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Due to higher amount of sucrose, sugarcane is grown commercially. In order to save sucrose yields, various studies
have been designed to develop resistance in sugarcane against weeds and stemborers. In this study, two problems
had been addressed by genetic manipulation of sugarcane to make them resistant against both herbicides and
insects by expressing glyphosate resistant gene (CEMB-GTGene) and borer resistant genes (CEMB-CrylAc and
CEMB-Cry2A) under control of Nos terminator and maize ubiquitin promoter. Mortality percentage of shoot borers
Chilo infuscatellus was determined by assessing the Cry proteins through insect Bio-toxicity assays. Results showed
that in 80 days old transgenic plants, 100% mortality rates of Chilo infuscatellus have been found showing that there
was high resistance in transgenic sugarcanes against shoot borers and sufficient gene expression to fully resist target
pests. Weed management was done by glyphosate spray assays. 70%-76% of the transgenic plants were identified
to be glyphosate resistant (3000 ml/Ha) in V, generation while 100% tolerant in V, generation. Thus, this transgenic
sugarcane will help to boost sugarcane yield in the country as it now successfully provides resistance against both

stemborers and glyphosate herbicides.
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INTRODUCTION

Sugarcane is considered to be the world’s significant cash
crop asitis being cultivated around the globe in 58 countries (Yao
etal., 2017). 26.9 million hectares of area is used for sugarcane
cultivation worldwide (Mayavan et al., 2015). 80% of world’s
sugar need is fulfilled by sugarcane via chemically synthesized
sweetener known as sucrose (Gao et al., 2016). A wide range of
products are obtained from sugarcane like chemicals, biofuels,
fibers, paper, beverages, detergents, insecticides, industrial
enzymes, plastics, paints, pharmaceutical products, synthetics,
chipboard and industrial chemicals like dextran, furfural and
alcohol (Raghavi et al., 2016). Sugarcane contributes to 0.7%
GDP and 3.4% of agriculture sector and is cultivated on ~1.3
million hectare area in Pakistan (Farooq, 2015). 37% of the
agriculture production in Pakistan is lost out of which 13%
is because of insects (Butt et al., 2016). Sugarcane crop is
destroyed by ~1300 insect pests all over the world and by 61
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insect species in Pakistan (Long et al., 1972). In Pakistan, 15%-
36% of sugarcane yield is lost due to stemborers, 10%-20% by
root-borers and 10%-15% by top-borers (Bhatti et al., 2008).
Main objective of this study to prevent yield loss by making
sugarcane resistant against stemborers and herbicides.

MATERIALS AND METHODS

A gene cassette was designed that contains herbicides
and stemborers resistant genes i.e. CEMB-GTGene, CEMB-
CrylAc and CEMB-Cry24 under control of Nos terminator and
maize ubiquitin promoter. These constructs pCEMB-SGTG
and pCEMB-SC12 were introduced via electroporation into
the Agrobacterium cells (Qamar et al., 2015). Colony PCR was
performed to confirmed gene transformation via gene specific
primers. 8-10 weeks old leaves of tobacco plants were co-
cultured with agrobacterium to induce agrobacterium mediated
transformation (Bhaskar et al., 2009). Expression of transgenes
was indicated by histochemical detection of the GUS activity
that was used as a reporter using agro infiltrated leaves.



Biolistic transformation method was used for transformation of
transgene in 4 sugarcane varieties i.e. CPF-246, HSF-240, SPF-
234 and SPF-213 (Nasir et al., 2014). During early transgenesis,
transgene expression was determined by performing GUS
assays on young shoots. Presence of transgenes was confirmed
through PCR screening using CEMB-GTGene, CEMB-CrylAc
and CEMB-Cry24 genes specific primers. Stable transgene
integration was determined by performing southern blotting
(Edwards et al., 1991) on PCR positive transformants. CEMB-
GTGene, CEMB-CrylAc and CEMB-Cry24 genes expression
were determined through dipstick assays that were coated
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with the IgG monoclonal antibodies for each gene. These
sticks were dipped in total proteins that were isolated from
the fresh transgenic plants leaves (Qamar et al., 2017). ELISA
was performed to quantify the transgene expressions. Toxicity
effects of CEMB-CrylAc and CEMB-Cry24 endotoxins were
determined by performing leaf biotoxicity assay on the leaves.
CEMB-GTGene expression and activity was confirmed by
spraying glyphosate on the transgenic plants. Comparison
between different lines (control and transgenic) was done
through statistical analysis (Dunnett’s tests, LSD and ANOVA)
(Figure 1).
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Figure 1. The expression of GUS was confirmed by bluish green color under fluorescent microscope.



RESULTS

Restriction of the CEMB-GTGene, CEMB-CrylAc
and CEMB-Cry24 genes generated 1.4 kb, 1.8 kb and 1.9
kb fragments respectively which were then integrated into
expression vector (pPCAMBIA-1301). These constructs were
introduced via electroporation into agrobacterium. PCR
analysis confirmed presence of transgenes. PCR positive
transformants were subjected to agro-filtration using tobacco
leaves in presence of GUS receptor. The expression of GUS was
confirmed by bluish green color under fluorescent microscope.
For sugarcane transformation and tissue culturing, CPF-246,
HSF-240, SPF-234 and SPF-213 varieties of sugarcane were
selected. To obtain maximum embryogenic calli from the
selected varieties, 4 different combinations were used for callus
induction media. Maximum embryogenic calli was observed in
CPF-246 (100%) followed by SPF-213 (90%), SPF-234 (90%)
and HSF-240 (81%). Plasmid constructs were then transferred
to these varieties via biolistic methods. Total of 400 explants
were used for transformation. On single selection media
(kanamycin), 91% of CPF-246, 74% of SPF-234, 70% of SPF-
213 and 45% of HSF-240 survived while on double selection
media (glyphosate and kanamycin), 81% of CPF-246, 40% of
SPF-234, 34% of SPF-213 and 29% of HSF-240 transformed
calli survived. Then after it, GUS assay was performed to screen
the transgenic putative plants. PCR, southern blotting, dipstick
assay and ELISA was performed for transgenic plants at Vo, V1
and V2 generation. Leaf bio-assay was performed to determine
the efficiency of CEMB-GTGene, CEMB-CrylA4c and CEMB-
Cry24 genes.60%-100% mortality rate Chilo infuscattellus was
determined in transgenic leaves. Weed management was done
by glyphosate spray assays. 70%-76% of the transgenic plants
were identified to be glyphosate resistant (3000 ml/Ha) in V1
generation while 100% tolerant in V2 generation.

DISCUSSION

Main objective of crop production is to obtain high yields
even for sugarcane (Ali et al., 2014). Different viruses, drought
stress, weeds and insects are the major constrains for sugarcane
(Thiebaut et al., 2012). Present study aimed to control insects
and weeds through genetic manipulation of sugarcanes. In this
study, for maximum callus regeneration, an efficient procedure
was developed to instill tolerance against glyphosate and cane
borers. For embryogenic callus formation, immature leaves
were found to be excellent explants (Snyman et al., 2006). It
basically strengthens the procedure for gene transformation in
sugarcane (Fitch et al., 2001). From a callus inducing media
with 2,4-D, embryogenic calli were obtained for all 4 varieties
(Nawaz et al., 2013). To enhance potential of embryogenic calli
of sugarcane, it was supplemented with casein (Joyce et al.,
2014). Tissue culture response was observed to critically screen
all 4 varieties (Ali et al., 2015). For genetic modification,
varieties were selected on basis of regeneration response
(Bakhsh et al., 2012). Studies have also disclosed that resistant
against lepidopteran insects were best provided by Cry proteins
(Riaz et al., 2006). Most commonly used herbicide for weed
control is glyphosate which is a broad spectrum herbicide. One
of the main drawbacks of using glyphosate is that along with
weeds and herbs, it also stunts the plant growth thus affecting

its yield (Nawaz et al., 2020). It inhibits formation of EPSPS
enzyme in shikimate pathway which leads to shikimate pathway
being shut down. This inhibits the formation of 3 essential
amino acids i.e. phenylalanine, tyrosine and tryptophan that
humans can’t synthesize and is required from plant source
(Castle et al., 2004). In this study, resistant against glyphosate
and stemborers are provided by introducing CEMB-GTGene,
CEMB-CrylAc and CEMB-Cry24 genes into the sugarcane
varieties. Measuring small amounts of bismuth in

CONCLUSION

In this study, 100% mortality rates of Chilo infuscatellus
have been found in CPF-246 variety showing that there was
high resistant in transgenic sugarcanes against shoot borers
and sufficient gene expression to fully resist target pests. Weed
management was done by glyphosate spray assays. 70%-
76% of the transgenic plants were identified to be glyphosate
resistant (3000 ml/Ha) in V1 generation while 100% tolerant
in V2 generation. This study reported that after approval from
biosafety committee, farmers can use this sugarcane variety
as starting material for cost effective weeds and insect’s
control. More studies should be done to enhance stable Bt.
toxin expression. Glyphosate resistant crops against 5000
ml/Ha were recommended to be successful in controlling all
sugarcane weeds.

REFERENCES

1. Ali, A, Adnan M, Mudassar FA, S Din, Idrees AN,
Tayyab Husnain (2014). Genetically modified foods:
Engineered tomato with extra advantages. Adv life sci.
1: 139-152.

2. Ali, K, Raza G, Mukhtar Z, Mansoor S, Asad S (2015).
Ideal in-vitro culture and selection conditions for
sugarcane genetic transformation. Pakistan J Agri Sci.
52: 1.

3. Bakhsh, A, Abdul QR, Ahmad AS, Tayyab Husnain
(2012). Spatio temporal expression pattern of an
insecticidal gene (cry24) in transgenic cotton lines.
Notulae Scientia Biologicae. 4: 115-119.

4. Bhaskar, PB, Muthusubramanian V, Lei W, Jean-MA,
Jiming J (2009). Agrobacterium-mediated transient
gene expression and silencing: a rapid tool for
functional gene assay in potato. PLoS One 4: e5812.

5. Bhatti, IB, DB Panhwar, GS Unar, M Chohan, N Gujar,
MA Panhwar, MA Unar (2008). Incidence and intensity
of borer complex infestation on different sugarcane
genotypes under agro-climatic conditions of Thatta.
Pak J Sci. 60: 103-106.

6. Butt, SJ, Mudassar FA (2016). Transgenic cotton:
harboring board term resistance against insect and
weeds through Incorporation of CEMB double Bt and
cp4EPSPS genes. Pak J Agri Sci. 53: 501-505.

7. Castle, LA, Daniel LS, Rebecca G, Phillip AP, Yong
HC, SeanB, Hyeon-Je Cho (2004). Discovery and
directed evolution of a glyphosate tolerance gene.
Science. 304: 1151-1154.


https://www.als-journal.com/genetically-modified-foods-tomato-with-extra-advantages/
https://www.als-journal.com/genetically-modified-foods-tomato-with-extra-advantages/
https://www.semanticscholar.org/paper/IDEAL-IN-VITRO-CULTURE-AND-SELECTION-CONDITIONS-FOR-Ali-Raza/609e47747001ea2233303cb8f5bd6d078db14420
https://www.semanticscholar.org/paper/IDEAL-IN-VITRO-CULTURE-AND-SELECTION-CONDITIONS-FOR-Ali-Raza/609e47747001ea2233303cb8f5bd6d078db14420
https://www.notulaebiologicae.ro/index.php/nsb/article/view/8217
https://www.notulaebiologicae.ro/index.php/nsb/article/view/8217
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0005812
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0005812
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0005812
https://www.semanticscholar.org/paper/Incidence-and-intensity-of-borer-complex-on-under-Bhatti-Panhwar/3c2a00a789c295039f8a6e2d2429b69073a40a5b
https://www.semanticscholar.org/paper/Incidence-and-intensity-of-borer-complex-on-under-Bhatti-Panhwar/3c2a00a789c295039f8a6e2d2429b69073a40a5b
https://www.semanticscholar.org/paper/Incidence-and-intensity-of-borer-complex-on-under-Bhatti-Panhwar/3c2a00a789c295039f8a6e2d2429b69073a40a5b
http://escholar.umt.edu.pk:8080/jspui/bitstream/123456789/3441/1/Transgenic cotton Harboring board term resistance against insect and weeds  through Incorporation of CEMB double Bt and cp4EPSPS Genes. .pdf
http://escholar.umt.edu.pk:8080/jspui/bitstream/123456789/3441/1/Transgenic cotton Harboring board term resistance against insect and weeds  through Incorporation of CEMB double Bt and cp4EPSPS Genes. .pdf
http://escholar.umt.edu.pk:8080/jspui/bitstream/123456789/3441/1/Transgenic cotton Harboring board term resistance against insect and weeds  through Incorporation of CEMB double Bt and cp4EPSPS Genes. .pdf
http://escholar.umt.edu.pk:8080/jspui/bitstream/123456789/3441/1/Transgenic cotton Harboring board term resistance against insect and weeds  through Incorporation of CEMB double Bt and cp4EPSPS Genes. .pdf
https://www.science.org/doi/10.1126/science.1096770
https://www.science.org/doi/10.1126/science.1096770

10.

11.

12.

13.

14.

15.

16.

17.

Edwards, KC. Johnstone, C1 Thompson (1991). A
simple and rapid method for the preparation of plant
genomic DNA for PCR analysis. Nucleic Acids Res.
19: 1349.

Farooq, O (2015). Agriculture, economic survey of
Pakistan. Pakistan Bureau of Statistics.

Fitch, M, Axel TL, Ewald K, Paul HM (2001).
Elimination of Sugarcane yellow leaf virus from
infected sugarcane plants by meristem tip culture
visualized by tissue blot immunoassay. Plant Pathology.
50: 676-680.

Gao, S, Yingying Y, Chunfeng W, Jinlong G, Dinggang
Z, Qibin W, Yachun Su, et al (2016). Transgenic
sugarcane with a cryldc gene exhibited better
phenotypic traits and enhanced resistance against
sugarcane borer. PLoS One. 11: ¢0153929.

Joyce P, Scott H, AnthonyOC, Quang D, Leonard S,
Prakash L (2014). Field performance of transgenic
sugarcane produced using Agrobacterium and biolistics
methods. Plant Biotechnology Journal. 12: 411-424.

Long, WH, SD Hensley (1972). Insect pests of sugar
cane. Annual Review of Entomology. 17: 149-176.

Mayavan, S, Kondeti S, Balusamy J, Dorairaj S,
Markandan M, Andy Ganapathi (2015). Agrobacterium-
mediated in planta genetic transformation of sugarcane
setts. Plant Cell Reports. 34: 1835-1848.

Nasir, A, Bushra T, Zahida Q, Muhammad AlJ,
Muhammad T, Abdul MF, Shahid JB, et al (2014).
Herbicide-tolerant sugarcane (Saccharum officinarum
L.) plants: An unconventional method of weed removal.
Turkish Journal of Biology. 38: 439-449.

Nawaz, A, A Haseeb, HA Malik, Q Ali, A Malik (2020).
Genetic association among morphological traits of
Zea mays seedlings under salt stress. Biological and
Clinical Sciences Research Journal. 2020: 1-12.

Nawaz, M, Ihsan U, Naeem I, Muhammad ZI,
Muhammad AJ (2013). Improving in vitro leaf
disk regeneration system of sugarcane (Saccharum
officinarum L.) with concurrent shoot/root induction
from somatic embryos. Turkish Journal of Biology. 37:
726-732.

18.

19.

20.

21.

22.

23.

24.

Qamar, Z, Khadija A, Idrees AN, Abdul MF, Bushra T,
A Qurban, and Arfan A, et al (2015). An overview of
genetic transformation of glyphosate resistant gene in
Zea mays. Nat Sci. 13: 80-90.

Qamar, Z, Saman R, Idrees AN, Qurban A, Tayyab
H (2017). Transformation and evaluation of different
transgenic lines for Glyphosate tolerance and cane
borer resistance genes in sugarcane. Cytology Genetics.
51:401-412.

Raghavi, S, Raveendran S, Parameswaran B, Edgard
G, Ashok P (2016). Development of a novel sequential
pretreatment strategy for the production of bioethanol
from sugarcane trash. Bioresource Technology. 199:
202-210.

Riaz, N, T Husnain, T Fatima, R Makhdoom, K Bashir,
L Masson, and I Altosaar, et al (2006). Development of
Indica Basmati rice harboring two insecticidal genes
for sustainable resistance against lepidopteran insects.
South African Journal of Botany. 72: 217-223.

Snyman, S, J Meyer, JM Richards, N Haricharan,
S Ramgareeb, BI Huckett (2006). Refining the
application of direct embryogenesis in sugarcane:
effect of the developmental phase of leaf disc explants
and the timing of DNA transfer on transformation
efficiency. Plant cell reports. 25: 1016-1023.

Thiebaut, F, Clicia G, Mariana CB, Cristian AR, Milos
T, Laurent F, Robert Am and Adriana SH, et al (2012).
Computational identification and analysis of novel
sugarcane microRNAs. BMC genomics. 13: 1-14.

Yao, W, Miaohong R, Lifang Q, Chuanyu Y, Rukai
C, Baoshan C, Mugqing Zhang. Field performance
of transgenic sugarcane lines resistant to sugarcane
mosaic virus. Frontiers in Plant Science 8 (2017): 104.


https://www.finance.gov.pk/survey/chapters_21/02-Agriculture.pdf
https://www.finance.gov.pk/survey/chapters_21/02-Agriculture.pdf
https://www.semanticscholar.org/paper/Elimination-of-Sugarcane-yellow-leaf-virus-from-by-Fitch-Lehrer/c67190b98434facefd49791a1449add1883c0218
https://www.semanticscholar.org/paper/Elimination-of-Sugarcane-yellow-leaf-virus-from-by-Fitch-Lehrer/c67190b98434facefd49791a1449add1883c0218
https://www.semanticscholar.org/paper/Elimination-of-Sugarcane-yellow-leaf-virus-from-by-Fitch-Lehrer/c67190b98434facefd49791a1449add1883c0218
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0153929
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0153929
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0153929
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0153929
https://onlinelibrary.wiley.com/doi/10.1111/pbi.12148
https://onlinelibrary.wiley.com/doi/10.1111/pbi.12148
https://onlinelibrary.wiley.com/doi/10.1111/pbi.12148
https://www.annualreviews.org/doi/abs/10.1146/annurev.en.17.010172.001053
https://www.annualreviews.org/doi/abs/10.1146/annurev.en.17.010172.001053
https://link.springer.com/article/10.1007/s00299-015-1831-8
https://link.springer.com/article/10.1007/s00299-015-1831-8
https://link.springer.com/article/10.1007/s00299-015-1831-8
https://dergipark.org.tr/en/pub/tbtkbiology/issue/11761/140528
https://dergipark.org.tr/en/pub/tbtkbiology/issue/11761/140528
http://bcsrj.com/ojs/index.php/bcsrj/article/view/21
http://bcsrj.com/ojs/index.php/bcsrj/article/view/21
https://dergipark.org.tr/tr/pub/tbtkbiology/issue/11689/139550
https://dergipark.org.tr/tr/pub/tbtkbiology/issue/11689/139550
https://dergipark.org.tr/tr/pub/tbtkbiology/issue/11689/139550
https://dergipark.org.tr/tr/pub/tbtkbiology/issue/11689/139550
https://www.semanticscholar.org/paper/An-overview-of-genetic-transformation-of-glyphosate-Qamar-Aaliya/7a9ae2046a09c1b05aaafe47aba8d95b56f7ed9c
https://www.semanticscholar.org/paper/An-overview-of-genetic-transformation-of-glyphosate-Qamar-Aaliya/7a9ae2046a09c1b05aaafe47aba8d95b56f7ed9c
https://www.semanticscholar.org/paper/An-overview-of-genetic-transformation-of-glyphosate-Qamar-Aaliya/7a9ae2046a09c1b05aaafe47aba8d95b56f7ed9c
https://link.springer.com/article/10.3103/S0095452717050085
https://link.springer.com/article/10.3103/S0095452717050085
https://link.springer.com/article/10.3103/S0095452717050085
https://www.sciencedirect.com/science/article/abs/pii/S0960852415011682?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0960852415011682?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0960852415011682?via%3Dihub
https://cyberleninka.org/article/n/1272365
https://cyberleninka.org/article/n/1272365
https://cyberleninka.org/article/n/1272365
https://link.springer.com/article/10.1007/s00299-006-0148-z
https://link.springer.com/article/10.1007/s00299-006-0148-z
https://link.springer.com/article/10.1007/s00299-006-0148-z
https://link.springer.com/article/10.1007/s00299-006-0148-z
https://link.springer.com/article/10.1007/s00299-006-0148-z
https://bmcgenomics.biomedcentral.com/articles/10.1186/1471-2164-13-290
https://bmcgenomics.biomedcentral.com/articles/10.1186/1471-2164-13-290
https://www.frontiersin.org/articles/10.3389/fpls.2017.00104/full
https://www.frontiersin.org/articles/10.3389/fpls.2017.00104/full
https://www.frontiersin.org/articles/10.3389/fpls.2017.00104/full

