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Abstract

A major challenge observed by sugarcane farmers is to 
acquire greater biomass production. As a consequence of 
sugarcane’s weak defense against viruses, pathogens, and 
insect attacks. Growing healthy plant is a difficult task. 
Glyphosate tolerance and insect borer resistance are signifi-
cantly important characteristics considering the genetic de-
velopment of different crops. Transformation of insect borer 
resistant genes Bt. is an efficient and cost-effective approach 
used for improving the resistance of several crops against 
insect borers. Presently, commercially developed GM crops, 
for example, maize and cotton, consisted of genes associ-
ated with insect borer resistance and herbicide tolerance, 
which are helpful qualities in a larger production. Herbicide-
resistant transgenic crops signify the importance of geneti-
cally modified crops grown throughout the world, consider-
ing that 83% of land committed for GM crops was grown 
with herbicide-resistant species. Transformed lines stacked 
with various transgenes are generally achieved through 
cross-hybridization amongst the diverse transformed plants 
or re-transformation of multiple genes. These different pro-
cedures for combining the genes created some consider-
able restrictions such as cross-hybridization is lengthy and 
labor exhaustive. Considering this, scientists successfully 
developed a rapid and efficient procedure for transforming 
the many genes constructed individually with promoter and 
terminator through T-DNA in the specific plant genome by 
a singular transformation step. Sugarcane (Saccharum of-
ficinarum L.) is an important cash crop. It makes the avail-
ability of about 80% of the worldwide sugar and almost 90% 
in Pakistan. Lepidopteran insects can damage the sugarcane 
crop, causing more than 30% loss with reference to yield 
globally. Sugarcane is commonly grown in rainy areas, so it 
is typically exposed to weed infestation, which causes yield 
loss as well. Several studies reported the successful intro-
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Introduction

Sugarcane is a useful cash crop due to its ability for greater 
biomass production. Agriculturally, suitable environments of 
the top five sugarcane producing countries including Pakistan 
attracts its higher production. Brazil is the principal country 
regarding sugarcane covered area and alone encompasses a 
25% share in the world sugar production. Sugarcane industry 
is producing a huge number of products, such as biofuel, elec-
tricity, pharmaceuticals, enzymes, beverages, alcohol, furfural, 
dextran, chipboard, paper, confectionery, chemicals, plastics, 
paints, synthetics, insecticides, detergents etc.[1-3]. The mature 
sugarcane stem consists of soluble sugar contents ranging from 
12-16%, fiber, 11-16%, water and 2-3% constituents other than 
sugars. Sugarcane juice makes availability of carbohydrates, 
protein, minerals for example calcium, iron, potassium, sodium, 
zinc, thiamine, riboflavin, and antioxidants including flavonoids 
and phenolic compounds, which makes a defensive, set up of 
human body to save it from dangerous diseases including car-
diovascular problems and cancer. For, achieving maximum ben-
efits from sugarcane, its traits can improve through its genetic 
modification [4]. The incorporation and constitutive expression 
of insect and herbicide tolerant characteristics are now achiev-
able in the required crops [5,6]. Regarding advancements in bio-
technology, crops with enhanced insect resistance is possible 
now through gene insertion methods. According to James, 2009 
the farming of biotech crops on large levels from 1996 to 2009 
was just possible because of their single-handedly insect resis-
tance quality or along with herbicide resistant trait has made 
them possible to rank 2nd world widely [7].

Morphological characteristics 

Sugarcane considered indigenously C4 crop throughout the 
year growing grass species of the tropical and the subtropical 
areas of the world [8], under family Poaceae and genus Sac-
charum. Mature cane plants made up of the lateral shoots at 
the bottom, which multiplies into stems approximately 10-13ft 
in height and nearly 5-cm in diameter. On maturity, cane stems 
become seventy five percent of the entire plant. Genus Saccha-
rum divides into six species, two of them are considered as wild 
Saccharum spontaneum and Saccharum robstum whereas re-
maining four promoted for cultivation as Saccharum edule, Sac-
charum officinarum, Saccharum barberi and Saccharum sinense 
[9]. All the species belong to the diverse regions like Saccharum 
barberi belongs to India; Saccharum edule and Saccharum offi-
cinarum belong to New Guinea. Among these, the best reliable 
Hybrid Saccharum officinarum produced from manifold cross-
ings of S. spontaneum, E. asundinaceus and M. sinensi [10]. 

Sugarcane consists of complicated aneuploid although de-
cidedly heterozygous cultivars. Being polyploid, the number of 
chromosomes ranges from 80-120 [11]. The highest growing 
latitude for this crop is mostly at 34oN, at the same time at 37oN 
is furthermore stated from Spain. Its propagation is continued 
by taking immature shoots or stem portions popularly named as 
setts. From the top part, the third segment of the stem aged 8 

duction of Bt. genes in sugarcane against lepidopteran 
insects. Some other studies reported the transformation 
of PAT/bar genes and developed resistant plants for glufos-
inate-ammonium. Currently, no study is available which in-
troduced the Bt. genes such as Cry1Ac, Cry2A, and Glypho-
sate Tolerance gene (GT-gene) all together in sugarcane for 
commercial purposes.

to12 months is considered most excellent for cane seed (setts). 
For most favorable growth of a sugarcane, cane seed with fresh 
live buds are accounted the best. Cane seeds vegetate from 10 
to 14 days covered with light soil under suitable growing envi-
ronmental conditions. Pakistan, regarding area wise sugarcane 
cultivation is on 5th position whereas 15th considering its pro-
duction and numbered 60th for contributed sugar [12]. 

Cane and yield production: Causes and challenges 

There are several issues creating hindrance for achieving 
the maximum production as well as yield from sugarcane. The 
biggest reasons for these are selected varieties with respect to 
growing area, undesirable growth of weeds and unavailability 
of strong defense systems against cane borers. Weeds usually 
create destructive problems for the desired crop plants through 
competition for soil nutrients, water availability, light plus other 
essential growth required factors [13]. This unnecessary com-
petition creates negative effects on the desired yield of the 
crop. The resulting consequences always caused major losses 
by producing low quality crop production. Neftim [14] stated 
almost 12 to 72% yield achievement failures are reasoned by 
weeds. Weeds were considered as an actual reason for k15 to 
30% loss of yield in Pakistan [15]. A variety of control systems 
were adopted to lessen these damages through chemical pro-
cedures, mechanical techniques and biological developments 
[16]. For chemical procedures, herbicides or combinations of 
different herbicides tried throughout the world. It is a simple 
approach for avoiding crop competition by weeds. Convention-
ally, uprooting of weeds is a general practice. It involves massive 
manual labor, which sometimes causes shearing and tearing of 
the field surface. 

Cane-borers are considered the chiefly crop destructive Lepi-
dopteran. They include stem and shoot borer, top-borer, root 
borers and Gurdaspur borer etc. More than an 80% decrease 
in yield has been recorded [17] through the crop destruction 
of these most damaging Lepidopteran pests including Diatraea 
saccharalis (Stem borer), Emmalocera depressalis (root borer), 
Chilo terrenellus (sugarcane top borer) Sesamia inferens (pink 
borer) and Eoreuma loftini (Maxican rice borer) [18]. Among 
sugarcane varieties, pests’ defiant germplasm is unavailable. 
Deficiency of this quality characteristics making up to 10% de-
crease in cane yield per annum regarding sugarcane globally. 
Sugarcane borer, (Proceras venosatus) single-handedly made 
7% crop damage annually in China [5].

Wide-ranging and bigger quantities of insect killing sprays 
are in use possibly to make sure crop safety and damage con-
trol by insects. Ceratovacuna lanigera, Woolly aphid is the main 
sucking pests regarding Asian countries [19]. Along with these 
insects, moth and butterfly, Fulmekiola serrate as sugarcane 
thrips, Melanaphis sacchari as cane aphid, Oxya chinensis as 
grasshopper, as well as burrowing bug (Scaptocoris talpa) in-
cluded among yield destroying insects. As a root destroying 
agents cane beetles (Tomarus subtropicus), giant termite (Mas-
totermes darwiniensis) & ants affected the cane crop produc-
tion through the damaged roots. Just because of these borers, 
insects, and pests up to 10% loss in sugarcane production is re-
corded all over the world [20,21]. 

Among these pathogens, causing agents is fungus, bacteria 
in addition to different viruses etc. The famously known re-
ported diseases caused by fungi are red rot by Physalospora 
tucumanesis anamorph; Colletotrichum falcatum, root rot by 
Pythium graminicola, Rhizoctonia sheath and shoot rot by Rhi-
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zoctonia solani, pineapple diseases by Thielaviopsis paradoxa, 
downy mildew by Peronosclerospora sacchari, wilt by Fusarium 
sacchari, rust by Puccinia melanocephala, P. kuehnii, smut by 
Ustilago scitaminea and seedling blight by Alternaria alternata. 
Smut is observed frequently prevailing in the African and South-
east Asian countries [22]. 

Tissue culture studies

Sugarcane with complicated genome of both polyploid and 
aneuploid has a narrow gene pool, long-term selection cycle 
that slow its breeding improvement, making it a genuine candi-
date for plant molecular breeding. With the use of new genetic 
transformation techniques, insertion of insecticidal and herbi-
cide resistant transgenes in the Saccharum germplasm is prac-
ticable for achieving the maximum yield task [23]. Advanced 
scientific techniques kin seed biotechnology exemplified the 
exploitation of desired genes in any crop to modify its genome 
or genetic editing for enhanced characteristics (transformed 
characters), for example, making these crop plants tolerant for 
a latest and highly effectual herbicide and resistant against in-
sect pests.

In vitro callus formation and organogenesis in monocots

A number of studies have confirmed the callus formation 
and regeneration from different cereal crops successfully [24]. 
Embryogenesis is a reliable description of the dictum of plant 
totipotency, hybrid embryos and scutellar tissue, mesocotyl tis-
sues and leaf tissues. Apical meristems. Root tips, inflorescence, 
anthers, pollen and seeds. But anthers and immature embryos 
have been used frequently as an explant source for initiation of 
morphogenic culture in cereal tissue culture [25,26].

Commonly higher amounts of auxin and lower quantities 
of cytokinin are used in the growth media for enhancement of 
callus formation and cell division [27,28]. Normally, synthetic 
2, 4-D as an auxin are in use for the callus formation from the 
explant. In contrast, lower amount auxin plus higher quantities 
of cytokinin added in the medium for shoot developments [29]. 
The use of the Dicamba (3, 6-dichloro-o-anisic acid) in plant tis-
sue culture as a hormone or growth regulator, was considered 
similar in structure to well recognized auxin 2,4-D. Though, a 
higher amount of the Dicamba is suggested for the initiation of 
callus in comparison to the 2,4-D [31]. Significant roles of Thidi-
azuron (TDZ) have been studied in the tissue culturing of the 
dicots especially throughout the in-vitro developmental stages.

Somatic embryogenesis in monocots 

Embryogenic capability, regeneration and through this 
whole plant development are innovative achievements. Several 
experiments faced many limitations regarding tissue culture 
in the cereal crops, presently tissue culture is established in 
the cereal crops through somatic embryogenic capabilities for 
example in maize, in rice, sugarcane, sorghum, wheat, barley 
and tritordeum, and in rye. For the regeneration of complete 
plantlets via somatic embryogenesis specifically in the rye, the 
genotype dependence was not as much of as regarding the 
wheat as well as barley. In rice tissue culturing 2,4-D induced 
the somatic embryogenesis while BAP causes the stimulation of 
shoot induction. It was found from regeneration procedure by 
the formation of the callus with leaf in wheat (Triticum aestivum 
L.), within limited time, earlier induction was reported by add-
ing the BAP in the callus inducing media, but BAP did not show 
any improvement regarding the embryogenic callus and plant 
developments. Desired concentrations of the 2, 4-D, BAP and 

NAA showed parallel regeneration rate to the control.

Specifically, 2,4-D has proved itself an efficient hormone for 
inducing the embryos in the numeral monocots such as sugar-
cane, in wheat, and rye crops. The synthetic coating of growth 
media on embryo produced synthetic seeds [32]. 

Tissue culture studies in sugarcane 

Until 1960, sugarcane varieties were improved via conven-
tional breeding. These techniques depend on locations with 
required weather for flower formation, crossing to improve 
seeds. Baday SJ [33]. studied effects of various hormones for 
callus formation and its culturing. And micro-propagation using 
auxin and cytokinin in basal medium. Other growth hormones 
like IAA, IBA and myoinositol were also studied. 

Comparison between Murashige and Skoog (MS) basal me-
dia and Chu-N6 medium for embryogenic callus formation from 
immature leaves showed a positive increase in embryogenic 
calli from the Saccharum spp. Both media were supplemented 
with 2,4-D for callus initiation. The N6 media gave good results 
by sustaining somatic embryogenic calli and totipotent abilities. 
The addition of growth regulators kinetin along with coconut 
water in callus inducing media inhibits the conversion of somat-
ic cells into embryos. Use of MS medium with 2,4-D (1-4 mg/L 
conc.) and this media with BAP (0.5-2 mg/L range) inducted di-
rect formation of somatic embryos in sugarcane cultivar-CO 671 
and embryogenesis is completed in 12-15 days without callus 
inter-phase. 2 mg/L of 2, 4-D plus 1mg/L BAP in media showed 
good results for callus initiation and maintain its embryonic po-
tential [34]. 

Salokhe [35]. Reported the somatic embryo formation from 
sugarcane leaf rolls on the MS medium enhanced with 2,4-D, 
3mg/L. and observed somaclonal varieties developed through 
regenerated young leave rolls from 2 sugarcane clones viz. BL4 
and AEC 81-S415 on the growth media supported with 2,4-D, 
4mg/L. Shoot induction was studied on a MS medium with 
IAA 2mg/L, IBA 2mg/L along with Kn 2mg/L, while rooting 
was achieved on half strengthened MS media with addition of 
1mg/L IBA. Somatic embryos were studied in sugarcane (CP 84-
1198) callus from young leaf segments on media with 13.6uM 
2,4-D and various growth hormones like BAP, Kn, 2Pi, Zeatin (Z), 
TDZ in presence of 2.5uM NAA to assess calli regeneration po-
tential. Growth medium with 2.5uM TDZ considered good for 
shoot initiation. Effects of organic constituents for in-vitro tissue 
culturing were also studied [36].

Shoot development obtained in the absence of 2, 4-D with 
12 hours light and dark period as well as rooting with the simi-
lar environment. Different phases of embryo growth have been 
presented by histological studies from the sugarcane calli of the 
cultivar H50-7209. Lesser quantities of auxin produced maxi-
mum embryogenesis, though shoot development was observed 
without auxin. Meristematic cells from the apical regions were 
understood better for micro propagation required germplasm 
comparing the callus [37]. 

The development through in vitro micro-propagation con-
cluded lesser plant production through leaves than shoot tip. 
For the sugarcane, similarly like others monocots different 
tissues were used as explant for its tissue culture such as on 
maturity the intermodal parenchymal parts, parenchymal tis-
sue from the shoot apices and the leaf segments of Saccharum 
spp. Comparatively, leaf segments were excellent for the callus 
formation from all the genotypes in sugarcane, however; the 
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explants have no limitations, considering the greenhouse plant-
ings and seasonal dependence [38].

Transformation studies

Genome modification procedures made proficient contribu-
tion through the development of the two controlled dealings 
based on Bacillus thuringiensis or the Bt. genes. One is bio-pes-
ticides through the genetic modification of microbe’s strains. 
Secondly, more effectual scientific way is the insertion of the 
Bt. genes directly as a part of their genome in the desired crop.

Bacillus thuringiensis with insect resistant δ-Endotoxins

From the beginning, the Bacillus Thuringiensis (Bt.) with in-
sect killing toxins received the center of attention with refer-
ence to scientific studies [39]. The foremost bio-pesticide, Bt. 
has rod shape structure, gram positive, facultative anaerobic, 
spore-forming bacteria, their isolation was doing from the dif-
ferent regions globally, most likely from the soil, insects, stored-
product dust, and deciduous and coniferous leaves. 

After the preliminary characterization of Bt., its insecticidal 
capabilities were documented through their Crystal proteins 
named as Insecticidal Crystal Proteins (ICPs), such as Crystal 
(Cry) and Cytolytic (Cyt) proteins, formed as parasporal inclu-
sions during spore production. It is distinctly demonstrated 
that Cry. and Cyt. proteins as toxins act together in a specific 
and synergistic approach in insect’s gut to create toxicity. These 

Figure 1: δ-endotoxin with three domains.

The studied work confirmed the three domains of δ-endotoxin 
and integration in the cell membrane of the gut by creating a 
pore for ions movement. Domain-II showed structure similarity 
with the antigen-binding constituency of the immune-globulins 
with the confirmation that loops in the domain-II affects irre-
versible/ reversible binding through the hydrophobic communi-
cations with the receptor’s molecule. Conclusion showed that a 
toxin may not effectual being receptor’s un-recognition against 
one insect but can be more efficient considering the others. 
Firstly Domain-III generated stability for the protein, however 
later on it was thought that Domain-III B-sandwich as well take 
part in the functions such as receptor binding, particular site 
recognition to end with ion channel gating [42].

Figure 2: Complete way of action projected for toxin or Cry 
proteins

parasporal excretions consist of comparatively high amounts of 
glycoprotein recognized as δ-endotoxins or Cry-toxins. Variabil-
ity in the size of these proteins was observed. The δ- helices of 
the domain-I are commonly inside the cells however their local-
ity is generally exterior to the spore. The production of insect 
toxic proteins and their interaction with the stationary stage 
within the Bt. are controlled through many processes occurring 
during the transcriptional, post transcriptional and post transla-
tion levels. The δ-endotoxins classification was made consider-
ing their insecticidal characters and molecular associations [40]. 

Mode of action of the δ-endotoxins 

Considering the toxins groupings, Cry-I is the principal one 
against lepidopteran, protein sizes are ranging from 130 to 
138KDa and crystal structure is bi-pyramidal parasporal. These 
cry proteins or toxins were dissolved in the alkaline medium 
interior of the midgut by forming a free pro-toxin type. Then, 
trypsin and chymotrypsin like proteases converted these free 
pro-toxins as active toxins inside the gut [41]. Digestion of the 
Cry-lA pro-toxins begins in a progressive mode from C-terminus 
then preceding the toxic core (55-65kDa). Following the pro-
cessing period, the C-terminal is recessively concise in the sec-
tions of 10 KDa. The active Cry-proteins allocated two jobs from 
which one receptor binding and second ion channel activity. 
Scientific research considering the δ-endotoxin shape showed 
three domains (Figure 1).

(a) Ingesting and solubilizing phase of the pro-toxin in the 
midgut (b) Proteolytic activation of the toxin at N and C-termini 
(c) Interacting phase of the toxin with binding sites on epithe-
lial membrane (d) conformational change revealing δ 4-5 helical 
hairpin (e) Oligomerization and incorporation in the membrane 
of midgut for making ion channel or pores. By conformational 
change, toxins explained binding with epithelial receptors on 
the midgut. The communication of the toxin with high-affinity 
receptors is considered greatly important which illustrates the 
insecticidal uniqueness of these Bt. toxins (Figure 2). Finally, this 
binding of toxins or toxic proteins provides stimulation for the 
pore development by the epithelial membranes in the insect’s 
midgut. Conclusions in pH can be also a reason to modify the 
δ-helices/domain-I structural change ultimately influence the 
pore formation capability in the δ- endotoxin [43].
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Transformation and genetic modification of sugarcane

The incorporation of desirable traits in the best cultivars of 
sugarcane would be of huge importance, however it’s compli-
cated genotypes and highly polyploidy 28 (2n-36-170) made 
conventional breeding and genome scientific research stud-
ies difficult. Genetic engineering procedure advantaged to 
solve these difficulties. Genetic modification in sugarcane has 
been possible from the protoplast transformation via PEG 
then through electro-proration. The transformation potential 
comparison was made among the commercially important 
12-cultivars of sugarcane, by transforming pDP687 (Poineer Hi-
Bred International Inc.) contained two anthocyanin transcrip-
tional activators, coated on tungsten micro-projectile particles 
(M17, Bio-Rad Laboratories CA). pDP687 was transformed in 
the plants, no harm or disadvantage in the form of cells death 
was observed. Among sugarcane cultivars, NC0310 along with 
NC0367 provided better results considering the anthocyanin 
protein expression. Being a natural host, dicot plants are con-
sidered best for transformation via A. tumefaciens in contrast 
to monocotyledons [44]. 

Expression vector known as pGT GUSBAR, binary construct, 
transformed in the Agrobacterium tumefaciens through direct 
transformation method. For these four individual methods, 
each one studied with hundred explants. Maximum transfor-
mation efficiency was observed in treatment-A during which 
co-culturing and post co-culturing was experimented with solid 
media. Field trials were made to check the herbicide resistant 
transformed plants through the application of BASTA spray. To 
confirm the integration of transgenes many molecular tech-
niques were used including Polymerase Chain reaction, South-
ern, Northern and Western blot. From transformation studies 
with Saccharum varieties Ja60-5 and B4362 through A. tume-
faciens consisted of the binary expression vector pGT GUSBAR 
evaluation was done considering the effects of three antioxi-
dant compounds, ascorbic acid, cysteine and silver nitrate on 
the cellular viability of meristematic cells along with A. tume-
faciens. Conclusion confirmed the improvement in transforma-
tion efficiency by antinarcotic pretreatment in the monocotyle-
dons [45]. 

The callus suspension cells and electroporation of protoplast 
showed probability of transgenic calli. For these experiments, 
suspension cells from 3-days older cultures were selected for 
bombardment of pBARGUS expression constructs. Southern hy-
bridization and PAT activity were carried out to confirm integra-
tion, however, no transformants were obtained. Transformation 
efficiency from this study was as low as in wheat on making 
comparison studies [46].

Several heterogeneous promoters were constructed to 
strengthen the transgene expression but post-transcriptional 
genes silencing resulted even in young transformants of mono-
cotyledon. Maize Ubiquitin-I was highly recommended for the 
sustainable protein expression. The expression vector pMon 
19344 contained the two gene sequences nptII and Cry1Ac. The 
gene expression was studied with the insect larvae of Elasmo-
palpus lignosellus (zeller), the LCB. Conclusion showed that Bt. 
transgenes hold good potential against the LCB and in selecting 
the resistant sugarcane varieties [47]. From the maize, anthocy-
anin regulatory regions R and C were used for study of transient 
expression and higher helium pressure to bombard the plasmid 
coated micro particles increased the transient expression [48]. 
These higher levels of expression adversely shorten the height 
of the transgenic plants, even not a single plant with this an-

thocyanin expression showed more than 3cm in height. From 
a study on transformation in 12 commercially available sugar-
canes (Saccharum spp. hybrids) cultivars, used expression con-
struct pDp687 (Pioneer Hi-Bred International) coated on tung-
sten micro-projectile (M17, Bio-Rad Laboratories CA). Particle 
flow gun delivered plasmid construct coated on particles to the 
embryogenic callus. Sugarcane cultivars NCo310 and NCo376 
resulted in more positive response while N20 expressed no 
transgene protein [49]. 

The herbicide tolerant sugarcane variety NC0310 through 
the micro-projectile DNA delivery construct pAHC20 consisted 
with bar sequences under maize Ubiquitin promoter (Ubi-10) 
were transformed. A comparison was made between the plas-
mid coated gold and tungsten particles. No significant difference 
was observed. Transformation of the construct pMON19344 
contained the nptII and CrylAc genes in three cultivars H62-
4671, 1173- 6110 and1178-4153 was done through the gene 
gun method and transformed lines were obtained. They were 
subjected for bioassay analysis with insect larvae. Comparisons 
between calli and leaf bioassay showed low insect mortality 
percentages on the transgenic leaf. It was also confirmed that 
1-5 copies of the integrated genes existed in transgenic plants. 
The ten sugarcane cultivars were used to check the more ap-
propriate one. South African cultivar NCo310 considered as 
a standard for this experiment. Expression constructs trans-
formed named as P1-contained maize anthocyanin gene, P2 
contained the nptII and P3 contained the Eldana succharina, 
(Lepidoptera: Pyralidae) resistant transgene CERD and P4 con-
tained sequences of nptII and ERI. After transformation of Pl-
construct, genotype differences were observed among callus of 
all cultivars. Higher transient expression was in bombardment 
with P2, P3, and P4. Transgenic callus with P4 construct has a 
smaller number of plants such as 1 plant in N12, 5 plants in N12 
and 12 N19 [50]. 

Two resistant cultivars SP80-3280 and SP80-1842 of Brazilian 
commercial sugarcane against the cane borer were developed. 
Three expression vectors individually constructed with genes 
and co-transformed through gene gun method. (a) Expression 
vector pC1B4421 constructed with Cry1Ab under maize PEP-C 
(b) plasmid vector pCIB4426 constructed with Cry1Ab under 
pith promoter (c) vector pHA9 constructed with neo sequenc-
es. Evaluation made on the basis of insect mortality through 
leaf bioassays, phenotypic or agronomic traits and yield char-
acters. Conclusion confirmed effective toxins production and 
developed resistance against insect borers observed during the 
field study. Many crops with these improved characters are now 
commercially available for example soybean, corn and cotton.

Earlier reported research evidently proved that sugarcane 
modified with Cry1Ac is good approach for advancing the traits 
[21]. Shoot borer Chilo infuscatellus commonly damaged the 
crop plants at earlier phases of their growth in the field and 
ultimately concluded in higher yield reduction. Mostly shoot 
borer Chilo infuscatellus attacked the crop in dry hot time pe-
riods. The crop yielded losses by a decrease in the cane weight 
19.63% and 1.72–8.02% sugar recovery. Expression plasmid 
constructed with Cry1Ac and bar sequences was transformed 
by gene gun method in FN15 Varie. The transformed plants 
were screened first by adding the Phosphinothricin and Basta in 
the growth medium and then PCR. Fourteen transformed lines 
were recovered. Results confirmed that transgenic lines with 
low copy number produced maximum expression for the stem 
borer. Insect larvae death occurred on stem parts with symp-
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toms of Cry protein toxicity. Transgenic lines contained double 
Bt. transgenes Cry1Ac plus Cry2A were better when compared 
with the non-transformant. It’s concluded that transgenic lines 
were constantly resisted by insect attacks. During five years of 
field study, eight generations were studied with the confirma-
tion and production of stably expressed transgenes in the form 
of insect toxin. Gene sequences of Cry1ac and Cry2a showed 
less than 45% homology. Making comparison between the two 
genes, Cry2A protein expression critically performed for the 
death of diptera and lepidopteran borers as well. 

The expression of the toxic protein (Cry2A) was formed by 
using an artificial diet and experimenting with lepidopteran 
borers, also, biochemical analysis gave the confirmations that 
Cry2A and Cry1Ac did not share the same binding sites in the 
insect’s gut. Many scientific research studies already confirmed 
that toxins form both transgenes is highly effective against the 
insects (Bakhsh et al. [51]; Latif et al. [16]; Qamar et al. [52]. 
Bakhsh et al. [53]. Showed variability in the protein expres-
sions of the two transformed genes Cry1Ac and Cry2A consider-
ing the time intervals and concluded that expressions of these 
transgenes decrease with the aging of the transformed plants 
of the similar variety.

Monocot transformation 

Monocotyledons are considered the most difficult genome 
as genetic exploitation of the monocots in agronomical cereal 
grains most of the time are not possible via Ti-plasmid-mediat-
ed transformation procedure. Firstly, that was just because of 
the particular and restricted host choices of Agrobacterium to 
deliver the desired gene. Secondarily, death of the cells on the 
wounded spot compared with plants of other crops that were 
genetically manipulated with this type of infection. Substitute 
methods were implemented to make monocots genetically 
modified. At first, gene was delivered by electroporation, next 
by polyethylene glycol induction, and then via micro-injection. 
Afterward on, for intact tissues techniques i.e. electroporation 
procedure, direct delivery of the gene in the protoplast and tis-
sues, with Cry1Ab into the callus, via Silicon Carbide Fiber tech-
nique in the suspension culture. Biolistic procedure in the corn 
plants, also pioneer studied the genetic modification through 
the bombardment method. After the establishment of this pro-
tocol, numerous DNA labeled particles delivery method in the 
monocotyledons such as the corn, rice as well as wheat, etc. [54].

Generally, resistant sequences or selection markers are de-
veloped that hindered the development of the non-transgenics 
and develop resistance for antibiotics to stop the expansion of 
the cells other than transformed. Selection marker genes limit 
the duration of screening from transformed crops. These selec-
tion sequences were transformed either separately through an 
independent vector or constructed already within the expres-
sion construct along with the desired specific genes to transform 
the genome. It was 100% for transformation and 50% for other 
constructs. Commonly, expression was made through the con-
stitutively promoters e.g. Cauliflower Mosaic Virus (CaMV35S), 
Ubiquitin, actin etc. Selection marker genes provide resistance 
against antibiotics e.g. kanamycin, aminoglycosides, geneticin, 
paromomycin, sat3 gene sequences against streptornycin, oth-
er examples can be to facilitate agronomic traits or to save crop 
production e.g., for herbicide tolerance [55]. 

The screened resistant sorghum plants were reported by 
expressing the Hygromycin (hph) plus kanamycin (nptII) genes 
through their concentration optimizations in growth medium. 

From this experiment though the gene gun method trans-
formed plants were proficiently regenerated. Further, other 
genes named reporter genes differentiates between the trans-
formed and non-transformed tissues exclusive death of non-
transgenics [56]. 

Innovating ideas were made to control the expression of pro-
teins in the transgenics. Up till now, transformation with numer-
ous stacked sequences in a single crop is a difficult task. Very 
few commercially available transgenic crops consisted with the 
stacked/ pyramided traits.

Obviously, these reporter genes contribute for screening 
the transgenics even during tissue culturing period. Among the 
nominated sequences as reporter genes, uidA gave efficiently 
transient expression which remained stable in several crop 
plants. To make rapid screenings and visual expression among 
transgenic and non-transgenics GUS considered the best mark-
er. Various reporter transgenes expressed in the differentiating 
proteins which on a few treatments will express in transgenics. 
For example, the GUS transformed tissues when treated with 
enzymatic substrate developed the bluish green color. Com-
monly, uidA used in plant transformations as a reporter trans-
gene with respect to protein expression analysis. GUS visualiza-
tion is simple, enzymes denaturation is little difficult with stable 
precipitate [57]. 

Lentz et al. [58]. Recommended genetically modified viruses 
to ensure the GUS was transformed and expressed. Maximum 
enhancement in the bluish green stains was studied. Sev-
eral gene sequences for example encoding β-Ghucorosidase, 
β-Calaclosidase and nos were reported for the genome trans-
formation considered as the reporter transgenes. Although, 
gene gun protocol was made that still faced challenges to attain 
maximum results. One of the reasons is incompetence as well 
as lower regeneration percentage. Müller et al. [59]. reported 
that maximum protein expression from the transformed genes 
was observed within the transgenic cells following coated DNA 
delivery by adding the 0.25 M mannitol in the growth medi-
um before and after transformation with gene gun procedure, 
use silver thiosulphate instead of calcium chloride and exclude 
spermidine during the DNA coating on the micro-particles. Vari-
ous factors made their contributes to sequencing, silencing and 
optimization are used for selection and regeneration.

Luo et al. [60]. Through micro-projectile DNA delivery tech-
nique successfully achieved stable expression in the Sorghum 
vulgare. Transformants containing the desired genes or ex-
pression vector were observed through Gel blot analyses. Rye, 
through comparisons, showed less positive for the regenera-
tion. Liu et al. [61]. Studied rye and produced the fertile trans-
genics through the Biolistic method; molecular analyses gave 
confirmation for the uidA and bar expressions with Mendelian 
transmission in the progenies. Likewise, fertile, oat transfor-
mants were achieved by the Fatmawati [62] via bombardment 
in embryogenic oat callus with a construct encoding the bar 
and uidA transgenes. From these three independent transgen-
ics of hygromycin phosphotransferase (hpt) were achieved. 
Makkar et al. [63], studies showed two derivational functional 
transformed varieties of the rice Basmati 370 and M7. Trans-
formation was made through the Biolistic method on 6-days 
aged calli resulting from the scutella of matured seeds, with the 
expression construct pROB5 contained with synthesized Cry-2A 
Bt. gene along with hpt. coded sequence co-transformed with 
pWRG1515 consisted of GUS (uidA) and hygromycin resistant 
sequences. Both, the genes were individually constructed with 
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CaMV35S promoter plus NOS terminator. Transgenics were ob-
tained on the selection media added with hygromycin, plantlets 
transferred under the house conditions in the soil pots, subse-
quently transgenes were verified through molecular analyses in 
transgenics such as Southern Blot for the integrated genes. 

Conclusions

Sugarcane (Saccharum officinarum L.) is an important cash 
crop. As a result, lepidopteran insects damaging the sugarcane 
crop is a significant problem, causing more than 30% loss with 
reference to yield globally. Sugarcane is commonly grown in 
rainy areas, so it typically experiences weed infestation and 
provokes yield lost as well. Although a number of studies re-
ported the successful introduction of Bt. genes in sugarcane 
against lepidopteran insects however, using PAT/bar genes and 
developed resistant plants for glufosinate-ammonium, current-
ly, no study is available which introduced the Bt. genes such as 
Cry1Ac, Cry2A and glyphosate tolerance gene (GT-gene) alto-
gether in sugarcane for commercial purposes. There is a need to 
develop sugarcane varieties resistant to insects and weedicides.

References

1.	 Petrasovits LA, McQualter RB, Gebbie LK, Blackman DM, Nielsen 
LK. et al. Chemical inhibition of acetyl coenzyme A carboxylase 
as a strategy to increase polyhydroxybutyrate yields in transgen-
ic sugarcane. Plant Biotechnology Journal. 2013; 11: 1146-1151.

2.	 Raghavi S, Sindhu R, Binod P, Gnansounou E, Pandey A. Develop-
ment of a novel sequential pretreatment strategy for the pro-
duction of bioethanol from sugarcane trash. Bioresource Tech-
nology. 2015; 199: 202-210. 

3.	 Zhang M, Zhuo X, Wang J, Wu Y, Yao W, et al. Effective selection 
and regeneration of transgenic sugarcane plants using positive 
selection system. In Vitro Cellular & Developmental Biology-
Plant. 2015a; 1: 52-61.

4.	 Moore PH, Paterson AH, Tew T. Sugarcane: The Crop, the Plant, 
and Domestication. Sugarcane: Physiology, Biochemistry, and 
Functional Biology. First Edition. Wiley Blackwell. Ames, Iowa, 
USA. 2013; 1-17.

5.	 Weng LX, Deng HH, Xu JL, Li Q, Zhang YQ, et al. Transgenic sug-
arcane plants expressing high levels of modified Cry1Ac provide 
effective control against stem borers in field trials. Transgenic 
Research. 2011; 20: 759-772.

6.	 Joyce P, Hermann S, O’Connell A, Dinh Q, Shumbe L, et al. Field 
performance of transgenic sugarcane produced using Agrobac-
terium and biolistics methods. Plant Biotechnology Journal. 
2014; 12: 411-424.

7.	 James C. Global status of commercialized biotech/GM crops: 
International Service for the Acquisition of Agri-Biotech Applica-
tions (ISAAA) Ithaca. 2010. 

8.	 Poovaiah CR, Bewg WP, Lan W, Ralph J, Coleman HD. Sugarcane 
transgenics expressing MYB transcription factors show improved 
glucose release. Biotechnology for Biofuels. 2016l; 9: 143.

9.	 Windiyani IP, Mahfut M. Genetic diversity of sugarcane (Saccha-
rum Officinarum L.) based on morphological characters. Tropical 
Genetics. 2021; 1: 1-5.

10.	 Singh RB, Mahenderakar MD, Jugran AK, Singh RK, Srivastava RK. 
Assessing genetic diversity and population structure of sugar-
cane cultivars, progenitor species and genera using microsatel-
lite (SSR) markers. Gene. 2020; 753; 144800.

11.	 Souza GM, Berges H, Bocs S, Casu R, D’Hont A, et al. The sugar-
cane genome challenge: strategies for sequencing a highly com-

plex genome. Tropical Plant Biology. 2011; 4: 145-156.

12.	 FAOSTAT. Crop Production Data, Food and Agriculture Organiza-
tion of the United Nations. ROME. 2014.

13.	 Ahmad B, Yunxian Y. Enhancement of Sugarcane Production by 
Counteracting the Adverse Effects of Climate Change in Sindh 
Province, Pakistan. Authorea Preprints. 2020.

14.	 Netafim. Sugar Cane Success Story. Philippines. 2010.

15.	 Ahmad S, Saleem S, Zubair M, Khalil IA, Sohil K, et al. Farmer’ re-
sponse and yield response of sugercane in Jhang and Sargodha 
districts. Sarhad Journal of Agriculture. 2012; 28: 237-243.

16.	 Latif A, Rao AQ, Khan MAU, Shahid N, Bajwa KS, et al. BMC Re-
search Notes. 2015; 8: 453.

17.	 Da Cunha Borges Filho R, Sturza VS, Bernardi D, da Cunha US, 
Pinto AS. et al. Population dynamics of pests and natural en-
emies on sugar cane grown in a subtropical region of Brazil. 
Florida Entomologist. 2019; 102: 526-530.

18.	 Rossato JA, Fernandes DS, Mutton OA, Higley MJRLG, Madaleno 
LL. Sugarcane response to two biotic stressors: Diatraea sacch-
aralis and Mahanarva fimbriolata. Proceedings of International 
Societ of SugCane Technologist. 2010; 27: 1-5.

19.	 Singh SK. Biology of sugarcane aphid (Ceratovacuna lanigera) 
upon selected sugarcane host plants. Research Journal of Sci-
ence and Technology. 2018; 10: 140-144.

20.	 Ricaud C, Egan BT, Gillaspie AG, Hughes CG. Diseases of sugar-
cane: major diseases. Elsevier. 2012.

21.	 Srikanth J, Kurup NK. Damage pattern of sugarcane internode 
borer Chilo sacchariphagus indicus (Kapur) in Tamil Nadu State, 
Southern India. International Sugar Journal. 2011; 1352: 590-
594.

22.	 Sengar RS, Sengar K, Garg SK. Biotechnological approaches for 
high sugarcane yield. Plant sciences feed. 2011; 1: 101-111.

23.	 Hamza TA, Alebjo AL. Sugarcane (Saccharum officinarum L) tis-
sue culture in Ethiopia: Opportunities for Ethiopia’s sugar indus-
tries. International Journal of Scientific & Technology Research. 
2017; 6: 398-406.

24.	 Hofmann NR. A breakthrough in monocot transformation meth-
ods. 2016.

25.	 Praveena M, Giri CC. Plant regeneration from immature inflores-
cence derived callus cultures of salt tolerant kallar grass (Lepto-
chloa fusca L.) Pysiology and Molecular Biology of Plants. 2012; 
18: 345-356.

26.	 Loyola-Vargas VM, Ochoa-Alejo N. Somatic embryogenesis. An 
overview. Somatic embryogenesis: fundamental aspects and ap-
plications. 2016; 1-8.

27.	 Jahangir GZ, Nasir IA, Sial RA, Javid MA, Tayyab Husnain. Various 
Hormonal Supplementations Activate Sugarcane Regeneration 
In-Vitro.Jounal of Agriculture Science. 2010; 2: 231-237.

28.	 Nasir IA, Jahangir GZ, Qamar Z, Rahman Z, Husnain T. Maintain-
ing the regeneration potential of sugarcane callus for longer 
span. African Journal of Agricultural Research. 2011; 6: 113-119. 

29.	 Busi R, Goggin DE, Heap IM, Horak MJ, Jugulam M, et al. Weed 
resistance to synthetic auxin herbicides. Pest management sci-
ence. 2018; 74: 2265-2276.

30.	  Busi R, Goggin DE, Heap IM, Horak MJ, Jugulam M, et al. Weed 
resistance to synthetic auxin herbicides. Pest management sci-
ence. 2018; 74: 2265-2276.

31.	  Kushniruk AV. Investigation of conditions for determination of 3, 



MedDocs Publishers

8Journal of Plant Biology and Crop Research

6-dichloro-2-methoxybenzoic acid. 2021.

32.	 Qamar Z, Nasir IA, Husnain T. In-vitro development of Cauli-
flower synthetic seeds and conversion to plantlets. Adv. life sci. 
2014; 1: 104-111.

33.	 Baday SJ. Sugarcane of Rapid Multiplication by Callogenesis. 
In Journal of Physics: Conference Series. IOP Publishing. 2020; 
1660: 012005.

34.	 Jamil S, Shahzad R, Talha GM, Sakhawat G, Sultana R, et al. Opti-
mization of protocols for in vitro regeneration of sugarcane (Sac-
charum officinarum). International Journal of Agronomy. 2017.

35.	 Salokhe S. Development of an efficient protocol for tissue cul-
ture of sugarcane. Plant cell biotechnology and molecular biol-
ogy. 2021; 9-21.

36.	 Espinosa-Leal CA, Puente-Garza CA, García-Lara S. In vitro plant 
tissue culture: means for production of biological active com-
pounds. Planta. 2018; 248: 1-18.

37.	 Ajadi A, Ehirim BO, Ishaq MN, Isah A, Isong A, et al. Regenera-
tion of industrial sugarcane using in-vitro plant apical meristem. 
Electronic Journal of Plant Breeding. 2018; 9: 1342-1347.

38.	 Martínez-Estrada E, Caamal-Velázquez JH, Salinas-Ruíz J, Bello-
Bello JJ. Assessment of somaclonal variation during sugarcane 
micropropagation in temporary immersion bioreactors by inter-
simple sequence repeat (ISSR) markers. In Vitro Cellular & De-
velopmental Biology-Plant. 2017; 53: 553-560.

39.	 Ibrahim MA, Griko N, Junker M, Bulla LA. Bacillus thuringiensis: 
A genomics and proteomics perspective. BioengineeredBugs. 
2010; 1: 31-50.

40.	 Islam N, Laksana C, Chanprame S. Agrobacterium-mediated 
transformation and expression of Bt gene in transgenic sug-
arcane. Journal of ISSAAS (International Society for Southeast 
Asian Agricultural Sciences). 2016; 22: 84-95.

41.	 Sujayanand GK, Akram M, Konda A, Nigam A, Bhat S, et al. Dis-
tribution and toxicity of Bacillus thuringiensis (Berliner) strains 
from different crop rhizosphere in Indo-Gangetic plains against 
polyphagous lepidopteran pests. International Journal of Tropi-
cal Insect Science. 2021; 1-19.

42.	 Barkad MA, Bayraktar A, Doruk T, Tunca S. Effect of lon Protease 
Overexpression on Endotoxin Production and Stress Resistance in 
Bacillus thuringiensis. Current Microbiology. 2021; 78: 3483-3493.

43.	 Bourchookarn W, Bourchookarn A, Imtong C, Li HC, Angsuthana-
sombat C. His180 in the pore-lining α4 of the Bacillus thuringi-
ensis Cry4Aa δ-endotoxin is crucial for structural arrangements 
of the α4-α5 transmembrane hairpin and hence biotoxicity. 
Biochimica et Biophysica Acta (BBA)-Proteins and Proteomics. 
2021; 1869: 140634.

44.	 Wilson BE, White WH, Richard RT, Johnson RM. Evaluation of 
sugarcane borer, Diatraea saccharalis, resistance among com-
mercial and experimental cultivars in the Louisiana sugarcane 
cultivar development program. Internat. Sugar J. 2021; 3: 1-8.

45.	 Upadhyaya NM, Mago R, Panwar V, Hewitt T, Luo M, et al. Ge-
nomics accelerated isolation of a new stem rust avirulence 
gene–wheat resistance gene pair. Nature Plants. 2021; 1-9.

46.	 Babu KH, Devarumath RM, Thorat AS, Nalavade VM, Saindane 
M, et al. Sugarcane transgenics: Developments and opportuni-
ties. In Genetically modified crops. Springer, Singapore. 2021; 
241-265.

47.	 Pavlova OA, Leppyanen IV, Kustova DV, Bovin AD, Dolgikh EA. 
Phylogenetic and structural analysis of annexins in pea (Pisum 
sativum L.) and their role in legume-rhizobial symbiosis develop-

ment. Vavilov Journal of Genetics and Breeding. 2021; 25: 502.

48.	 Wang Q, Wang Y, Sun H, Sun L, Zhang L. Transposon-induced 
methylation of the RsMYB1 promoter disturbs anthocyanin ac-
cumulation in red-fleshed radish. Journal of experimental bota-
ny. 2020; 71: 2537-2550.

49.	 Zhou M. History and Current Status of Sugarcane Breeding, 
Germplasm Development and Supporting Molecular Research 
in South Africa. Sugar Tech. 2021; 1-11.

50.	 Vennila A, Durai AA, Palaniswami C. Herbicide Tolerance of Sug-
arcane Genotypes to Post-emergence Application of Halosulfu-
ron Methyl and Metribuzin: An Inadvertent Preliminary Assess-
ment. Sugar Tech. 2021; 1-11.

51.	 Bakhsh A, Rao AQ, Shahid AA, Husnain T, Riazuddin S. Insect 
resistance and risk assessment studies in advance lines of Bt. 
cotton Harboring Cry1Ac and Cry2A Genes. American-Eurasian 
Journal of Agriculture & Environmental Science. 2009; 1: 01-11.

52.	 Qamar Z, Riaz S, Nasir IA, Ali Q, Husnain T. Transformation and 
transgenic expression studies of glyphosate and cane borer re-
sistance genes in sugarcane (Saccharum officinarum L.). Molec-
ular Plant Breeding. 2015a; 12: 1-17. 

53.	 Bakhsh A, Rao AQ, Shahid AA, HusnainT. Spatio temporal ex-
pression pattern of an insecticidal gene (Cry2A) in transgenic 
cotton lines. Notulae Scientia Biologicae. 2012; 4: 115-119.

54.	 López-Meyer M, Maldonado-Mendoza IE, Nessler CL. Transfor-
mation. In Plant Tissue Culture Concepts and Laboratory Exer-
cises. Routledge. 2018; 297-303.

55.	 Arora S, Steuernagel B, Gaurav K, Chandramohan S, Long Y, et al. 
Resistance gene cloning from a wild crop relative by sequence 
capture and association genetics. Nature biotechnology. 2019; 
37: 139-143.

56.	 Mrema E, Shimelis H, Laing M, Bucheyeki T. Screening of sor-
ghum genotypes for resistance to Striga hermonthica and S. asi-
atica and compatibility with Fusarium oxysporum f. sp. strigae. 
Acta Agriculturae Scandinavica, Section B-Soil & Plant Science. 
2017; 67: 395-404.

57.	 Gao SJ, Damaj MB, Park JW, Wu XB, Sun SR, et al. A novel Sug-
arcane bacilliform virus promoter confers gene expression pref-
erentially in the vascular bundle and storage parenchyma of the 
sugarcane culm. Biotechnology for biofuels. 2017; 10: 1-14.

58.	 Lentz EM, Kuon JE, Alder A, Mangel N, Zainuddin IM, et al. Cas-
sava geminivirus agroclones for virus-induced gene silencing in 
cassava leaves and roots. Plant Methods. 2018; 14: 1-9.

59.	 Müller K, Dobrev PI, Pěnčík A, Hošek P, Vondráková Z, et al. DIOX-
YGENASE FOR AUXIN OXIDATION 1 catalyzes the oxidation of IAA 
amino acid conjugates. Plant Physiology. 2021; 187: 103-115.

60.	 Luo Y, Wang F, Mu X, Kang Z, Gao H, et al. Optimization of tran-
sient expression of GUS after DNA delivery into wheat calli and 
leaves. Journal of Biotech Research. 2019; 10: 50-58.

61.	 Liu J, Wang Y, Wang Z, Hao Y, Bai W, et al. 5‐Heptadecylresor-
cinol, a Biomarker for Whole Grain Rye Consumption, Amelio-
rates Cognitive Impairments and Neuroinflammation in APP/PS1 
Transgenic Mice. Molecular nutrition & food research. 2020; 64: 
1901218.

62.	 Fatmawati A. Development of functional genomic resources in 
oat for identification of genes associated with beta-glucan (Doc-
toral dissertation, McGill University (Canada)). 2021.

63.	 Makkar GS, Bentur JS. Breeding for stem borer and gall midge 
resistance in rice. In Breeding Insect Resistant Crops for Sustain-
able Agriculture. Springer, Singapore. 2017; 323-352.


