8, filter sterilized silver 

nitrate (25μM) added after autoclaving .Cultures were kept in 

Petri dishes at 28
o
C and grown in the dark for callus ignition 

and maintenance. 
 Type II callus and friable callus were come out after 30-45 

days then, put on (N6OSM) Osmotic medium which similar to 

N6E except 36.4 g/L sorbitol and 36.4 g/L mannitol were 

added to it. Calli were left for 4 hours on this medium and 

bombarded with gold particles coated with pZMRi-4CL 

(12652bp) the using the helium –driven biolistic particle 

delievery system (Bio-Rad) PDS 1000 He biolistic gun and 

1100 psi rupture disk and a target distance of 6 cm was used 

for bombardment. Firstly, 1 mg of 1 μm Gold particles  were 

washed with 70% ethanol and twice with sterile water , and 

were then resuspended by sonication in 880μl of sterile water 

then divided to four eppendurf tubes. In addition, 1μl of 1μg/μl 

solution of plasmid DNA, 220 μl of 2.5 M CaCl2, and 50 μl of 

0.1M spermidine were added sequentially to the particle 

suspension. Each shot carried 250 μg gold particles and 1 μg 

DNA of the pZMRi-4CL. Following transformation, these 

cultured were kept in the same medium for 4 hours after that, 

calluses were transformed to callus iniation medium for 7-10 

days. The calli were transferred to selection medium (N6S) 

supplemented with 4 and 5 mg/l phosphinothricin (PPT) for 

three cycles (each cycle 21 days). Transformed calluses were 

transferred to MSI (regeneration mediumI RI) MS salts 

(Murashige and skoog, 1962) supplemented with 60 g/L 

sucrose, 100 mg/L myo-inositol, 3g/L gelrite, pH 5.8 and  PPT 

were added after autoclaving with two concentrations  for 14 

days in the dark then transferred to (regeneration mediumII 

)MSII without inhibitor the same component as MSI except 

sucrose was 3% instead of 6%,16 h light, 8h dark. 
 Well rooted plantlets were thoroughly washed from the 

medium with tap water and transferred to small pots containing 

a mixture of sandy loam and organic soil at ratio 1:1 and after 

2 to 3 weeks Plants were acclimated from the highly humid 

culture condition to the greenhouse environment under plastic 

bags, for 2 weeks. Plants were watered daily and fertilized 

weekly until they reached maturity. Transgenic plants were 

self-pollinated or cross-pollinated with plants originating from 

the same transformation events. In some cases, transgenic ears 

were pollinated with wild type pollen due to lack of transgenic 

pollens. Seeds were dried on the plant and harvested 35–45 

days after pollination. 

C.  Polymerase chain reaction analysis of transformants   

 Total genomic DNAwas extracted using a modified CTAB 

protocol described by (Doyle and Doyle 1990) .Plants were 

screened using PCR amplification for the introduced bar gene. 

The oligonucleotideprimers, (5’ 

TGCACCATCGTCAACCACTA3’) and (5’ 

ACAGCGACCACGCTCTTGAA3’)  

 The PCR reactions were carried out in a total volume of 

20µl, containing 100 ng of each transgenic lines and wild type 

control maize genomic DNA, 2µl (10×) buffer,10mM dNTP, 2 

units of Taq DNA polymerase and 1.0µl 10 mM of each 

primer. PCR amplification utilized an initial melting step of 

94
o
C for 5 min, followed by 30 cycles at 94

o
C for 45 sec., 

60
o
C for 45 sec. and 72

o
C for 1 min. The final products were 

annealed for 7.0 min at 72
o
C, and stored at 4

o
C.The reaction 

were used to amplify a 311bp fragment which was analyzed by 

electrophoresis in1.0% agarose/ethidium bromide gels. All 

PCR positive plants were tested by Southern blot 

hybridization. 

D. DNA Gel Blot analysis 

DNA samples (15µg) were digested with Hind III and 

Xba1,electrophoretically separated and transferred to a nylon 

membrane (HYbond-N, Amersham) by standard procedures 

(Sambrook et al., 1989). Blots were probed with p
32

- Labeled 

311 bp bar coding sequence probe and washed at high 

stringency conditions. The probe was labeled with an α p
32

- 

dCTP labeling kit (Amersham) 

III. RESULTS AND DISCUSSIONS 

 Microprojectile method of DNA transfer used in the present 

study has been used routinely to transform maize plants 

(Gordon –Kamm et al., 1990, Frame et al., 2000) Stably 

transformed calli were regularly recovered after 9 weeks of 

selection on PPT containing medium. PPT has been used 

widely as a selective substrate for maize transformation. 

Resistant calli from the lines began to differentiate on RII 

medium compared with non-transgenic lines. In order to find 

out the optimal parameters for the bombardment 

transformation of maize the expression plasmid containing bar 

gene as reporter and selectable marker and 4CL anti sense 
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which reduce lignin content by down regulate Caffeoyl-CoA . 

generation of antisense plant is difficult since the target 

requires an antisense RNA homology of over 50 bp, which is 

not preferred. Also, due to the presence of highly conserved 

regions, the specificity of antisense RNA is significantly 

reduced (Cannon et al. 1990).( Abdelrahman et al., 2011) 

found that,lignin content was as highly variable within a 

transgenic family as between transgenic families compared 

with control.  Considerable somatic instability of transgene 

expression was observed when we sampled 50 transgenic 

plants, that previously had reduced O-methyltransferase 

activity  Two concentrations of PPT inhibitor (4 and 5 mg/l) 

were used on selection medium to get transgenic lines. 

Transformation frequency for 4 mg/l  PPT was 39%  and 34% 

for 5 mg/l PPT so the concentration of 4 mg/l PPT was more 

efficiency than 5 mg/l PPT (Fig 3a & 3b). 

The transformed calli became morphologically distinguish 

able from non-transformed calli after three cycles (each cycle 

21 days) while control (non –transformed) calli died in 

selection medium . The PPT resistant calli continued to 

proliferate in the presence of selection pressure. (Fig ,4) 

Particle bombardment is still the method of choice for multiple 

gene cotransformation because the procedure is highly 

efficient particularly for monocot species and is convenient to 

use for large numbers of samples (Hadi et al., 1996 ; Chen et 

al., 1998). 

 
Fig.  3a. The effect of two concentrations of PPT for three 

selection and regeneration media. 

 

 
Fig. 3b. The percentage of calli after each selection using two 

concentrations of PPT.
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Fig.  4 Calli of transgenic maize on selection medium N6S with two concentrations of PPT. 

     s= selection, c= control, RI= regenerationI, RII= regnerationII 

 

 
Fig. 5. Transgenic maize plants in the greenhouse. 

 

 Guillaumie et al., (2008) found that, Down- regulation of 

COMT gene induced a correlative differential expression of 

only a few genes involved in the lignin pathway. Several 

cytochrome enzymes C3H, C4H and F5H were subsequently 

down-regulated in transgenic alfalfa Reddy et al., (2005) 

 

 
Fig. 6. PCR analysis of the DNA from plants recovered after 

transformation with pZMRi-4CL. Lanes: 1–4, 6-12 transgenic maize, 

5 water; 13, plasmid control; M, 1 kb DNA ladder. 
 

 
Fig.  7: Southern blot analysis of genomic DNA from maize plants 

probed with bar gene and digested with HindIII and XbaI, PX= 

plasmid digested with XbaI, PH=plasmid digested with HindIII, 

WT= wild type. 
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SUMMARY 

 Biofuels crops have been identified at various levels of domestication and 

cultivar selection. The ability to create transgenic maize easily and rapidly 

would be a tremendous advantage for both those trying to improve the 

agronomic characteristics of maize and those hoping to use transformation as 

a tool to explore fundamental question about maize genetics and 

development. 

 In this study, Hi II was used to get embryogenic calli which were friable 

yellowish and regenerable. The plasmid pZMRi-4CL(12652bp) has 4CL 

antisense to down regulate Caffeoyl-CoA  and reduce lignin level in maize 

and bar gene as selectable marker that confers glufosinate herbicide resistance 

under 35s promoter was used in this study. Plasmid was inserted to 

embryogenic calli via particle bombardment. Calli were put on selection 

medium with two different concentrations of phosphinothricin (PPT) 4 and5 

mg/l for three cycles (21 days/cycle) then calli were transferred to 

regeneration medium to get plantlets. 

 PCR and Southern blotting were used to identify the transgenic lines. The 

results showed that fifteen transgenic lines expressed bar gene. The results of 

this study pointed to possible use of genetic transformation approach to 

minimize lignin content and consequently enhancing bioethanol production 

from stover. Transgenic modification of plants is a key enabling technology 

for developing sustainable biofeed stocks for biofuels production 
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