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SUMMARY
Agriculture has played a prominent role in the history of humankind. With the increasing

population, there is a continuing need to increase food production particularly in the
developing countries of Asia. Pakistan being an agricultural country depends tot on
agricultural output which is considered as backbone of Pakistan economy. Among the

important crops of Pakistan sugarcane ranked at fourth number and a huge sugar industry

of the country' is dependent on annual sugarcane production. Hut the productivity of the

sugarcane crop is severely hampered by attack of pests every year. One of the major

group of insects that attack sugarcane cuitivars belong to insect order l.epidoptera and arc
commonly known as borers. The attack of these borers is traditionally controlled by

chemical insecticides. Moreover classical breeding has also played role in developing
insect resistant cuitivars. Alternatively engineering of sugarcane genome using pest
resistant genes and plant transformation technique is also under consideration for last two
decades and substantial progress has been achieved worldwide.
The present work was conducted to develop an efficient strategy for Diolistic based

transformation of local sugarcane cuitivars to enhance pest resistance, using cry genes of
a locally isolated Bacillus thuringiensis. As the tissue culture is a prerequisite for
transformation procedure thus first an efficient tissue culture system was established for
two selected cuitivars (i.e. HSF-240 and CPF-237). An initial study was conducted to
establish direct somatic embryogenesis. using young spindle leaf roll explants* as somatic
embryos were considered better target for Biolistic based transformation. Murashige and
Skoog (MS) medium supplemented with 2,4-D or picloram at concentration 2-3 mg/L
along with casein hydrolysate (600 mg/L) proved effective for callogcnesis in both

cuitivars. However for somatic embryogenesis MS medium supplemented with 3 mg/L
2,4-D along with 600 mg/L casein hydrolysate proved belter for both cuitivars while MS
medium having picloram (3 mg/L) and casein hydrolysate (600 mg/L) proved effective

only for HSF-240 but not for CPF-237. Overall 2,4-D showed genotype independency as

compared to picloram. Moreover we found that explants obtained from distal part (away

From top; towards base) resulted in high callogcnesis and somatic embryogenesis and
decrease was observed in both callogcnesis as well as somatic embryogenesis frequency
for explants obtained from proximal part (near the lop of plant).
Experiments were also performed to evaluate the role of desiccation (by increasing

gelling agent quantity) in enhancing the somatic embryogenesis potential of the young
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leaf exp lams. The results favoured the recent published reports and calli cultured on
medium solidified with increased agar quantity (12 g/L) produced highest number of the
somatic embryos irrespective of the cultivars.

Experiments conducted for evaluation of auxin dose effect revealed that call! cultured
alternately on MS medium having 3 mg/L 2,4-D and MS medium having 1 m g/L 2.4- D

showed better regeneration potential as compared to call i cultured continuously on MS
medium supplemented with 3 mg/L 2,4'!) when each was shifted to shoot initiation
medium. The best shoot initiation medium consisted of MS basal medium supplemented
with thidiazurem (2 mg/L) followed by medium supplemented with 2,4-D (0.5 mg/L) and

BAP (1 mg/L). However after 2-3 month wc found that iherc

was difference in

length of

shoots and MS medium supplemented with Ihidiazuron (2 mg/L) produced Smaller and
week shoots as compared to shoots produced on medium supplemented with 2,4-15 (0.5
mg/L) and BAP (1 mg/L).

For in vitro root initiation and proliferation, the best response was observed on MS
medium supplemented with NAA (3-4 mg/L) and increased sucrose quantity (60 g/L).

Moreover addition of activated charcoal further enhanced the rooting potential and vigour
of roots in all in vitro grown shoots irrespective of the cultivar. The overall tissue cufture

observations and results revealed that cv, HSF-240 gave better response as compared to
cv. CPF-237.
Experiments were also conducted to optimize the Biolistic conditions using gux reporter
gene and GUS histochemica! assay. The use of 0.75 pg DNA per shot, 1 100 psi rupture
disk and placing the target plate at level three (9 cm), from stopping screen, proved better

combination for maximum transient GUS expression in calli of both cultivate. Moreover
pre-treatment of calli with an osmoticum consisted of 0.2 M sorbitol and 0.4 M mannitol

resulted in enhanced gw.r expression, again irrespective of the cultivar effect. However,

HSF-240 gave better response us compared to CPF-237.
Based on the results of tissue culture and transient expression studies, HSF-240 was

finally selected for transfer of cry2Ac7 gene using optimized Biolistic conditions. Two
constructs Lc. C2Ac7-l-pG0029 and C2Ac7-2-pFGC5!Ml[-|

were made by ligating

crystal insecticidal gene cr}’2Ac'7 into vector pG0029 and pFGC5941[-], reS|Xictively-

DNA fragment, obtained from vector C2Ac7-l-pG0029, harbouring cry2Ac7 expression
cassette as well as npt\\ expression cassette resulted in 1.7% transformation efficiency

with total 38 putative transgenic plants. Molecular characterization (PCR and southern
blotting) revealed that only 8 had integrated gene. RT-PCR analysis confirmed mRNA
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expression in 6 plants while the other two did not exhibit mRNA expression, of the
cry2Ac7 gene, in transgenic plants that could be attributed to transformation associated

gene silencing. The in vitro insect bioassays, conducted using 2nd/3f<1 instar larvae of stem
borer, further proved the toxicity of these 6 transgenic plants.

DNA fragment, obtained from vector C2Ac7-2-pFGC594l(-J, harbouring cry2Ac7
expression cassette as well as nptll expression cassette resulted in 1.82% transformation

efficiency. A total 14 putative transgenic plants were obtained and 5 exhibited gene
integration and mRNA expression through PCR and RT-PCR, respectively. In vitro insect
bioassays revealed that all, except one, transgenic lines have toxicity lo subjected stem
borer larvae.

Overall DNA fragment from vector C2Ac7-2-pFGC5941[-j gave slightly better
transformation efficiency as compared to fragment from C2Ac7-l-pC0Q29 that could be
due to different selection methodologies employed for selection of putative transgenic

plants.
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INTRODUCTION
Sugarcane is a monocot plant widely cultivated for industrial purposes around the globe

especially in the tropical and subtropical regions of the world. The main industrial

product obtained from sugarcane is the white sugar (sucrose) and it is the major crop for
fulfilling world’s sugar demand. Besides sucrose, some by-products are also obtained e.g.
bagasse and molasses. Both of these also have several uses; bagasse is used for power

generation in industrial units, in chipboard/paper industry and for livestock feeding, while

molasses is used for ethanol production that is used in cosmetics, pharmaceutical and
various other industries. More than 70 sugar mills are operating in the country providing
huge employment opportunity to local population and satisfying the sugar demand of the
country'. Furthermore, fresh

sugarcane juice is used for drinking and is also processed by

farmers to produce brown sugar/gur. Hence the crop has high economic value and is one
of the cash crops of many countries like Egypt, Brazil, India, China, USA and Pakistan.

In Pakistan, sugarcane is the fourth important crop after wheat, cotton and rice,
The crop is grown in all four provinces of the country although its flowering is only
possible in certain regions of province Sindh in Pakistan. So mostly, crop is cultivated by
vegetative ways of propagation. The cultivated area for sugarcane in Pakistan was

approximately 1000 thousand hectare (ha) for season 2009-10, while average production

of the season was about 50.0 million tons with yield 523 tons/ha (Economic Survey of
Pakistan. 2009) which is quiet low as compared to world’s average yield (60-65
tonnes/ha). This low yield is due to less know how of farming, less accessibility to farm

machinery, small scale farming, many biotic and abiotic stresses and sudden seasonal
climatic variations. Among the biotic stresses the sugarcane yield is mainly threatened by
attack of bacteria, fungi, viruses and insect pests. Main insect pests of sugarcane include
termites, pyrilla, borers, bugs, white fly, and mites etc. Borers alone are the major pest

group and their share, among insects, to sugarcane damage is about 80% (Kalra and
Sidhu, 1955, Gul, 2007; Gul et al„ 2008). These borers attack at both early and late stages

of development, destroy plant making holes and tunnels in all parts of the plant. Thus the
photosynthesis process is severely affected, food movement becomes short and plant
body further becomes susceptible to other pathogens. Alt these factors ultimately
contribute to plant damage partially or fully depending on the severity of attack (Gupta
and Stngh. 1997; Rana et al., 2007).
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All major species of sugarcane borers are present in Pakistan causing huge damage to our
cullivars, Classically,

chemical insecticides arc used to kill these borers. But complete

control of borers is much difficult due to their distinctive feeding behavior. As the major
damage is not caused by adult insects but by the larvae which mostly reside inside the
tunnels, resultant ly the accessibility of the insecticide used to kill these pests is restricted

and larvae remain protected. Moreover, the heavy use of pesticides created problems likepest resistance, outbreak of secondary pests and environmental pollution. Besides

chemical insecticides, several other approaches arc also being used to control these pests

like earthing-up. timely irrigation, removal of infected plants and release of parasitoids
(Tnciiogmmma sp. and Beauveria basiana). In addition, several groups in the world are

conducting breeding programmes to enhance resistance in sugarcane by cross fertilization

process. But there are certain limitations also associated with this approach as sugarcane
genome, naturally, has very less pest resistance genes (Enriquez-Obregon

el

al„ 1098)

and if few species have; it is very difficult to transfer these traits to other varieties due to

restricted flowering, low fertility rate and largc/complex/highiy aneuploidy genome.
Furthermore, complex environmental and genome interactions make classical breeding
strenuous for this important crop (D’Hont, 2005). Hence, each of these approaches has its

own advantages and disadvantages and no single approach is giving much significant
results in complete eradication of borers especially in large field conditions. Scientists
recommend use of integrated pest management to have effective control over these pests.
With the recent advancement in molecular biology, availability of modem

instruments and progress in genetic transformation technology; it is now possible to
engineer the genome of any organism. Plant transformation has now become a key area of
research and a rational tool for cultivar improvement. We can now manipulate genomes

by silencing endogenous genes or adding foreign genes of our own choice. Many

candidate genes have been identified to confer resistance against insects. In the list are
genes from plants encoding lectins, proteinase inhibitors and a-amylase inhibitors.
Furthermore, genes are also identified from bacterium Bacillus thuringiemis encoding

insecticidal crystal proteins ([CPs/Cry proteins) and vegetative insecticidal proteins
(VIPs), Genes encoding Cry preoteins arc well studied and have been transferred to many
plants alone or in combination with other resistance conferring genes. Genclic
engineering of sugarcane for insect resistance, using cry genes, is also an area under study
by many scientific groups worldwide. Noteworthy progress has been achieved in this
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regard and many transgenic sugarcane cultivars have now been developed showing

increased resistance against insects (Arencibia etalÿ 1997; Ali, 2006; Wcng et ai, 2011).
In one of our laboratories at SBS, the full length cry 6-endotoxin genes were

amplified from locally isolated Bacillus ihuringiensis (Bt.) strains and cloned in T/A
cloning vector and expressed in E.coli host expression system. The sequences of these

genes have been submitted to GenBank. Multiple amino acid sequence alignment of
recombinant Cry proteins exhibited 99% homology with already reported Cry2Ac
proteins. The bioassays revealed that these recombinant Cry2Ac proteins

were toxic

against cotton pest American Bolhvorm, Ilelicoverpa armigera (Saieem, 2008; Saieem
and Shakoori, 2010). Furthermore, experiments were conducted to assess efficacy of

Cry2Ac7 (accession no. AM292031) recombinant protein against sugarcane pests (stem
borer and gurdaspur borer) and the protein proved toxic for both of these insects
(unpublished).

In view of the above constraints as well as existing opportunities, the present work

was conducted with the following objectives:
Development of an efficient sugarcane plant regeneration system amenable

for transformation through Biolistic approach.
Optimization of Biolistic parameters for sugarcane cultivars using gas
reporter gene,

• Construction of plant expression cassettes using cry2Ac7 gene.
Development of an efficient protocol for stable gene (crylAcT) transfer in

sugarcane through Biolistic approach.

Selection and regeneration of transgenic sugarcane.

•

Molecular characterization of the transgenic sugarcane plants.

Thus it is expected that study will be an addition in our current knowledge about
sugarcane tissue culture and transformation, through Biolistic, especially for indigenous
cultivars. Moreover, the work could be further extended to evaluate transgene expression
of crylAcl in field conditions and it may result in enhanced pest resistance in local
sugarcane cultivars. This enhanced resistance therefore will minimize the use of chemical
pesticides resulting not only in associated cost savings but also reduction in

environmental pollution. Hcncc the study has environmental, academic and economic
benefits.
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LITERATURE REVIEW
2,1

Sugarcane

2,1.1

Brief History

Sugarcane is an economically important field crop that is cultivated in tropical and

subtropical regions of the world. The plant is several feet long (3-4 m) tropical perennial
grass that I'onns unbranched juicy stalks with high sugar (sucrose) content as it exhibits
very high rate of C4 type photosynthesis (150-200%), It belongs to genus saccharum.

sub-tribe saccharinae, tribe andropogoncae, and family poaceae. Linnaeus in 1753
reported, first time, genus saccharum in ‘'Species Plantarum " with two spcdcs: S.

officinarum and S. spicalum as cited by Cordciro et al. (2003), The genus is of interest as
it forms a special interbreeding group “saccharum complex” with its related genera:

Erianthus, Miscanihus. Diandra, Narenga and Sclerostachya (Mukherjee, 1957 and

1958), All these genera have much morphological resemblance, evolutionary relationship,

exhibit polyploidy and can naturally exchange their genome by cross fertilization
(Daniels

and Roach, 1987; Roach and Daniels, 1987). These similarities and close

association among these genera created much difficulty for taxonomists to assign species
to specilic genera and there

arc many revisions reported for the distribution of species

among saccharum complex genera (Smith et al., 1982; Sreenivasnn et al., 1987; Darke,

1999 and Bonnett et at., 2008).

Till

19th century, Saccharum officinarum (noble cane, 2n = 80) was one of the

widely cultivated sugarcane types all over the world. This species has ability to

accumulate high content of sucrose in stalks but is prone to several diseases making it less

suitable for commercial cultivation (Daniels and Roach, 1987). At ihe end of 19m century,

classical breeders performed interspecific crosses among saccharum species to develop
cultivars with improved traits i.c. high sucrose content, disease resistant and adaptable to
various environments (Matsuoka et al., 1999). Primarily, Saccharum

officinarum was

crossed with S, spontaneum, a wild species, which although accumulated less sucrose but
was resistant to several biotic stresses (diseases). The hybrids obtained were then
backcrossed twice to parent S. officinarum, a process known as Mobilization, to improve
the sucrose accumulation properly of the hybrid clones (Berding and Roach, 1987). These
selective cross Fertilizations and trait specific selections resulted in Ihe development of
7
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hybrid cultivars with improved agronomic traits such as ratooning and disease resistance.
Hence, today cultivated sugarcane clones are not true species but hybrids having genome

tnajorly derived from S.

officinarum

and S. spontaneum. Although

officinarum

and

were the two main genome contributor species but other species; S. sinense,
S. barberi ant! S. robustum were atso included in the crosses, providing minor but
spontaneum

important traits toward the development of modern varieties (Edmc et aL, 2005; Edmc et

of enormous number of crosses, hybrid
sugarcane cultivars have much complex genomes that comprise multiple sets of
a/.. 2006; Edmc et al., 2009). As a consequence

homologous chromosomes derived from a single species (autopolyploid) as well as

possessing two or more unlike sets of chromosomes (allopolyploid). It is reported that
£0% of the genome is derived from S. officinarum and the remainder from S. spontaneum

and other species (Srccnivasan et

aLt

1987). The breeding programmes are still

continuously focusing on improving more traits by intercrossing between the

domesticated hybrids.

2.1.2 importance
Sugarcane is domesticated crop of many countries including Pakistan. The top sugarcane

producers in the world are Brazil, India, Chino, Thailand and Pakistan with average

world’s production of 33%, 23%, 7%, 4% and 4%. respectively (FNP 2009). Haley and

Suarez (2004) reported that approximately 20 million hectare of sugarcane has been
grown internationally. The crop is mainly grown as a source of white sugar (sucrose) and
according to a report published by FAO (2009) about 80% world’s sugar is obtained from

sugarcane. While sugar is not only consumed directly but also additionally processed for
making candies, drinks, bakery items and etc. During the sucrose making process two

main by-products are also obtained i.e. molasses and bagasse. Molasses, a thick residual

cane juice, is usually processed further to produce ethanol but it can also be used as
organic fertilizer. Moreover alcohol obtained from molasses is of organic quality and is

used in the pharmaceutical and cosmetic industry (Sansoucy et al., 1988; Mackintosh,
2000), while bagasse (cane fiber)

can also be further processed to produce cellulose

derivatives and ethanol (Allen et al., 1997). Fresh juice of sugarcane is used for drinking
by humans while the crop is also used as fodder for animals. In recent years sugarcane got

additional attention in scientific/industrial community as a crop for biofuel projects due to
increased awareness for sustainable energy production. Berg (2004) reported that about
95% ethanol has been produced from sugar rich crops like sugarcane, corn and sugar beet
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from plants especially
sugarcane (Haley and Bolling, 2005). In year 2009, it was reported that half of the
sugarcane produced in Brazil was used to produce 25 billion liters of ethanol (CONAB
2009). Van-Thuijl el al. (2003) reported sugarcane as extremely efficient crop for
Brazil, since 1985, is leading in the production of biofuel

photosynthesis and best solar energy converter, thus highly suited for biofuel production.
Hence the crop can play considerable role in future development of many countries
including Pakistan. In Pakistan, the crop is sharing 3.6 and 0.8% in value added of

agriculture and GDP. respectively. It produces about 50.0 million tonnes of canc annual!}
with an average yield being around 52 metric tons/ha (Economic Survey of Pakistan,
2009; Table 2.1 }. Sugar industry of the country is the second largest industry after textile.

Thus sugarcane is a backbone of our agriculture and industrial sector.
t able 2.1: Area, production and yield of sugarcane in Pakistan (2006-20 1 1).

Sr,

No.

Year

(000
Hectare)

Yield

Production

Area

%
Increase {+)
or

%

(0110
Tons)

increase (+)

or

%

Kgs per
Hcc.

increase (+)
or
decrease (-)

decrease (-)

decrease (-)

1

2006-07

1029

+13.5

54742

+22.6

53199

+8.0

2

2007-08
2008-09
2009-10

1241

+20.6

-17.1

+16.8
-21.7

51507
48635
52357
55981

-3.2

1029

63920
50045
49373
55309

J
4
5

_

-8.4
-1.3
+7.7
943
+12.0
+4.8
2010-11
988
+6.9
Source: Ministry of Food and Agriculture, Federal Bureau of Statistics, Pakistan

2.1.3 Constraints: Insect Pests
Comparing the planting area, annual production and yield of sugarcane in Pakistan and
other countries, it can clearly be revealed that sugarcane production in Pakistan is quite
low (around 52 metric tons/ha) as compared to other competing countries. The prominent

examples of high yield arc from India, USA and Egypt with an average yield around 66,
84 and 105 metric tons/ha respectively, while overall average production in the world is

about 65 metric tons/ha (Chcavcgatti-Gianoito el aL, 201 1). Riaz (2003) while analyzing

soil and climatic conditions reported that sugarcane yield in the country is 80% below of
our achievable capability. Besides abiotic factors accounting for this low yield, biotic
stresses like attack of bacteria, fungi, viruses and insect pests is resulting in massive yield

losses annually. The attack of insect pests is top one and sugarcane production is greatly
2lgf

reduced by this stress. Benton (1995) reported that Lepidoptcra is the 2 largest and the
9
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most diverse order in class insecta and the most members of this order are serious pests of

important agricultural crops of the world, important sugarcane pests belonging to order
Lepidoptcra are sugarcane shoot/stem borer, (Chilo infuscatellus Snellen); sugar cane
moth borer {Dial ruea saccharalis); top borer (Scirpophaga nivella Fabricius); root borer,
Emautlocera depressella Swinhoe and Gurdaspur borer (Acigona stenieitus Hampson),
These are phytophagous in nature and bore into stem and root of the plant. Ashraf and

Fatima (1980) and Ashraf (2003) reported borers as the most detrimental pests of
sugarcane, attacking this crop and causing massive yield losses by reducing rate of
phoiosjnthesis and blocking food supply to aerial parts of the plant. This also makes plant

susceptible to other pathogens and invades several viral and fungal diseases. Furthermore,
these borers not only reduce crop yield (Kalra and Sidhu, 1955) but also have deleterious

effects on sucrose contents of cane (Naqvi et al., 1978; Rana et at,, 2007). Bennett (1977)
reported moth borer (Dkaraea saccharalis F., Lcpidoptcra, SCSB) as one of (lie major

and important sugarcane pest, causing unexpected agricultural yield losses annually.
Tayyab et at, (2006) studied the biodiversity of the Lepidoptcrans in the agro- forest area
of Bahawalpur, Pakistan, and reported many lepidopteran insect pests of sugarcane, maize
and cotton. Rana et al. (2007) reported that these borers arc present in all sugarcane

cultivated areas of Pakistan. Furthermore, they concluded that these borers remain in the
fields throughout the year and have very severe effect on the plant growth and
productivity (Kalra and Sidhu, 1955). Gut (2007) studied the biodiversity of sugarcane
borers in major districts (Peshawar, Charsadda, Nowshchra, Mardan, Swabi and
Malakand) of Khyber Pakhtunkhwa (formerly NWFP). He conducted this stud)1 from
2001 to 2004 and involved both plant crop and ratoon crop of sugarcane, lie reported the

presence of top borer, shoot borer, gurdaspur borer and root borer in all areas under study.
2,1.4

Pest Control Strategies

Traditionally chemical insecticides are used to kilt these harmful insects. But these have
many disadvantages including high cost, less affectivity, less specificity, resistance

development and environmental pollution. Moreover, the extensive use of pesticides to
kill these pests resulted in pest resurgence and appearance of secondary pests. Scientists

are trying to develop inset resistant varieties by using classical breeding methods but this
also have some limitations. Genetic pools of many crop plant species seem to lack genes
for resistance to their major insect pests and if present, are usually controlled by complex
loci. In these circumstances, the production of pest resistant culfivars by classical
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breeding is a challenging Job. Of the multiple alternative strategics, one strategy being
used is to develop insect resistant plants through introducing Bacillus thuringiensis
crystal insecticidal genes commonly known as cry genes (Ali, 2006: Weng et al., 201 1 ).

2.2

Bacillus thuringiensis

Bacillus thuringiensis (Bt.) is a gram positive, facultative anaerobic and sporulating
bacterium that belongs to family Bacillaceae. Ishiwata (1901) first time reported the
presence of this bacterium in diseased silkworm (Bamhyx mori) larvae and it was named

as Bacillus thuringiensis by Berliner (1915). The bacterium is ubiquitous in nature and
found in a variety of environments (Martin and Travers, 1989). Its strains have been
reported worldwide from several habitats including insect rich soil (Detucca et aL, 1981;

Delucca et aL, 1984; Hasiowo et al., 1992), insects (Carozzi et aL, 1991), stored-grain
dust (Burges and Hurst, 1977; Chaufaux et al., 1997), and plants (Kaolin et al., 1994,
Smith and Couche, 1991). The bacterium usually produces crystal shaped parasporal

inclusion bodies during its sporulation phase (Ceron et al., 1995) and is
entomopathogenic in nature. These inclusion bodies contain one or more insecticidal
crystal proteins (ICPs) that are very toxic for certain invertebrates particularly to insect

larvae of orders Lepidoptera, Coleoplera and Diplera (Aronson and Shai, 2001). This
insecticidal activity of the bacterium was discovered accidently when Hour moth larvae
died unexpectedly and later it was revealed that Bt. presence was actual cause of larval
death. The genes encoding insecticidal proteins mostly reside on bacterial plasmid and

these plasmids are conjugalive in nature (Gonzalez and Carlton, 1980; Gonzalez et aL,
1982). Very low concentrations of these proteins have killing effects on larvae of
different insect groups including Lepidoptera (Seifincjad el al., 2008). Strains of B.
thuringiensis and their toxic proteins are highly specific for their hosts and usually have
no toxic effect on unrelated insects, plants and vertebrates especially mammals (Schnepf
ctal., 1998),

2.2. 1 Crystal Proteins of B. thuringiensis
Crystal proteins (Cry proteins) of B. thuringiensis are diverse in nature and up till now
more than 50 different cry proteins, encoded by more than 350 genes, have been reported
from various strains of 5. thuringiensis. These arc named crystal proteins because of their

crystalline nature and the term Cry is widely used in gene and protein nomenclature
(Kumar el al-, 1996; Saraswathy and Kumar, 2004; Kumar et at-, 200S). Hoftc and
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White ley (1989) studied the structure of these toxins and their insecticidal specificity
toward insect groups i.e. Lepidoptera. Diptera and Coleoptcra. These studies revealed

preferential efficacy of cry toxins against specific group of insects classifying them into
four major classes: Cry L II, 111 and IV. Cryl being lepidoptcran specific (Pricto-

Samsonov et al., 1997), Cryll has specificity for both lepidopterons and dipterans
(Schnepf et al., 1998), Cryltl is colcopterans specific and CrylV shows toxicity for
dipterans (Tailor et al., 1992; Holdom et al., 1996). There are many revisions to this
grouping ns new proteins are being reported continuously increasing lire number beyond

four now (Crickmore et a!., 1998).
Bravo et al. (1998) reported that Cry proteins belonging to groups Cryl, Cry2 and
Cry9 have toxic efficacy against Lepidopterans. Proteins of the cry2 gene family form

cuboidal crystals and have molecular weight approximately 65-71 kDa (Hofle and

Whitelcy, 1989; Yamamoto and Mc-Laughlin, 1981). The gene family is comprised of
five subgroups i.e. cry2Aa (Donovan et al., 1988), cry2Ab (Widner and Whiteley, 1989),
crylAc (Zhang et at., 2007), cry2Ad (Genebank: AF200816) and cry2Ae (Genebank:

AAQ52362). Each of these groups showed preferential toxicity against a group of insects.

Cry2Ao and Cry2Ac proteins have been reported for loxictty against Dipteran and
Lepidopteran insect larvae whereas Cry2Ab has recognized specificity to Lepidoptcran
insect larvae (Bravo 2004; Zhang et ai, 2007). Bravo et al. (1998) reported that Cry
proteins belonging to groups Cryl, Cry2 and Cry9 have toxic efficacy against

Lepidopterans. But Salecm and Shakoori (2010) reported that Cry2Aa is toxic to
lepidoptcran and dipteran larvae, while Crv2Ab and Cry2Ac are toxic only to
lepidoptcran species. Furthermore, they compared the Cry2Aa and Cry2Ac and reported

that although these two have similarities at gene level i.e. having third position in the
operon model but the process of protein synthesis and crystallization is quite different

between two proteins (Wu et at,, 1991 ; Crickmore and Ellar, 1992).
2,2.2 General Structure of Crystal Proteins

Tire specificity and hence toxicity level of each Cry protein is dilferent and is mainly
dependent on the protein-receptor interactions (inside insect midgut) which in turn is
dependent on three dimensional conformation of both i.e, protein and receptor. X-ray

crystallography and phylogenetic analysis proved that majority of 5-endotoxins are
comprised of three distinct functional domains with five conserved blocks (Hoftc and

12

Chapter 2 Literature Review
(Bravo and
Whiteley, 1989), although other toxin groups have also been identified
Soberon, 2008) (Fig. 2.1 ).
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Fig. 2.1: Three dimensional structure of Cry toxins produced by Barilim thuringiensis.
(») The CTylAa protein is shown as an example ofthe three domain family Cry proteins Domain I (in red)
is the po re-forming domain and domains [1 and III (in blue) are important for toxin-rcccptor interactions.
(b) The Cry23/Cry37 as an example of binary Mtx-like Cry toxins. The Cry23 toxin shares homology with

the Mtx toxins of Bacillus sphaericus, which can kill mosquitoes, but the Bt-Mtx-Cry toxins are active
against coleopteran insects, (e) The Cyt2Aa toxin as nn example of Cyt toxins, (d) The Vip2Aa as an
example ofthe Vip toxins. These proteins are secreted during vegetative growth. Vipl and Vip2 constitute a
binary toxin active against some coleopterans. (Bravo and Soberon, 2008).

The Cry toxins having three domains are grouped together in one family i.e. 3-D family.
Each of the three domains has specific function and together these make a functional
insecticide (F5g,2.1a). Domain I is the most conserved domain (Knowles, 1994) and
consists of seven hydrophobic and amphipathic a-helices. These a-heliccs can span
epithelial cell membrane of insect midgut, form pores and disrupt the ion regulation ofthe
insect midgut by increasing the potassium permeability. These pores allow small ions and
molecules pass through forming osmotic swelling and this eventually leads to cell death.
The Domain has conspicuous similarities to the pore-forming domains of protein toxins

isolated from other bacteria, including colicin A, diphtheria toxin, and-to a lesser extent-

Pseudomonas exotoxin A (Parker and Pattus, 1993).
Domain D is hyper variable among all 6-endotoxins (Bravo. 1997) and contains three
antipara!lei p sheets folded into loops that are exposed towards surface apices of the three
sheets. These loops have resemblance to immunoglobin antigen -binding sites and are
considered to be involved in recognition and binding of toxins to midgut receptors of
insect larvae. The domain is highly variable in nature and important for insecticidal
specificity of the toxin. Sankaranarayanan et al. (1996) reported that Domain II has a
loop/fold similar to that of the plant lectin jacalin, which is a well studied protein known
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of its {J-prism fold. Cry proteins
(c.g. Cry l Ac) also supposed to recognize carbohydrate moieties on their receptors
to bind carbohydrates via the exposed loops at the apex

(Knowles et ai. 1984).
Domain III is made of a

p sandwich of two antiparallcl p strands (de Maagd et nr/.. 2003)

and is involved in a variety of functions tik', structural stability, ion channel gating.
binding to the brush border membrane vesicles, and also insecticidal specificity.

Scientists suggest that this domain helps in maintaining the structural integrity of the
toxin molecule, possibly by protecting it from proteolysis inside the gut of the insect and
the three domains interact closely to bring about insecticidal activity of the protein (Li el
ai, 1991; Turner el ai, 1991).

2.2.3 Mechanism of Action of Crystal Proteins
Crystal proteins, when synthesized, are actually comprised of inactive protoxins, for the
protoxins to become active, a susceptible insect must eat them. Once these Cry proieins

arc ingested by an insect, there are several steps that eventually may lead to larval death
(Fig. 2.2). The inactive protein is first dissolved in the midgut juice of insect followed by
proteolytic activation under extreme pH (either alkaline or acidic) conditions. The major
proteases of the lepidopteran insect midgut arc either trypsin-like (Lecadet and Dedonder.

1966: Milne and Kaplan, 1993) or chymotrypsin-like (Johnston el ai, 1995; Peterson et
al., 1995: Novillo el al 1997) and most lepidopteron specific protoxins are solubilized
under alkaline conditions inside insect midgut (Aronson el ai, 1991; Du et ai, 1994).
Afier solubilization, the activated toxin binds to midgut receptors at specific binding sites

on the apical brush border of the midgut microvillac (Hofmann and Luthy, 1986). The
binding may be reversible (Hofmann et al., 1988) or irreversible (Ihaia et ai, 1993;
Rajamohan et ai, 1995). This toxin-receptor binding brings energetic conformational
changes and insertion of the toxin into the apical membrane. The domain-1 forms

channels across epithelial membrane, resulting in ionic disequilibrium, membrane lysis
and ultimately larval death. Two of these steps, solubilization and receptor recognition,
are much critical and arc considered as determining steps for toxin specificity and toxicity
among Cry proteins (Knight el al., 1994; Sangadala et ai, 1994).
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Fig, 2.2 i Cry toxins of 3-D family : model of the mode of action,
Two different mechanisms can be distinguished: the pore-formation model (top) and the signal transduction
model (bottom), which both include similar initial steps for toxin solubilization in midgut lumen (1),
activation by midgut proteases (2), and binding to primary receptor cadherin (3). In the pone-formation
model (top), step 3 induces the cleavage of helix a-1 and triggers toxin oligomerization (4), The toxin
oligomer then binds to a secondary receptor, such as aminopeptidasc or alkaline phosphatase, which are
anchored by a glycosylphosphatidylinositol anchor in the membrane (5), Finally, the toxin inserts itself into
the membrane, thereby forming a pore that kills the insect cells (6). The signal transduction model (bottom)
proposes that the interaction of the Cry toxin with a cadherin receptor triggers on intracellular cascade
pathway that is mediated by activation of protein G (4a), which, in a subsequent step (5a), activates
adcnylyl cyclase. This signal then increases the levels of cyclic adenosine monophosphate, which activates
protein kinase A and leads to cell death (Bravo and Soberon, 200S),

2.3

Use of B. thuringiensis against Insects

The commercial use of Bt Cry proteins, as insecticides, started in late 1 930s but now it
has become a highly valuable and promising source of biopesticide. Worldwide sale of B,
thuringiensis based products was about $24 million in 1980 (Feitelson et at., 1992) and in

1995 it was estimated $90 million (Schnepf el at., 1998). It is now sharing approximately

1.5- 2% of the worldwide insecticide sale, occupying about 90% of die biopesticide
market and its annual sale is now estimated to be above $300 million (Saraswathy and

Kumar, 2004). The advantages of the biodegradability, selectivity and total safety for man

and the environment have led to the use of BL based products. Above all, there toxic

specificity towards a specific group of insects is much appreciated.
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Cry proteins of B. thuringiensis arc used in several ways in agriculture sector. The most

commonly used method In past was the formulation of B. thuringiensis proteins For direct

spray. Although it is environment friendly but it also has some disadvantages. Its
production is quite expensive and several applications are required to kill the pests
completely. Moreover, major drawback is its draining with rain water and loss of activity
due to ultraviolet rays (McGaughey and Whalon, 1992). Thus plant might not have active

protein what insect actually attacks iL To overcome these problems, scientists are
continuously endeavuoring transgenic organisms (bacteria, yeast and plants) and novel

approaches using tools of molecular biology and genetic engineering. Scientists

developed different new methodologies including encapsulation of Bt Cry proteins in the
Pseudomonas, transformation of some endophytic and epiphytic bacteria that colonize the

important crop e.g. Downing

el

ai. (2000) transformed sugarcane associated bacteria

using crylAc7 gene to develop resistance against sugarcane borer.

2.3.1 Endogenous Expression of Cry' Proteins in Plants
The endogenous expression of Cry proteins in plants offers several advantages over other

methodologies of controlling insects. The system is less harmful to the environment than

sy nthetic insecticides because the activity is contained within the plant and docs not wash

off and drain into the soil (Sims and Holden, 1996; Sims and Ream, 1997) reducing the
quantity of insecticides required and hence reducing field management costs. Schnepf and
Whitley (1981) expressed the crystal proteins in E. cnli. This started the work on

transformation of prokaryotic and eukaryotic cellsftissucs for transgene expression of cry
genes. The first transgenic plants were produced by mid-1980s (Herrera- Estrella el ah,
1 984) and since then several crop species have been genetically engineered to produce B,

thuringiensis toxins to control the target insect pests (Vaeck et al., 1987). Plants that are
engineered to create resistance against specific insects include tobacco (Barton et at.,
1987), cotton (Perlak et at., 1990), potatos (Adang et at., 1993; Perlak et

at,, 1993),

tomato (Fischhoff et at., 1987), maize (Koziel et at., 1993), rice (Fujimoto et at., 1993;

Nayak et at., 1997) and till date there are about eight reports of sugarcane transformation

using cry genes (Tabic 2.2). The various sugarcane cultivars were engineered using
natural, full-length and unmodified cry genes for Nucleus-derived expression (Fischhoff
and Rogers, 1994) but scientists also used truncated and modified ay genes to enhance
their expression level inside plant body (Van der Salm et ai, 1994; Weng et at., 2006;

Wenger at., 2011),
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Table 2.2: List of transgenic sugarcane developed using cry genes
Sr.

Candidate

No.

Gene

Method or Gene
Target Pest
Elasmopatpus

I

crylAc

2

oylAb

3

crytAb

4

5

saccharolis
Oiatraca

soccharalis
Proceras

(synthetic)

venosarta

crytAb

CMo

(synthetic)

infuscatelius

crytAat

7

ciylAb

2.4

D/airaca

cry IAc

6

&

UgnostUus

Sdrpophaga

excerptafis

Chib

infiiscatclha

cry tAc

Proctras

(synthetic)

vvnosalus

Promoter

CaMVJSS
CaMVJSS
Maize PKPC
Maize Ubi-I

PEP-C
CaMV3SS
Maize Ubi-1
Maize Ubi-l

Transfer

Reference

Particle

Pitch tial.. 1996,

bombardment

1997

HI ectroporation

Areneibia cf at..
1997, J999

Particle

Drags et at.. 2001.

bombardment

2003

Particle

bombardment
Particle

bombardment
Agrobacterium

Particle

bombardment
Particle

bombardment

Weng tl at., 2006
Ali, 2006

Kaiunkc el aL 2009
Arvijilhe/oA. 2010

Weng era/,, 2011

Plan* Transformation / Transgenic Plants

Development of transgenic crops involves knowledge and tools of basic biology, tissue
culture technique and modern tools of molecular biology. It is a multi -phase procedure
and In general involves following key steps: optimization and establishment of an in vitro
plant regeneration system for the target crop, construction of plant expression
casscites/vectors customized for target crop and for delivery method, optimization of an

effective DNA delivery system c.g. Biolistic or Agrobactcrium mediated, marker based
(usually antibiotic or herbicide) selection of transgenic tissues/clones and regeneration of
stable and fertile transgenic plants. Bach of this is discussed and reviewed in detail in the
following text,

2.4.1 Tissue Culture Studies for Sugarcane
Plant Tissue Culture is an in vitro technique employed to develop whole plant from any
part (stem, leaf, seed embryo, root etc) of a parent plant and is based on the concept of

totipotency exhibited by plant species. The method involves organogenesis, callogcnesis,
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direct or indirect somatic embryogenesis and direct or indirect plant regeneration, It is a
prerequisite technique for basic cell biology studies as well as for applied biotechnology

applications including plant transformation. Therefore, the technique is extensively used
to produce cultivars that are disease and insect resistant and hence offering baseline for
crop improvement and agricultural development (Jain, 2001). But plant growth is a
complex phenomenon so not all plant species can be regenerated by every method and not
all tissues are suited for transformation; hence, it is necessary' to find out not only an

appropriate regeneration regime but also compatible tissue for specific plant

transformation methodology.
Sugarcane is a vegetatively propagated crop with much complex genome and it
requires many years to develop new sugarcane cultivar using conventional breeding
programmes (Bailey and Bechet, 1989). But using the tissue culture technique time span
can be decreased and propagation potential could be enhanced several times (Geijskcs et
ai,, 2003; Snyman et «/., 2001a). Furthermore,

the healthy plants can be selected at an

early stage of the development (Snyman et ai., 2006). Hence the technique can play much
important role in sugarcane breeding programs and therefore in development of cultivars

with desired traits. Since 1960s, with the start of sugarcane tissue culture, scientists are
continuously improving in vitro technique for sugarcane to enhance its yield by screening
clones for disease resistance, drought tolerance, salt tolerance and high sucrose content.
2,4.1.1

In vitro Callogencsis and Somatic Embryogcncsis

Callus initiation, somatic embryogenesis, regeneration through callus cultures and direct
regeneration are various aspects for in vitro studies of sugarcane. Many scientists

worldwide established protocols for in vitro growth of various plant species and Nickel I
(1964) first time reported the successful sugarcane callus culture using mature intcrnodal
parenchyma tissue. After few years they again published data for sugarcane callus culture
(Barba and Nickell, 1969) and these studies proved baseline for future success. Heinz et

at. (1977) and Nadar et at, (1978) reported callus induction from leaves and shoot apex
parenchyma tissue of Saccharunt spp. The study was conducted using Murasbige and
Skoog (1962) medium containing coconut water (10%) and 2,4-D at various
concentrations. Later, scientists studied the tissue culture potential of various sugarcane
genotypes, all over the world, and reported successful somatic embryogenesis,
organogenesis and regeneration using different explants and media compositions (Brisibc
et ai, 1994; Falco et ai, 2000; Khan et ai, 1998; Khan et ai. 2004; Asad et a!., 2009). It

.
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was concluded from these studies that callus initiation and somatic cmbryogcncsis is
highly genotype dependent (Gandonou el aL, 2005). The early studies proved that various
parts of sugarcane could be used as explants for callus induction (Liu et aL, 1972, Khan

but young apical leave whorls were suggested best explants by many
workers (Nadar et aL, 1978, Chen et at., 1988. Fitch and Moore, 1990; Fitch and Moore.

and

Khairi, 2006)

1993).

Scientists studied callus initiation and maintenance response to dark and light time
periods. Better response of callus was observed when callus cultures were maintained in
dark initially at least for first 4-6 weeks (Chen et aL, 1988). Siddiqui (1992), A flab el at
(1996), Aftab and Iqbal (1999), Ali (2006), Nnz et

at

(2008) and Raza et aL (2010)

reported same findings from Pakistan. Similarly, Snyrnan el aL (2001) also published that

better callus initiation was observed in dark as compared to light. During all the studies

primarily conducted to establish sugarcane callus cultures, Murashigc and Skoog (1962)
medium was proved best although some modifications to the original composition were
also reported (Liu and Chen, 1974; Guidcrdoni, 1986; Guidcrdoni et aL, 1995; Aftab el

aL. 1 996, Baksha et aL, 2002; Baksha et aL, 2003). Growth regulators also play a key role
to achieve specific results in tissue culture. For example somatic embryogencsis occurred
when the explant was exposed to an auxin e.g. 2,4-D (Nadar et aL, 1978) and one could
regenerate plamlets front callus (Ho and Vasil, 1983). Scientists revealed callus initiation

and proliferation response on MS medium with various types and concentrations of

auxins (Bhansali and Singh, 1982) alone or in combination with cytokines (Zang et aL,
1983). These studies proved that auxin 2,4-D was best growth regulator for callus

induction in sugarcane (Kulkami, 1989) and this was usually genotype independent as
reported by Karim et aL (2002) while working on two sugarcane varieties i.e. tsd-16 and
Isd-28. He reported 3.0 ing/L 2,4*D in his studies as best concentration. Mamun et at.
(2004) tested MS medium supplemented with different auxins i.e. 2,4-D, 1BA, IAA, and

NAA for callus initiation and found 2,4-D (3.0 mg/L) best in terms of callus induction
and maintenance. Scientists also studied die effect of different auxins with respect to time
required for callus initiation. Nagai et aL (1991) reported that callus initiation could be
achieved within 2 weeks when using auxin 2,4-D and this hormone not only was better

for callus initiation but also for long term callus proliferation (Islam et aL, 1996). Snyman
et aL (2000) reported that good quality sugarcane callus could be achieved on MS

medium supplemented with 2,4-D (3.0 mg/L) within 3-4 weeks after inoculation. This
difference of time (2-4 weeks) may be due to differential response associated with
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sugarcane genotypes under study. Ramanand et al. (2006) compared different hormones
(NAA, 1BA and 2.4-D) while using young leaf sheath as explains cultured on MS

medium. They reported 2.4-D as best and maximum (67.3 %) callus induction frequency

was obtained at 4.0 mg/L concentration of 2,4-D.
Somatic embryogenesis in sugarcane is now well reported (Lakshmanan

el

at., 2005;

Lakshmanan. el al., 2006; Naz el al., 2008) and the addition of 2,4-D in the medium is
found to be critical for establishing embryogenic calli (Khan el al., 2009). Many scientists
supported the notion that addition of 2,4-D have positive impact on formation of
embryogenic calli especially initiated from young leaf whorls (Himanshu

el

at., 2000;

Sn; man el at., 2001a). In studies conducted by Foranzicr et al. (2002) and Marcano et al.
(2002) efficient embryogenic callus response was observed when young leaf cxplnnts
were cultivated on modified MS medium containing 2,4-D (13 pM).

Similar findings

were also reported by Gandonou et al. (2005) and they found embryogenesis in sugarcane
explants cultured on MS medium supplemented with 2,4-D (3 mg/L), There are few
reports stating use of other hormones also c.g. Niaz and Quraishi (2002) while studying

callus initiation response of sugarcane observed that addition of NAA (1 nig/L) along
with 2,4-D (3 mg/L) further improved cal to genes is and embryogenesis in sugarcane. The

addition of eytokinins, especially kinctin, was also vigorously studied and it usually
proved inhibitory to embry ogenesis (Fitch and Moore, 1 993). Use of thidiazuron (TDZ)

lias also been reported, for embryogenesis by Gallo-Meagher et al. (2000). They initiated

embryogenic calli on MS medium supplemented with 2,4-D, kinetin, NAA and various

concentrations of TDZ and stated the stimulating effects of thidiazuron (TDZ) on somatic
embryogenesis.

Somatic embryogenesis could also be achieved without a callus phase and it is usually
preferred when large scale propagation is required. Furthermore, direct somatic

embryogenesis also reduces time span for plant regeneration; hence, reducing chances of
somaclonal variations and lime required to develop a transgenic plant. Scientists studied
the response of various sugarcane genotypes and explants for direct somatic

embryogenesis. ARab and Iqbal (1999) reported direct somatic embryogenesis for
Pakistani cullivars (CoL-54 and CP- 43/33) using young leaves as cxplants and MS
medium supplemented with 2,4-D (2 mg/L). Moreover, they reported that addition of
casein hydrolysate (500 mg/L) further enhanced emergence of somatic embryos in both

cullivars. Later Siddiqui (1992) while working on cv, CoL-54 of sugarcane atso reported
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same findings. Many other scientists have also been successful in achieving somatic
embryogenesis directly. Desai et ai (2004) found very good somatic embryogenesis
directly when immature inflorescence segments were cultured on MS medium
supplemented u'ith naphthalene acetic acid (0.5 mg/L), kinetin (2.5 mg/L), l-glutamic

acid (100 mg/L) and sucrose (4%),
2.4. L2

In Vitro Shoot Regeneration

hi vitro callus initiation is usually followed by in vitro shoot regeneration. However, plant
regeneration via somatic embryogenesis is now well established in sugarcane using >oung

leaf roll explants (Ho and Vasil, 1983; Chen et at., I9S8; Lakshmanan

ei at.,

2005) and

also ex plants based on immature inflorescences (Brisibe et at., 1994; Guidcrdoni. 1995;

Lakshmanan et ai, 2006). The first successful report of plant regeneration from
sugarcane callus tissue was from Heinz and Mce (1969). They observed callus

dififerentiating into plantlcts when it was shifted from auxin rich medium to auxin

deficient medium. Later, many other scientists also contributed their results by
characterizing various sugarcane genotypes for regeneration through somatic
embryogenesis or organogenesis (Ahloowalia and Mareuki, 1983; Guidcrdoni and

Demarly, 1988 and Taylor et at., 1992). Nadar et at. (1978) studied differentiation stages
of embryo development for plant regeneration from callus and it was reported that

plantlct differentiation occurred only in the absence of auxin. Scientists studied the
potential of different auxin and cytokinins combinations to induce plant regeneration in
cal li originated from young leaf rolls, Anbalagan et ai (2000) reported efficient

sugarcane plant regeneration on MS medium supplemented with NAA and Kinetin. Niaz
and Quraishi (2002) conducted a study to analyze the regeneration potential of sugarcane
call! using different growth regulators. They concluded that MS medium containing BA
at the concentration of 1.0 mg/L proved better than any other growth regulators. Karim et

at. (2002) while working on sugarcane micropropagation reported MS medium
supplemented with BAP (1.0 mg/L) and IBA (0.5 mg/L) as best medium for
micropropagation. Ho and Vasil (1983) also regenerated sugarcane plant lets through cell
suspension culture. They first established embryogenic cell suspension culture, in liquid

medium supplemented with

2,4-D (2-3 mg/L), coconut wrater (5%) and casein

hydrolysate (500 mg/L) using callus obtained from leaf segments. And later achieved
regeneration, shifting cell suspension culture, on auxin deficient solid medium or medium
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having very low concentration of2,4-D (0.1-1 .0 mg). Similarly regeneration of sugarcane
using embryogenic cell suspension cultures has also been reported from Pakistan (A flab

etaL 1996).
In recent years, role of thidiazuron (TDZ) has also been investigated in various sugarcane
genotypes for in vitro plant regeneration response. Chengalrayan and Gal to- Meagher
(2001) studied the effect of kinetin, zeatin, BAP and TDZ using five different

concentrations (0.5, 1.0, 2.5, 5.0 or 10.0 mM) of each and with (22.5 mM) or w ithout

NAA- They conducted study for four weeks and evaluated the ability of hormones to
induce regeneration, in embryogenic calli, in terms of shoot induction frequency and
shoot length. They reported that medium having TDZ although produced low licighted
shoots but shoot induction frequency
2,5 mM concentration.

was highest in medium supplemented with TDZ at

During a study, Dhawan et al. (2004) also reported positive effects

of TDZ for plantlei multiplication cultured from apical meristem sections of sugarcane.

Addition of even very low concentrations of TDZ (10'9 M -10'* M) resulted in very high
rate of shoot propagation in two cultivars (CoH-92 and Co-7717) under study. In various

other studies, scientists confirmed the concept that TDZ could be used for rapid in vitro
shoot induction and elongation (Chengalrayan et al., 2005; Jain et al., 2007).

Direct and rapid regeneration of cxplant without an intervening callus phase offers several
advantages over the usual callus based regeneration. The reduced callus formation thus

minimizes somaclonal variations and time span of regenerating whole plants. Both of
these factors are very crucial; shortage of lime is always a Limiting factor and somaclona!
variations, although, sometime preferred and useful to obtain new traits but in developing
transgenic plants it is a nuisance. So exclusion or considerable reduction of somaclonal

variations is required while performing transformation experiments.
Though protocols for rapid direct plant regeneration arc very limited for monocoi plants
but reports are now available for direct in vitro regeneration in sugarcane. Lakshmanan et

al. (2006) studied various developmental and physiological parameters that determined
rapid regeneration In sugarcane and they successfully regenerated plants using leaf
cxplants. Gill et al. (2006) observed that when young leaf segments of sugarcane were
cultured on different media composition based on MS salts, cultured explants exhibited
swelling followed by direct shoot regeneration on medium containing naphthalene acetic

acid (5.0 ing/L) and kinetin (0.5 mg/L). Khan et al. (2009) reported direct regeneration
for various sugarcane lines (NIA-98, BL4 and N1A-2004) commonly cultivated in Sindh

22

Chapter 2 Literature Review
region of Pakistan. They used young leaf explains and observed best regeneration on
medium containing 1AA (4 mg/L) + kinelin (0.5 1,0 mg/L) + 2,4-D (0.2-0.5 mg/L).

-

2.4.1.3

In Vitro Rooting

Successful in vitro shoot regeneration is usually followed by in vitro rooting of
regenerated shoot. Several reports have been published demonstrating the role of growth
regulators and other compounds (e.g. activated charcoal) for rooting of in vitro grown
plants. Reports have been published Tor rooting of the regenerated sugarcane shoots on

simple MS basal medium without any hormonal supplementation (Lai and Sing, 1994;

Karim et aL 2002) while Aftab et al. (1996) reported half-strength MS medium proved
better titan full strength For root initiation in sugarcane regenerated plants. However, some
scientists reported addition of hormones (e.g. IRA) had enhancing effect on root initiation
and development (Khan et al„ 1998). Same observations were reported by Chengalrayan
and Gallo- Meagher (2001) and they found more vigorous rooting was obtained when MS
basal medium was supplemented with IBA (19.7 pM). Baksha et al. (2003) reported best
rooting response was obtained on MS medium supplemented with NAA (5.0 mg/L) and
by increasing amount of sucrose {50 gm/L). However, Jain a al (2007) reported that

rooting of the in vitro regenerated sugarcane could be achieved on MS medium

supplemented with IBA (19.7 pM) and less sucrose (20 g/L) but also adding mannose
(1.5 g/L). Scientists also reported that combination of auxins and cytokinins were better

than using a single hormone. Mamun et al. (2004) successfully induced rooting in

sugarcane plantlcts using combination of IBA (0.5 mg/L) and NAA (0.5 mg/L).
Furthermore, they reported more and healthy roots in the medium having activated
charcoal in addition to IBA and NAA.

From literature presented here, it can be concluded that protocols for sugarcane callus
induction, somatic embryogenesis and dircci/indirecl regeneration although well repoi red
but still there arc gaps due to complex growth phenomenon and potential is available to

further investigate the role of hormones for specific genotypes and desired outcomes.

2.4.2

Plant Expression Cassettes and DNA Delivery Methods

Expression cassette is a term used to describe a length of nucleic acid sequences able to
drive expression of candidate gene (e.g. cry gene) in transgenic plants. These arc
generally constructed using bacterial cloning plasmids and principally and at minimum

consists of a promoter, gene of interest, and terminator sequences. Furthermore,
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additional sequences like enhancer sequences, organelle specific signal sequences etc.
could also be inserted in the expression cassette. The strength of promoter has significant
effect on the transgenc expression. The promoter selected to drive expression of a gene

may be cither constitutive e.g. cauliflower mosaic virus 35S (CaMV35S) or tissue
specific c.g. phosphopheno I pyruvate carboxylase promoter (PER) (Jeong et al., 2002).
Constitutive promoters arc preferably used when expression is desired throughout the
development and in all parts of the plant body. Snyman et at. (2001b) while developing

herbicide resistance in two sugarcane cultivars (NI2 and N19) compared the strength of

different promoters. They used five different constructs in their study, each with a
different promoter, and evaluated their ability to drive transgene expression. They
reported CaMV35S as most efficient to drive the expression of herbicide resistance gene

in the genomic environment of sugarcane.

After

irans formation,

selection of transformed tissues is one of the critical steps so it is

necessary to introduce a second cassette having a selection gene (selectable marker).
These genes usually encode proteins to detoxify the toxins If provided in the growth
medium. Hence transgenic plants could be selected using appropriate selective
agent/toxin (Park ei at., 1998). Two of the classes of selection genes preferably used arc
based on either antibiotic resistance or herbicide resistance. The commonly used

antibiotic resistance genes are nptll (neomycin phosphotransferase) and hpt giving
resistance against antibiotics kanamycin/gcneticin and hygromycin, respectively (Bower
and Birch. 1992; Fitch et at., 1996). Bower and Birch (1992) evaluated the effect of
gencticin, kanamycin and hygromycin at different culture stages of sugarcane using

untransformed tissues. They reported that Kanamycin is less suitable as compared to
geneticin while hygromycin could be used to replace geneticin at plantlet stage but not
callus stage. Geneticin was also used as selective agent in sugarcane transformation
procedures developed by Ali (2006) and Raza el al. (2010).

For transfer of expression cassettes, into target tissues, different DNA delivery

methodologies are being

used. These include Agrobacterium -mediated

plant

transformation and direct transformation methods such as polyethylene glycol -mediated
transfer, microinjection, protoplast/intact cells electroporation and particle bombardment
(biolistic gun) technology. Among these, Agrobacterium-mcdiatcd transformation and

particle bombardment technology arc the two most commonly used methods.
Agrobacterium-mediated transformation gives better transformants but is not genotype

independent while biolistic could be used for any genotype (Altpeier et al., 2005).
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Sanford et al. {1987) described this technique first time and for the last many years the
technique is preferably used to transform plants, especially for monocots, because of its
genotype independency. Furthermore the technique did not require any extra/back bone

sequences as compared to Agrobacterium mediated transformation. Hence, expression
cassettes without any backbone vector sequences could also be used (Joshi, 2009). In
addition, it is a physical approach to deliver DNA and hence is not restricted by a

pathogen-host contact that is necessary for Agrobacterium-medhtcd transformation. Thus

the technique is useful for any living organism either prokaryotic or eukaryotic and
unicellular or multicellular {Hansen and Wright, 1999; Newell, 2000; Taylor and Fauquet,
2002),

Microprojcctilc bombardment technique (Bloltsttc) utilizes propelling of high velocity
micron sized particles (tungsten or gold}, usually coated with nucleic acid, into target

cells and tissues. The nucleic acid usually consists of DNA based plant expression
cassette ligated into a vector. Inside the celi/lissue, DNA naturally gets separated from

particles and has two fates: it stays free and express for very short time (transient
expression) and finally degraded by host nucleases. Otherwise it diffuses to nucleus and

may become incorporated into die plant genome. The transient expression is more

efficient and easily achievable as stable transformation involves recombination for proper
integration. Both of these have their advantages; die stable integration is used to improve

plant traits permanently and transient expression is much useful for optimization of
microprojectile bombardment parameters using reporter gene e.g. gus and/or gfp (kim et
al., 2011).

2.4.3 Reporter Genes
Genetic transformation is not simply the delivery and integration of genes but also the
initiation of transcription, processing and transport of mRNA and translation of mRNA

into protein. In order to optimize the DNA delivery protocols for specific
gcnotypes/cultivars and to identify transgenic tissues, reporter genes are used. These
genes encode enzymes whose expression can easily be delected by general visualization
and/or spcctrophotometric study and their use simplify analysis of the transgene
expression while optimizing DNA delivery protocols or studying promoter activities. In
principle, the reporter gene should encode protein whose expression/enzyme activity

should not naturally found in the organism being under study (Jain et al., 2007).
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tti bacterial cloning and expression systems, the lacZ gene that encodes p-galactosidase is
commonly used as a reporter gene. The gene is not practically useful, as reporter gene, for

plants as most of the plants exhibit endogenous |3-galactosidasc activity. Several other

genes have been identified whose activity could easily be analyzed in plants without
background expression, thus can act as reporter gene in plant systems. These include g/p
gene encoding the jellyfish green fluorescent protein, cat gene encoding the enzyme
chloramphenicai acetyl transferase, lux gene encoding the enzyme firefly luciferase and

uidA gene encoding the enzyme p-glucuronidase/GUS. However, GUS (EC 3.2.1,31) is
the most popular and preferably used reporter gene in plants. The gene was identified
from E.coli in 1973 and the protein encoded by the gene has molecular weight about 6S

kDa and appears to function os a teiramer {Novel and Novel, 1973), The protein is very

stable and can endure many detergents and varying ionic conditions of assays. The
enzyme is most active in the presence of thiol reducing agents such as 6 mcrcaptoethanol

or DTT. The optimum pH for assay is 5.2-7.0. GUS is a hydrolase that catalyses the
cleavage of a wide variety of p-glucuronideses. Its substrates are easily available

commercially and it can be used in hislochcmical, spectropholometric and fluoromctric
studies. Among the various substrates available for GUS, the most commonly used
substrate for enzyme assay is X-gluc (5-bromo-4-chloro-3-indolyI p-D-glucuronic acid).
The substrate is chromogenic in nature and when enzyme cleaves its substrate, X-gluc, it
results in the production of an insoluble blue colour (Fig. 2.3) in plant cells exhibiting

GUS expression (Karcher, 2002).
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Jefferson (1987) first time cloned gus gene under the conlrol of C'aMV35S promoter and
used as a reporter gene in tobacco plants. They reported that it is a reliable system and
GUS staining is an indicative of relative frequency of transformation based on transient
expression levels (Jefferson et

at.,

1987). Moreover, GUS assay is easy to perform,

relatively inexpensive, and can visually be analyzed (Jefferson and Wilson, 1991).
Furthermore, it can be fused to other proteins at their C-terminus to study translation and

processing events involved in protein transport and the transient expression system could

also be used to evaluate strength of promoters, enhancer sequences and terminators
(Vancanneyt et at 1990; Karchcr, 2002). In addition, the assay system could also be used
to optimize the DNA delivery condition, via particle bombardment, in variety of plants

including sugarcane and sorghum (Jeong et at., 2002).
2,4.4 Sugarcane: Transformation

Studies

Microprojcctile bombardment is a technique widely used to transfer foreign gene

fragments into genomes of plant species and it now has become one of the most effective
techniques for developing transgenic plants (Tadessc et at., 2003; Altpetcr et at., 2005)
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particularly for transfer of foreign genes in recalcitrant plants like sugarcane (Lorence and
Verpoorte. 2004; Herrera-Estrclla et al., 2005; .Toshi, 2009). Work on sugarcane

transformation started by Franks and Birch (1991) in Australia got much interest
internationally and several laboratories initiated sugarcane transformation studies, This
eventually led to the successful development of ihc first transgenic sugarcane in 1992
(Bower and Birch, 1992). Subsequently, microprojectile-medialed transformation of

several commercially cultivated sugarcane genotypes has been reported from number of
laboratories worldwide (Birch and Maretzki, 1993; Gallo-Meagher and Irvine. 1996;
Bower et al., 1996; Irvine and Mirkov, 1997; Joyce et al., 1 998ab; Nutt et al., 1999; Aii.
2006; Jain el at., 2007). Arcncibia et al. (1997) transformed the sugarcane with B.

thurlngiemis ciylA(b) gene and reported that this transformed sugarcane showed
significant resistance against moth borer (Diittraea saccharatis F). AM (2006) rc|>oned
that use of apical meristem and inner rolls of leaves, covering the men stem, as explants

showed good results for callus formation. Leaf roll sections of sugarcane cv. HSF-24G
were used for callus induction and these calli (4-month old) were transformed with a
synthetic ctylAb gene using PDS 1000/Hc biolistic gun (BioRad), Transgenic plants were
regenerated from these calli. Molecular characterization (PCR and DAS-ELISA) of these

transgenic plants confirmed the presence of c rylAb gene (Aii. 2006),
Among the different explants initially used, embryogenic callus appears to be the

preferred target due to its high transformabilily and regenerability. Additionally.

immature leaf whorls and inflorescences have been successfully used for microprojectilemedialed sugarcane transformation (Elliott et al., 2002; Lakshmanan et al., 2003). GalloMeagher and Irvine (1996) and Snyman et al. (1998) reported successful transformation

of sugarcane. Snyman et at. (2001b) developed herbicide resistance in two sugarcane
cultivars. N 12 and N19, via microprojcctile bombardment. They used somatic embryos as
target material and these were cither generated indirectly via callus phase (Snyman el aL,

1996) or directly, without intervening callus, from immature leaf roll discs (Snyman et

at., 2000). Sugarcane transformation protocols using somatic embryos developed
indirectly from type 3 callus are also regularly used in many other laboratories. It raquires
about 30-36 weeks for the development of transgenic plants starting with callus initiation
followed by proliferation, cnibryogenesis, selection and eventually regeneration of
transgenic plants (Snyman et at„ 2000; Snyman et at., 2001b; Snyman, 2004). To reduce

this large lime span, scientists at South African Sugarcane Research Institute (SASRI)
reported a novel approach where they used leaf discs with inflorescence as target material
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lor bombardment and later regeneration. They claimed that new procedure could he used

to produce transgenic plants in 14 weeks and is applicable to many indigenous cujtivnrs
(Snyman

e/ al,

2006). However, in Pakistan use of this protocol is much difficult due to

less availability of inllorescence based cxplanls as climate of the country is not

favourable to initiate inflorescence. Hence, young leaf roll are most commonly used
explants for tissue culture and transformation experiments due to their easy availability in
our dimatc (Ali . 2006; Ali et at., 200S; Naz et al., 200S; Khan et al., 2011).
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Chapter 3 Sugarcane Tissue Culture Studies: Materials and Methods

MATERIALS AND METHODS
3.1

Plant Material and Explant Preparation

Sugarcane is a perennial tropical grass belonging to family poaceae and it usually
produces un branched stems (3-4 m or more in height and 4-5 cm in diameter) with

several nodes and internodes. The crop is domesticated due to its sucrose rich stalks and
is widely cultivated in tropical and sub-tropical regions of the world, including Pakistan.

wort was conducted using two promising cuftivare (HSF-240 and CPF-237)
commonly cultivated by farmers all over Pakistan, although predominantly in Punjab
The present

province. The explants were obtained from six to eight month old sugarcane plants grown
and maintained under natural conditions in fields established at University of die Punjab,

Lahore. The disease free plants were selected and top apical part including first node was
cot and brought to tissue culture laboratory. The top first iniemodal portion (about 9.0

inch long and 4-5 mm in diameter) was divided into two parts, The distal part {away from
top, towards base) was given number I and proximal part (closer to top) was numbered as

2 (Fig. 3.1). The outer leaves were removed under sterilized conditions (inside laminar air
flow cabinet) to obtain innermost soft portion of the apical region. No surface sterilization

of explants was performed in laboratory as this inner apical portion was covered by many
outer protective leaf sheaths and is usually Tree of any contamination. Each part (l and 2)

was then cut into 3 mm thick leaf roll disks and these then placed in particular medium

for experimental purposes.
B

1

1

Fig. 3. 1 ; Sugarcane cxplam used for in vitro studies.
(A) Top of (he field grown sugarcane plant (B) Division af the top region into two pans (distal as PI and
proximal as P2),

3.2

Medium for Tissue Culture Experiments

Murashige and Skoog (1962) basal medium was used for tissue culture experiments
conducted during this study. Stock solutions (annexure 1) of macronuiriems (10X)t
micron utrients (1Q0X), Fe-EDTA (100X) and vitamins (100X) were prepared separately
and stored in amber coloured bottles at 4“C. The stock solution of vitamins was filter

sterilized before storage to prevent bacterial/fungal growth.
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-----

In general, one liter of working solution of Murashige and Skoog (MS) medium was

———
--

prepared from stock solutions by the addition of following:
100 mL
10X MS Macronutrients

IOOX MS Micronutnenis
I OCX MS Vitamins

10 mL

-10 mL
10 ml.

IOOX Fe-EDTA
Water up to final volume
The MS medium was used either in

1000 mL
its original

formulation without modification and

supplementation (simple MS) or modified (addition of casein hydrolysate, activated
charcoal, etc) and supplemented with addition of growth regulator/s, antibiotics as per
experimental requirement. The pH of the medium was adjusted to 5.7-5.8 with 0.1 N

KOI I or 0.1 N HCt. The medium was then poured into respective culture vessels (test
tubes, jelly jars, flasks). In case, the requirement was a solid medium, agar was added

oven after pH adjustment but before pouring.
Sterilization of medium was always performed at 121nC, 15 pst and for 15 minutes in an

(0.8- 1.6%) and dissolved in microwave

autoclave.

3.3

Culture Conditions

For callus initiation and somatic embryogencsis, cultures were kept in dark while cultures
for in vitro regeneration (shoot initiation, multiplication and rooting) were maintained
under 16 hours of photoperiod with cool white fluorescent light (approx. 2000 lux).

Culture room temperature was maintained at 2742°C throughout the course of this work
(Shah m al., 2009; Basnayake et ai., 2011).

3.4

Experiments

Several experiments were performed to optimize tissue culture conditions Tor rapid in
vitro regeneration of sugarcane. Effect of explant position,

type/quantity of growth

regulators, moisture content and addition of other supplements (casein hydrolysate,

activated charcoal etc) were analyzed. The cxplants response to various media was
visually observed on weekly basis and data was recorded in note book. Each experiment

was performed using 30 explants per treatment and experiment was repeated three times
to validate the data. Data was analyzed using ANOVA and the differences contrasted

using Duncan’s Multiple Range lest (SPSS version 13.0.1.1, SPSS Inc. USA).
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3.4.1

Jn Vitro Cultogcncsis and Somatic Embryogenesis

The experiments were conducted to study the effect of two auxins (2,4-D and pic!warn).
casein hydrolysate and moisture content (desiccation level) on callus induction and
tic embryogenesis. MS basal medium supplemented with cither of the auxins in four
varying concentrations (1, 2, 3 or 4 mg/1,) plus casein hydrolysate (CM) in thrcedillercni

concentrations (300, 600 and 900 mg/L) was prepared (Table 3.1). The medium \v:u.
solidified using 0.8% gelling agent agar and cultures were established in test tubes bavin :
about 25 mL solid medium. The cultures were maintained for three monlhs while sub
culturing after 3-4 week interval to same medium compositions. Response of the cullivurs
(HSF-240 and CPF-237) with respect to explant position and medium composition

was

evaluated on the basis of frequency of callus induction and direct or indirect somatic

embryogenesis (Lakshmanan et o/.t 2006),
table 3,1: Combinations at 2,4-D, picloram and casein hydrolysate for callogencsts and somatic
embryogenesis studies.
Sr. No.

Treatment
cade
DICI
D1C2
DIC3
D2CI
D2C2
D2C3
D3CI
D3C2

Treatment
|2,4-1>+CH (mg/L)|
1,0+300

Sr. No.

Treatment
code

_
_
_

Treatment

|P)ctoram+C.)l

__

u
I
PICI
1,0+600
2
P1C2
~
:.0+900
3
3
?ia
1.0+960
2.0+300
4
4
P2C1
2.0+300
5
5
P2C3
2.0+600
2.O+90Q
2.0+9(N)
6
P2C3
A
7
7
3.0+300
P3C1
3.0+300
s
8
PJC2
3.0+600
3.0‘f.fW
3.Q+90D
9
D3C3
3.0+900
9
P3C3
to
D4CI
10
P4CI
410*300
4.0+300
It
D4C2
4.0+600
It
P4C2
4.0+600
4.0 +*>00
12
D4C3
12
P4C3
4 .0+900
2,4-D (D): 2,4-dichJoruphcnoxy acetic acid; P: Picloram; CH (C): Casein hydrolysate; Numbers followed
by D and P represent concentration of die respective hormone In mg/L, Numbers followed by C represent
iha-c dilTercnt concert trui ions (in mg/L) of casein hydrolysate used.
2

1 .0+600

_

_
_

__
_

Based on the initial results obtained from 24 treatments (12 each with 2,4-D plus casein
hydrolysate and picloram plus casein hydrolysate; Table 3.1) four optimum combinations

were selected to investigate the effect of desiccation, by increasing quantity of gelling
agent, on somatic embryogenesis (Garcia et al., 2007; Kaur and Gosal, 2009). Cultures

were established on medium D2C2, D3C2, P2C2 and P3C2 (Table 3.1), each solidified
using three different quantities of agar i.e. 0,8%, 1.2% or 1.6% agar. Thus the effect of
desiccation was investigated to induce direct somatic embryogenesis in the two cultivars
under study. Furthermore, experiments were also performed to evaluate the response of

cultivars to alternate high and low doses of auxins used in callus initiation culture
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medium (All et al.. 2008; Nasir

al. 2011). Explants from both cultivars (preferably
from position 1) were cultured on MS based medium D3C2 (MS + 3 mg/L 2,4-D + 600
mg L casein hydrolysate; Table 3.1) for four weeks. Afterwards, cultures from D3C2
el

were shifted to MS based medium DIC2 (MS + l mg/L 2,4-D + 600 mg/L casein
hydrolysate) (Table 3.1). This culturing of explants on medium with high auxin (for 3
weeks) alternated with culturing on medium with low auxin (for 2 weeks) was repeated
three times for total of 15 weeks. Cultures were also initiated and maintained on

continuous auxin rich medium (3 mg/L 2,4-D) to serve as control. Calli were kept under
observation for enhanced somatic cmbryogencsis and were later used for in vitro

regeneration studies. Thus effect of this regime (col maintained under different 2,4-D
levels) was appraised in terms of regeneration potential.

3.4.2

In Vitro Shoot Regeneration

It is well documented that in vitro shoot regeneration in sugarcane could be achieved by
lowering (he auxin concentration and increasing the cytokimns concentration in the

medium. The most commonly reported cytokinins, to induce m vitro shoot regeneration in
local cultivars, is (1-benzyl amino purine (13 At') but in past few years thidiazuron (TDZ) is
also reported as stimulator of shoot initiation (Niaz and Quraishi, 2002; Dhawan el al..
2004; Jain et al.. 2007). MS medium having two different concentrations of 2,4-D (0.5
and LQ mg/L) and three of BAP (L0, 2.0 and 3.0 mg/L) or TDZ (1.0, 2.0 and 3.0 mgft.)
was prepared. Moreover. MS medium having different concentration combinations of

2.4-D with BAP or TDZ was also prepared (Table 3.2), Twelve week and eighteen week
old calli (embryogenic as well as non embryogcnic) obtained from alternate high-lowhtgh auxins and continuous high auxin concentration were used in this study. Cultures
were established, under light, initially in solid (0.8% agar) regeneration medium (Table
3,2) for four weeks and then they were shifted to fresh liquid medium of same

composition. The data was recorded for shoot induction (after 4 weeks) and for number
and length of shoots as well as multiplication rate (after 45 days) in response to hormonal
variations and previous callus culture conditions. Thus the aim of these experiments was
to evaluate the response of cultivars in terms of shoot imtiation/prolifcration to various
auxins-cytokinins ratios using 2,4-D, BAP and TDZ and to evaluate the effect of callus

culture conditions (high-low auxins regime) on regeneration potential.
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Tati lc 3.2: Combination* of 2,4-D with I3AP orTDZtmd for shoot initiation and proliferation studies

Sr,

No.

Treatment
code

2,4-D+BAP

<m&'U

control
SIM-1
SiM-3
SIM-J
SIM-4
SIM-5
SIM-6
SIM-7

I
2
3

4
5
6
7

«
9

3.4.3

2,4-t>+TDZ

code

tma/L>
0.0- o.o
0.5 +0.0
1.0 +0-0
0.0* 1.0

O.O+O.O

tJ

control
SJM-12
SJM-13

0,0+1.0

14
15
16

0.0-2 .0

17

0.0+3.0
0.5+ 1.0
0.5+2.0
0,5+3,0
I.O+t.Q

SJM-14
SIM-15
SIM-16

IK

0.0 +2,0

0.0+3 0

10

SIM-17

0, 5-1.0

2fl
21

SIM-18

0. 5+2.0
0.5 i 3.0
1.0+ 1.0

22
1.0+2,0
SIM-10
12
SIM-11
1.0+3.0
24
SIM: Shorn induuiion nnJ proliferation medium; 2,4-1>:
miiinupurinc: TD2: Thtdiazurai
10
II
12

Treatment

(1.5 +0.0

1.0+0.0

SIM-.S
SIM -9

Sr. No.

SIM-19
SIM -21
SIM-22

SIM-23

1,0+2,0

1 ,0+3-0

14-dichiorophcnoxyaoeife

acid; BAP: Scn/yl

In Vitro Rooting

The multiple shoots obtained from shoot initiation and proliferation medium were

separated into bunch of 2-3 shoots and shifted <o liquid MS medium supplemented with
two levels of NAA (3 or 4 mg/L) and varying sucrose quantity. Furthermore, effect of
addition of activated charcoal {0.5 g/L) was also assessed (Table J.3). The observations

noted were number and length of roots as well as vigour of roots (Himanshu at oi, 2000:

Khan ef ai.t 2009).
Table 3.3: Combinations ol NAA. sucrose and activated eharctml
Sr,

Nit.

I
2
3
4
5

NAA

Suer use

LH1-/U

(tm/l)

30

5
3
4
4

used far In vitro moling,

Treatment cud*

AC omitted
KT1

40

KT2

50
60
30

RT3
RT4

RTS

AC added (0.5%)
KTI-AC
RT2-AC
KT3-AC
KT4-AC
RT5-AC
RT6-AC

It)
KT6
RT7-AC
RT7
50
RTS-AC
RTS
60
RT: Rooting medium: AC; Activated charcoal; NAA: Naphthalene acetic acid

6
7

4
4

The plants with well established roots were then transferred to plastic pots having
sterilized soil mixture (sand, peat moss, and garden soil with 2:1:1). Hie individual pots
were covered with poly bags to maintain high humidity and in vitro grown plants were
allowed to acclimatize in growth room conditions,
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RESULTS
Genetic transformation of sugarcane offers several advantages over classical breeding and

it is now routinely used to improve traits by inserting genes of interest in elite cultivais.

There are different methodologies being used for gene transfer and each usually requires

an efficient regeneration system to raise whole plant from tissue which has been
genetically engineered, Furthermore, the technology not only requires high regeneratt' 'it

frequency but target tissues amenable to gene transfer by specific DNA transfer
methodology being employed. This could only be achieved in vilro under control I -d

environmental conditions and by manipulating composition of growth medium. The first
aim of tlte present study was therefore, to establish a tissue culture regime for effective

DNA delivery' to sugarcane

tissues.

Various experiments were performed using young

leaf roll explants from two field grown sugarcane cultivars i,e, HSF-240 and CPF-237,
The tops of the field grown plants were divided into two parts (I and 2) as mentioned in
section 3,1 and explants obtained from each part were subjected to various treatments to
study the effect of two auxins (2,4 -D and picloram) in the presence or absence of casein

hydrolysate on callus induction and somatic embiyogenesis, Total 24 medium

combinations (12 each for 2,4-D and picloram; Table 3,1) were employed and effect of
explant position was also exploited while studying effect of each of the 24 treatments.

3.5

Callogenesis and Somatic Emforyogencsis

3,5,1 General Observations

Callus initiation was generally started on all media compositions, irrespective to explain
position and cultivar, within first two weeks although they differed in frequency of callus

initiation and somatic embryo genes is (Table 3,4 and 3,5), Moreover call! obtained during
the study were classified into various types on the basis of appearance (embryo genie vs
non-embryogettic) texture (compact vs friable), structure (amorphous vs morphogenic),
cell types [nodular vs elongated}, and colour (whitish-creamy vs greenish-yellow) and

eight obviously distinguishable types are shown in Fig. 3.2 (A-F), These different types of
calli were observed

on all media compositions but medium having 2,4-D (2-3 mg/L)

along with casein hydrolysate (600 mg/L) produced more callus with nodular,
embryogenic texture (Fig 3.2-E) while all other combinations produced less callus of this
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type. Furthermore, it was observed that nodular, embryogenic callus appeared from both

cultivars cm MS medium supplemented with 2,4-D (2 or 3 mg/L) and casein hydrolysate
(600 mg/L) whereas this callus type was observed only from HSF-240, but not from CPF-

237. when MS medium was supplemented with picloram (2 or 3 mg/L).
A

B

C

D

E

T1
‘

Fig. 3,2: Types of calli observed on medium D3C2 (MS + 3 mg/L 2,4-D + 600 mg/L casein hydrolysate)
initiated from youg spindle leaf explants of cv. HSF-240.
(A) hard, compact, yellow coloured callus (2X>: (B) soft, compact, yellow coloured callus (2X); (C) soft,

amorphous, while callus (2X); (D) soft, mucillagcooous, withe-yellow callus (3XL (E) compact- friable,
nodular, yellow-green callus (3X); (F) dry, compact- friable, nodular, whhe-ycllow callus (3X).
Images were captured after 40 days of incubation with one subculture in between.

3.5.2 Effect of Medium Composition and Explant Position
3.5.2.1

Response of Cultivar HSF-240

For callus induction and direct somatic embryogenesis, MS medium supplemented with 2

or 3 mg/L 2,4-D and 600 mg/L casein hydrolysate (D2C2 and D3C2; Table 3.1) proved
excellent for cv, HSF-240. We observed appearance of nodular structures, resembling
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pro-embryos, directly from the cut ends of leaf whorls within 10-14 days of initial culture
on both media compositions i.e. D2C2 and D3C2. This observation was further confirmed

under stereomicroscope (Wolfe). These calii were compact-friable and started to
proliferate vigorously when subcultured to fresh medium (Fig. 3.3 and 3.4). On medium

D2C2 (MS + 2 mg/L 2,4-D + 600 mg/L casein hydrolysate) frequency of direct somatic
embryogenesis was 60% and 43% for cxplants obtained from position I and 2,
respectively. While on medium D3C2 (MS + 3 mg/L 2.4-D + 600 mg/L casein

hydrolysate) it was 63% and 48% for explants obtained from position I and 2,
respectively (Table 3.4).

71

B

*

Fig. 3.3: Direct somatic embryogenesis in cv. HSF*240 on medium D2C2 (MS + 2 mg/L pictoram + 600
mg/L casein hydrolysate)
(A) 1 5 days after explant (young spindle leaf) incubation (2X); (B) 30 days after explain incubation (3X).

V-

Fig. 3.4: Direct somatic embryogenesis in cv. HSF-240 on medium D3C2 (MS + 3 mg/L pictoram + 600
mg/L casein hydrolysate).
Image was captured (at 3X) 30 days after explain (young spindle leaf) incubation

MS medium having 2 or 3 mg/L picloram with 600 mg/L casein hydrolysate
(P2C2/P3C2; Table 3.1) also proved good (for callogenesis as well as somatic

embryogenesis) for cv. HS-F240 (Fig. 3.5) although it was not better than medium
supplemented with 2 or 3 mg/L 2,4-D. The frequency of somatic embryogenesis for the
two explant positions (1 and 2) was 53% and 38%, respectively on medium P2C2 (MS +
2 mg/L picloram + 600 mg/L casein hydrolysate). While on medium P3C2 (MS + 3 mg/L
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was 51%
picloram + 600 mg/L casein hydrolysate), frequency of somatic embryogenesis
and 33% for position 1 and 2, respectively (Table 3.4).

B

A

Fig. 3.5; Direct somatic embryogenesis in cv. HSF-240 on MS medium supplemented with picloram
(A) on medium P2C2 (MS + 2 mg/L picloram + 600 mgT casein hydrolysate) (2X)
(B) on medium P3C2 (MS + 3 mg/L picloram + 600 mg/L casein hydrolysate) (3X)
Images were captured after 30 days of explant (young spindle leaf) incubation.
Table 3.4: Effect of auxins (2,4-D or picloram). casein hydrolysate and explanl position on somatic
embryogenesis in cv. HSF-240.
CV.

Sr.
NO.

Medium
code as per
tabic 3.1

2
3

DIC1
DIC2
D1C3

4

D2CI

5

D2C2

6

D2(

7

D3C1

8
9

MO

S.E.

(%)
P-l
P-2

(%)
P-l
l’-2
OS
12
(6
09

54
58

48
46

43

44
52
06
66
49
82
77
46

57
99
15
59

11

D3C3
P4C1
134 ("2

12

D4C3

98
92
55
56
60

13

Grand mean

67.5

10

CV. IISF-246

HSF-240

CL

48
63

59

16
17
60

Sr.
NO.

16

22

S.E.

(%)

(%)

P-1

P-2

si

47

43

5

33
14

6

P2C3

7S

60

56
84
65

42
72

2
3
4

II

63
58
17
17

CL

PIC1
P1C2
PIC3
P2C1
P2C2

I

13

49

Medium
code as per
table 3.1

54

44

41
54
87

40
50

a

7

P3CI

8

43
12

9
10

P3C2
P3C3
P4C1

49

10
47

II
12

P4C2
P4C3

56
62

13

Grand mean

30.25 24.5

78

59
46

49

58

P-1
10
14
II

P-2
II

14
S3

13

37
15
51
40

07

09

38
31
06

II

33
2‘>
07

14
19

26

12

61.5 53.8 24,9 18.5

MS
NS
Significance
14
Significance
14
Cl: callus initiation; SE: somatic embryogenesis. Mean values (presented here as percentages) were
calculated by Duncan's multiple range test of three independent experiments. Each experiment involved 30
explants per treatment and values were scared after 2 month culture on respective medium with one subcuhuting to fresh medium. * significant; NS non significant (p = 0.05; df = I and 70).
D2C2: MS + 2 mg/L 2,4-D 4 600 mg/L casern hydrolysate; D3C2: MS 4 3 mg/L 2,4-D + 600 mg/L
casein hydrolysate; P2C2: MS + 2 mg/L picloram 600 mg/I. casein hydrolysate; P3C2: MS + 3 mg/L
picloram 4 600 mg/L casein hydrolysate; PI and P2 represent explants position 1 and 2, respectively
(section 3.1; Fig 3.1-A and 3,1-B).

-

3.S.2.2

-

Response of Cultfvar CPF-237

Somatic embryogenesis in cv, CPF-237 was excellent on MS medium supplemented with
2,4-D (2 or 3 mg/L: Fig, 3.6) as compared with MS medium supplemented with picloram
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(2 or 3 mg/L). In MS medium having picloram (2

or 3 mg/L) only callus initiation and

proliferation was observed and there was very Jess somatic embryogenesis as evident
from Fig. 37 and data presented in Table 3.5.

r*>

B

A

Fig. 3.6: Direct somatic embryogenesis in cv, CPF-237 on MS medium supplemented with 2,4-D
(A) on medium D2C2 (MS + 2 mg/L 2,4-D + 600 mg/L enwin hydrolysate) (2X)
(B) on medium D3C2 (MS + 3 mg/l. 2,4-D + 600 mg/L casein hydrolysate) <2X)
Images were captured after 30 days of explant (young spindle leaf) incubation.

A

B

Fig, 3.7: Caitogenesis in cv. CPF-237 on MS medium supplemented with picloram.
(A) on medium P2C2 (MS * 2 mg/l. picloram + 600 mg/L casein hydrolysate) (2X)
(B) P3C2 (MS + 3 mg/L picloram + 600 mg/L casein hydrolysate) (2X)

Images were captured after 30 days of cxplant (young spindle leaf) incubation.

Furthermore, more morphogcnic and cmbryogenic catli

were produced using explants

obtained from distal part (numbered as 1) as compared to proximal part. Maximum
somatic embryogenesis frequency (68%) was achieved when explants from position 1

were cultured on medium having 2,4-D (3 mg/L) and casein hydrolysate (600 mg/L)
while less somatic embryogenesis (45%) was observed on same medium with explants
from position 2 (Table 3.5). Thus position of explants again, as was in cv. HSF-240,
proved limiting factor for induction of somatic embryogenesis and the two explant

positions exhibited varying response. The effect was same for both auxins types i.e. 2,4-D
and picloram (Table 3.4 and 3.5), thus highlighting role of explants position for
achtevening better somatic embryogenesis in sugarcane.
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_

l ublc 3.5: Effect of auxins (2.4-D or pktoram). casein hydrolysate and explain position on somatic

embryogenesis in cv. CPF-237.

Sr.
NO.

_ __
!
2

3
4

5
6

“

_J.
10

Ji
12

13

Medium
code ns per
table 3.1
Ul Cl

DIC2
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CV.
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(%}

P-1
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58

Sr.
NO.

S.E,
(%)
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P-2
44
41
39
49

M

P-2
07

H
14
13

13
10
12

D2C3

41
55
89
81

!)3C1

56

61
47

D3C2
D3C3
D4C1
P4C2
D4C3
Grand mean

85.

78

68

45

73
42

53
19
21
18

39
09
09

28.7

86

57
54

58
64 J

85

49

60
55.7

14
52
44

41
37

18

12

2
3
4
5

Medium
code as per
table J.l

P1CI
P1C2
P1C3
P2CI
P2C2

CV. CPF-237

Cl.

_

(%)

57

P-2
40
42
33
39
54
49

P-1
41
37
58

S.E.
P '0

ELXJ-X.
06
r,

OS

10
11
06
OR

t<8
rin

6

P2C3

76
65

7
S

P3C1
P3C2

44
62

48
_6I

L-

9

P3C3

58

09

UH

P4C1

37

lift

07

45

10
11
12

Oft

13

43
54
46.5

10

23.2

52
46
40
51
52.5

NS

P4C2
P4C3
Grand mean

11

08
O?

JE
<T

I

07“

05

8.7

7.0
NS

SignUknncc
Significance
14
initiation;
T.
callus
SE:
somatic embryogenesis. Mean values (presented here as percentages! V. J c
<
calculated hy Duncan's multiple range test of three independent experiments, Each experiment involved 35
explains per treatment and values were scored after 2 month culture on respective medium with one sul>culturing to fresh medium. * = significant; NS non signifteam (p =* 0,05; df = 1 and 70).
U3C2; MS + 3 mg/L 2,4-0 + 600 mg/L casein hydrolysate; PI and P2 represent explant posliion I and 2.
respectively (section 3,1 ; Fig. 3,1-A und3,l-B)

14

«

Ho

-

3.5.3 Effect of Desiccation

On the basis ol published reports about positive effects of desiccation in inducing somatic
embryogenesis (Garcia el a!., 2007; Kaur and Gosal, 2009), we performed experiments
using four selected media compositions (D2C2, D3C2, P2C2 and P3C2; Table 3.1) each

solidified with three different gelling agent quantities i.e. 0.8%, 1.2% and 1.6% of agar.
We found, like earlier reports, that desiccation factor had stimulatory effect on emergence
of somatic embryos. Frequency of somatic embryogenesis was considerably increased
when we increased the quantity of gelling agent to 1.2% or 1.6%. The maximum somatic
embryos were observed on medium solidified with 1.2% agar followed by 1.6% and then
0.8%. The frequency of somatic embryogenesis in cv. HSF-240 was 71%, 74%, 64% and
64% on media D2C2, D3C2, P2C2 and P3C2, respectively when each medium type was
solidified with \2% agar. While in cv. CPF-237, it was 67%, 69%, 18% and 17% on
media D2C2, D3C2, P2C2 and P3C2, respectively at 1.2% agar. Thus stimulatory effect
of increased agar quantity (desiccation) was obvious in both cultivate (HSF-240 and CPF237, Table 3.6), though more prominent in HSF-240, exhibiting importance of
desiccation (or reduced moisture content) in culture conditions to induce somatic
embryogenesis,
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Tstfilc J.6: Effect of desiccation (increased gelling agent) on somatic embryugenesrs {ev.

HS(-'-24t1

and

CPE-237 >.

Sr. No.

Treat in r lit code
as per (able 3.1

Agar
cun mil ration
(%>

HSF-240

CPF-237

SE(%)

0.8
t.2

57
71_

1.6
<1.8

5'
54

SE (%>
52
67
55
44

1.1

DK2

1
2
3
4
S
6
7
8
9
10
LI
12
13
14

mci
mci

ivn
BQ

:

14
0J

P2C2

F1C2

U
1.6

74
64
53
64
51

F3C2
P3C1
P3C2

0.8

51

1.2
1.6

64
49

P3C1

Grand mean

58,7

6*
51

ns

IS
16
OS

n
II
34.5

Significance

SE: Somatic cmbryogcncsb frequency. Mean values (presented here as perutniEigcs) were calculated b)
Duncan's multiple range tcsl of llircc independent experiments. Each experiment involved 30 explains pci
Trent merit and values were scored after 2 month culture on respective medium with one sub-cut luring to
respective fresh medium. * " signilicanl; MS= non significant (p = 0.05; df 1 and 70).
MCI; MS + 2 mg/1. 2 A-D + 6(H) mg/L casein hytirolysulc: D3C2: MS 3 mg/1. 2T4-D + 600 mp/!,
'
casein hydrolysate; P2C2; MS + 2 ttig/L piclonun + 600 mg/1, casein hydrolysate; P3C2: MS + 3 mj: L
pie Inrum + 6(10 mg/L cusein hydrolysate

3.6

In Vitro Shoot Regeneration

Studies pertaining

were cond noted to develop an efficient
regeneration system for two cultivars under study. The effect of three hormones i.e, 2,4-D
(an auxin), BAP and TDZ (cytokiniits) were assessed individually as well as in
combination of 2,4-D
cither of cytokmins i.e. BAP or TDZ (Table 3.2), Twelve
lo in vitro regeneration

week old caili Initiated and maintained on alternated auxins doses (3 mg/L alternated wiih
1 mg/L 2,4-D) or continuous high auxins (3 mg/L 2,4-D) concentrations were used in
these experiments. Thus direct effect of auxin<ytokmins ratio in culture medium and
effect of previous culture conditions (high -low auxin regime) were evaluated in terms of
regeneration frequency.

3.6.1 Shoot Initiation
3.6.1.1

Response of Cultivar HSF-240

Cultures were established in solid regeneration medium (MS medium supplement with
2,4-D and either BAP or TDZ) Table 3.7 and 3.8), Of different treatments applied, SIM-

15 (MS + 2 mg/L TDZ) was proved excellent followed by SlM-7 (MS + 0.5 mg/L 2,4-D
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+ 2.0 mg/L BAP). Calli started showing green shoot initiation regions within first two
weeks on these media compositions (Fig. 3.8). The maximum shoot initiation frequency
(82%), on medium SIM- 1 5. was observed from calli initiated on alternate auxins
treatment, while frequency of shoot

initiation was 69% when calli from continuous auxins

treatment were exploited for their regeneration potential (Table 3.8). Similarly, on

medium SIM-7, there was 23.68% increase in shoot initiation among calli cultured on

alternate high and low doses of 2.4-D (Table 3.7). Thus the calli cultured on alternate
high-low auxin concentrations proved more responsive in terms of shoot initiation and

this was true for both media compositions i.e. SIM-7 and SIM-15 (Table 3.7 and 3.8).
3.6.1.2

Response of Cultivar CPF-237

For cultivar CPF-237, SIM-15 medium (MS + 2 mg/L TDZ) proved better for shoot
initiation (Fig. 3.9). Furthermore, as in cv. HSF-240, high shoot initiation frequency
(73%) was observed from calli initially cultured on alternate high and low 2,4-D doses
(Table 3.8). While on the same medium composition (SIM-15) less shoot initiation
frequency (59%) was observed for calli initially cultured on MS medium having 3 mg/L
2,4-D continuously (Table 3.8).
A

3

Pi*. 3.8: Shoo! initiation in cv. HSF-240 after 30 dayi culture on shoot initiation medium
(A) on solid SIM-1 5 (MS + 2 mgd. TDZ) regeneration medium (2X)
(B) on solid SIM-7 (MS + 0.5 mg/L 2,4-D + 2.0 mgL BAP) regeneration medium (2X)

A

B

Fifr 3.9: Shoot initiation in cv. CPF-237 after 30 days culture on shoot initiation medium

(A and B) on solid SIM-1 5 (MS +

2 mg/L TDZ) regeneration medium (3X)
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3.6.2

Shoot Proliferation (cv. HSF-240 and cv. CPF-237)

After one month on solid regeneration medium calls from all twenty four treatments were
shifted to fresh liquid medium (in jelly jars with cotton support at base) of same

composition. These were maintained in respective medium for two months with one subculturing after 30 days. The data was recorded for shoot length after 45 days and results

are presented in Table 3.7 and 3.8. It was noted that although medium SIM-15 was much
better for shoot initiation (as mentioned earlier) but significant difference was observed in
terms of shoot length (Table 3.7 and 3.8) and vigour of shoots. The shoots on SIM-15

medium were smaller and were comparatively thinner as compared to shoots obtained on
medium SIM-7 (Fig. 3.10 to 3.13). Thus SIM-15 medium proved effective only for shoot

initiation but not for shoot elongation. And for better growth of plantlets SIM-7 medium
(MS 4* 0.5 mg/L 2.4-D + 2.0 mg/L BAP) proved much better as compared to all other
media compositions. The average shoot length in cv. HSF-240 was 3,2 cm on SIM-7
medium after 45 days culture. On the other hand in cv. CPF-237 average shoot length was

2.8 cm on same medium composition (Fig. 3.10 to 3.13). While in medium SIM-15, the

average shoot length was 2.1 and 1.8 cm for cv. HSF-240 and cv, CPF-237, respectively
during same time period (Fig. 3.10 and 3.M). Thus these in vitro regeneration results
further proved that HSF-240 is a superior cultivar. as was in case of somatic
embryogenesis, as compared to CPF-237 which again proved somewhat recalcitrant and

less responsive to certain hormonal combinations (Table 3.7 and 3.8).

A

B

Fig. 3.10: Shoot proliferation in cv. HSF-240 after 45 days of incubation
(A) on SfM-15 (MS + 2 mg/L TDZ) liquid regeneration medium (2X)
(B) on SIM-7 (MS + 0.5 mg/L 2,445 + 2.0 mg/L BAP) liquid regeneration medium (2X)
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‘if. 3.11: Shoot proliferation in cv, CPF-237 after 45 days of incubation

SIM- 1 5 (MS * 2 mg/1 TDZ) liquid regeneration medium (2X)
1) on SIM-7 (MS + 0.5 mg/L 2,4-D + 2.0 mgT BAP) liquid regeneration medium (2X)
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Fig, 3. : Shoot proliferation in cv. HSF-240 after 60 days of incubation
(A) on v'M- 1 5 {MS + 2 mg/L TDZ) liquid regeneration medium (2X)
(B) on 1'. '4-7 (MS + 0.5 mg/L 2,4-D + 2.0 mg/L BAP) liquid regeneration medium {2X)
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Fig. 3.12, Shoot proliferation in cv. CPF-237 after 60 days of incubation
(A) on S M- 1 5 (MS + 2 mg/L TDZ) liquid regeneration medium
(B) on S M-7 (MS + 0.5 mg/L 2.4-D + 2.0 mg/L BAP) liquid regeneration medium
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*
SI; Shoot initiation frequency us calculated after 30 days of incubation on solid regeneration medium; St: Length of shoots us measured from randomly selected 20 planslet
of each independent experiments [n = 60 (20 x 3)] after 45 days of incubation on liquic regeneration medium; Air. dose: Explains were cultured alternately on MS medium
supplemented with 3 mg/L 2,4-D and 1 mg/L 2r4-D (each lor 3 weeks} for total of 32 weeks; Con. dose- Explants were cultured coitlinuously, with sub-cutluring
periodically, on MS medium supplemented with 3 mg/L 2,4-D for total of 12 weeks. S1M-I5: Regeneration medium (MS + 2 mg/L ID/).
Means followed by same letters within a column do not differ significantly according In Duncan s Multiple Range Test (p = 0.05; df I and 70)
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In Vitro Rooting

3.7

After successful shoot regeneration when shoots attained height of about 4-5 cm. these

were shifted to different rooting media compositions as described in materials and
methods (section 3.4.3; Table 3,3). The effect of NAA, sucrose quantity and addition of
activated charcoal was assessed in terms of root length and vigour of roots. The two
media compositions (RT4-AC and RT8-AC; Table 3.3) produced better roots in both

cultivars with insignificant difference with each other (Table 3.9). RT4-AC was
consisting of MS basal salts supplemented with 3 mg/L NAA, 60 gm/L sucrose and 0.5%
activated charcoal while RT8-AC had same composition but with 4 mg/L NAA. Thus

NAA at concentration 3 or 4 mg/L proved good for root initiation from in vitro
regenerated sugarcane shoots. Furthermore, there was significant difference between

medium with and without activated charcoal. Shootlets cultured on RT4-AC (activated
charcoal added) produced better roots as compared to cultured on RT4 (activated charcoal
omitted) (Fig.3.13). Similarly, culturing of plantlets on RT8-AC (activated charcoal
added) resulted in roots with better vigour

as compared to roots produced on RT8
(activated charcoal omitted). Moreover it was obvious from the length and vigour of roots
that increased sucrose was also having enhancing effect on rooting of regenerated
shootlets. Thus media RT4-AC and RT8-AC having 60 gm/L sucrose resulted in better
root formation as compared to medium having 30 gm/L sucrose (RTI and RTS medium;
Table 3.9).

V

1*1

B
>5

Kig, 3.H: Root initiation and development in cv. HSF-240 after 20 days ofincubalion
(A) on RT4 {MS + 3 mg/L NAA * 60 gnv I . sucrose) rooting medium (2X)
(B) on RT4-AC (MS + 3 mg/L NAA + 60 gm/L sucrose + 0.5% aciivated charcoal) rooting medium (2X)
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Fig. J.1J: Root initiation and development in cv. CPF-237 after 20 days of incubation
{A) 00 RT4 (MS + 3 mg'L NAA + 60 gm/L sucrose) rooting medium (3X)
(B) on RT4-AC (MS + 3 mg/L NAA + 60 gmT sucrose + 03% activated charooal) rooting medium (2X)

Table 3.9: Effect of NAA, sucrose quantity and activated charcoal on length of roots established from in
vitro grown planllcts (ev. HSF-240 and CPF-237),
CV.

Sr.
No.

2
3
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(TOg/L)

00
3

3

4

3

5

3
4
4
4
4

6
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U3+0-QP
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1 .88 + 0.22{
2.16-0.34°

2.2910,41°

1.38 + 0.21"

2,62 ± 0.451

1.7210ÿ

3.56±0J1°
1. 78+ 0.1 3'
2.35 + 0. 1 r
2.88 + 0ÿ3v

1.44 10.27*'
1 .6510.44J

(cm)

t,98l 0.19*
1.2110.IT

15)10,13ÿ

1.9610-IT
2.02 + 0.3 4fl
2.50 + 0,45*
1.62 + 0.52'
2.10 + Q.6)13
2.48 - 0.28*

i,67±oay
50
1.9710.19*
9
2.14+0.30°
60
I.9010 221 2.32 + 0.36'
3.5310.29'
1,3 10,15
1,68
0,25
Grand mean
10
+
1.910.32
2.4510.20
Significance
it
RL: l ength of roots as measured from randomly selected 10 plant!ets of each independent experiment [n =
30 (10 x 3)] after 20 days of incubation on liquid rooting medium (Tabic 3.3). Means followed by same
letters within a column do not differ significantly according to Duncan's Multiple Range Test (p = 0.05; df
= 1 and 70).
8

A

A

\

x\

B

I

Fig. 3.16: In vitro grown plant (ets with well established roots.
Roots were removed from medium, washed with sterile water and ready for potting in sterilized soil,
Images were captured (at IX) after 40 days of culturing on liquid RT4-AC (MS + 3 mg/L NAA I 60 gm/L
sucrose + 0,5% activated duirco&U rooting medium
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DISCUSSION
Sugarcane tissue culture studies were started after 1950 and initial reports on sugarcane
callus initiation and regeneration were published in 1960s (Nickell, 1964, Barba and
Nickel. 1969; Heinz and Mec, 1969). Thereafter, studies pertaining to callus initiation.
somatic embryogenesis and in vitro regeneration were conducted to exploit response of

several sugarcane genotypes to optimize parameters of plant transformation and to raise
transgenic plants. In this regard somatic embryogenesis is one of the areas majorly

explored {Guidendoni et al.. 1995), initially, as a substitute system to meristem culture but

now as a central part of sugarcane transformation (Bower and Birch. 1992). Somatic
embryos are considered better target for Biolistic based transformation methodology
(Lakshmanan et at., 2005, Lakshmanan et al., 2006). During the present work, effect of
two different auxins i.e. 2,4-D and picloram were examined to induce somatic

embryogenesis in two local cultivars (HSF-240 and CPF-237). Each auxin type was used.

individually, in four different concentrations (1-4 mg/L) and in combination with three
different concentrations of casein hydrolysate. Total 24 different combinations (Table

we found that each combination was having different effect not only
on callus initiation or somatic embryogenesis but also on morphology of calli. We
3.1) were used and

observed, during present study, various kinds of calli with different morphological

characteristics which were classified into eight distinguishable types. Calli with different
morphologies have also been reported before (Liu et al.. 1972; Fitch and Moore. 1990)

and Ho and Vasil (1983) reported existence of three morphologically distinct callus types:
(i) hard, compact, and embryo genic; (ii) soft, friable, scmi-translucent, but non-

embryogente; and (iii) mucilaginous, soft, shiny, and non-embryogenic (Lakshmanan et
al., 2006). Analogous to these observations, Shaheen and Mir/a (1989) and Khan et al.

(1998) also reported two types of calli, i.e. compact, dry calli (Type A) and non-compact

call! with globular structures (Type B). Basnayakc et al. (2011) reported four callus types
i.e, compact friable,

soft and sticky in their study conducted on sixteen Australian

cultivars.
2.4 -D and picloram not only resulted in different morphological callus types, as
mentioned above, but also produced comparable results in terms of callus initiation and
somatic embryogenesis. Both auxins were able to induce somatic embryogenesis in

explants from cv. HSF-240 when used at concentration 2-3 mg/L along with casein
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hydrolysate (600 mg/L), Hence, 2-3 mg/L of 2,4-D and picloram could be used to

establish initial cultures in HSF-240. Aftab et at. (1996) and Snyman et at. (2000) al

o

reported highest callus induction frequency for various sugarcane cultivars using MS

medium supplemented with 2,4-D (3 mg/L). Wc found that at this concentration 2.4-D

was not only having stimulatory effect in terms of better callus initiation and proliferation
but also inducing somatic embryogenesis and these findings are in harmony as reported
before for other local cultivars (Aftab et at., 1996; Aftab and Iqbal, 1999; Ali et tit..
2008). Moreover 2,4-D at concentration 3 mg/L was also proved good to induce somatL
embryogenesis in second cultivar under study (CPF-237) but addition of picloram. instead

of 2.4-D, did not prove belter to induce somatic embryogenesis in this cultivar, although
callus initiation and proliferation was observed using picloram at 2-3 mg/L. This revealed
the genotype independency of 2,4-D effect in inducing somatic embryogenesis. Nickcll
(1977), Vasil (1987), Liu (1993) and Ramanand (2006) also reported same findings about

genotype independency of auxin 2,4-D for achievening callus initiation and somatic
embryogenesis in different sugarcane cultivars. Similarly, Karim et

at. (2002), Siddiqiii

(1992) and Naz et at. (2008) also found addition of 2,4-D critical for callus initiation and

somatic embryogenesis in Pakistani cultivars.

In vitrt) growth of plants is not only highly genotype dependent but also different exploit!
types obtained from same plant exhibit varying in vitro response. Moreover

developmental age of the parent plant also has stimulatory or inhibitory effect on in vitro
culture response of a specific explant type. For sugarcane, various cxplanl types like pith
parenchyma, bud primodio, leaf segments, young leaf spindles with or without preemergent inflorescence are being used to induce callus, somatic embryogenesis and shoot

organogenesis. In the present work, young spindle leaves were used as explants to induce

somatic embryogenesis as these have previously been well-known as good source for
callus initiation (Ahloowalia and Maretzki, 1983) as well as somatic embryogenesis (Ilo

and Vasil, 1983; Chen et at., 1988; Brisibc et at., 1994; Aftab and Iqbal., 1999; Ali et at,
2008). Furthermore, the positional effect of the exptams was also Investigated and it was

found having significant effect on callus induction and emergence of somatic embryos,
We found that explants obtained from distal segments (away from top; towards base)

produced better embryogenic calli and hence better regeneration frequency was obtained.

These results are in accordance to findings reported by Ho and Vasil (1983) and Vasil
(1987), They reported that type and efficiency of callus production is dependent on
developmental age and position of expiant tissue in the leaf. Similarly, Lakshmanan et at.
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(2006) reported that a regeneration gradient exists in the leaf roll segments anil it
decreases, gradually,

from basal to the upper end of apical region. Tic I et al. (2006) also

evaluated the positional effect of explants on direct regeneration using five segments

obtained from the basal stem to the leaves. They used two Cuban cultivars to determine
this positional effect and they found largest number of plantlcts were regenerated from
the first two (starting with basal end) segments of the stem. Similarly, Joshi (2000) iiile
conducting Ph.D. dissertation work also concluded that it is good to use spindle leaf

explants that are close to the meristem and orient them vertically with their distal ends in
contact with the medium. But he also added "however, cultivars should be independent])

evaluated as there can be significant genotype effects". Thus, our results supported die
observations of Ho and Vasil (1983), Vasil (1987), Lakshmanan et at. (2006), TicI i t al.
(2006) and Joshi (2009).

Increased desiccation in the culture vessel, by increasing quantity of gelling agent agar,
also resulted in enhanced somatic cmbryogcncsis in both cultivars (HSF-240 and CPF-

237). The same is reported before by Garcia el at. (2007) while working on four Brazilian

sugarcane varieties. They concluded that desiccation of call! in laminar How was resulted

in enhanced somatic cmbryogcncsis as welt as high regeneration efficiency of all cultivars

under study. Similarly, Kaur and Gosal (2009) while working on three Indian sugarcane
cultivars i.e. CoJ 64, CoJ 83 and CoJ 86. They concluded in their study that double agar

more embryogenic calli and the regeneration potential of these call! was
also higher as compared to calli cultured on control medium (0.8% agar). Recently,
Malabadi et at. (2011) also reported use of partially desiccated embryogenic tissue

(1.6%) produced

clumps for enhanced somatic cmbryogcncsis in six Indian sugarcane cultivars Lc.
Co94032, CoC67t, Co86Q32, SNK7S4, SNK61 and SNK44. We here observed that 1,2%

agar is sufficient to induce maximum somatic cmbryogcncsis. in cv, HSF-240 and cv.
CPF-237, although 1.6% produced more somatic embryos as compared to control (0.8%)

but it was less than frequency of embryogenic calli produced when medium was

solidified with 1.2% agar. This contradiction from work of Kaur and Gosal (2009) might
be due to genotype interactions os variable response of individual cultivars is w'dl
documented in published literature (Hoy et al., 2003; Munir and Aflab, 2009; Joshi,
2009),

In vitro regeneration is usually achieved by a combination of high cytokinins to low
auxins ratio in the medium (Islam et al., 1982). Wc, in the present study, investigated the
role of cytokinins (BAP or TDZ) added along with auxins 2,4-D to induce shooting in
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previously cultured calti. The calli were initialed either using continuous high dose of
D (3 mg/L) or alternate high (3 mg/L) and low ( I mg/L) doses of 2,4-D. I hus effect of 2.1
different medium compositions (Table 3,2) and of previous callus culture conditions was

2,4*

evaluated in terms of regeneration potential of call!. Of the total 22 medium
combinations, application of StM-15 (MS medium supplemented with 2 mg/L Tl)2) and
SIM-7 (MS + 0.5 mg/L 2,4-D + 1 .0 mg/L BAP) resulted in higher rate of shoot initiation.
It is already well established that cytokinins like BAP regulate cell differentiation and
regeneration in almost all plants and Irvine and Benda (1987) reported addition of
cytokinins to the medium resulted in differentiation of explants and also of sugarcane

calli which further resulted in shoot initiation (Irvine et at,, 1991). Previous studies
conducted involving Pakistani cultivars also reported same observations that BAP at
concentration 1-2 mg/L and without or with reduced levels of 2.4-D can induce shoot

initiation in sugarcane calli (Islam et at., 1982, Nia* and Quraishi, 2002). In our results

TDZ produced higher shoot initiation frequency as compared to BAP. Although BAP is
well reported but TDZ has also been now included in the list of growth regulators that can
effectively be applied for shoot multiplication (Mok and Mok, 1985). Murthy et at.
(1998) concluded that TDZ was better than any other growth regulators for in vitro
regeneration as it directly effect through its own biological activity. Galfo-Mcagher et at.
(2000) observed higher number of in vitro regenerated sugarcane shoots on MS medium

supplemented with ImM TDZ. Similarly, in other studies, Chengalrayan and GulloMeagher (2001) and Jain et at. (2007) reported that TDZ was superior to other growth
regulators and its addition in MS medium resulted in higher number of plantlets per
callus. Dhawan et at. (2004) reported that TDZ had stimulatory effect on multiplication of

plantlets initiated from apical domes of sugarcane, thus our results are in harmony with
previously reported literature.
Moreover, we observed that not only medium compositions but previous callus culture

conditions was having significant effect on in vitro regeneration potential of target crop.
Calli cultured on continuous auxins exhibited less shoot initiation frequency as compared
to calli cultured on alternate high and low auxins concentrations. Snyman (2000) reported

use of MS medium having reduced level of 2,4-D (0.3 mg/L) for the initiation of embryos
directly on sugarcane young leaf discs that were later used to induce in vitro plantlet
formation. Similarly, Garcia et at., 2007 also suggested use oflow 2,4-D levels (4.5 pM)
to achieve high regeneration potential in in vitro cultured sugarcane calli. A!i et at. (2008)

also recommended use of reduced level of 2,4-D for long term establishment of calli in
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culture medium and to maintain their regenerative potential. Similarly, Nasire/o/. (20 It),
while working on Pakistani sugarcane cultivars. but not including the two under present

study, applied alternate high and low doses of auxins for callus establishment. They
reported that this regime resulted in long term maintenance and higher regenerative
potential of call i as compared to catli cultured on continuous high auxins 2,4-1). Thus our
findings are in accordance to previously published results.
In the present study, after one month of callus culturing on solid regeneration medium,
calli were shifted to fresh liquid regeneration medium of same composition. The data

(length and number of shoots) was recorded after 45 days with one sub-culturing lo fresh
respecti\c medium. For both cultivars under study, SIM-15 (MS medium supplemented

with 2 mg/L TDZ) proved excellent for shoot number, as per shoot initiation frequency,
but for shoot length SIM-7 (MS + 0.5 mg/L 2,4-D + 1.0 mg/L BAP) proved belter than

SIM-15. This has already been reported by many scientists that TDZ was belter for shoot

initiation but the plantlets obtained were usually low heighted (Bates et uL, 1992; Murthy

al. (2006) also concluded that TDZ addition in
growth medium resulted in reduced shoot length of in vitro regenerated spearmint

et <J/„ 1998) Similarly, Charleson et

plantlets. Thus our findings are comparable and arc consistent with published literature.

For i n vitro rooting in sugarcane various media compositions have been described
previously. Use of simple MS basal medium without any growth regulator is reported
(Lai and Singh, 1 994; Karim et QL, 2002) but we did not observe root initiation on simple

MS basal medium. We observed better root initiation on MS medium supplemented with
3-4 mg/L NAA. NAA is growth regulator that is also reported before for root initiation

and Gill et al. (2006) observed profuse rooting in variety CoJ 83 using MS medium
supplemented with NAA (5.0 mg/L) and kinctin (0.5 mg/L). Islam et al. (1996) also

reported use of NAA and IBA (0.5 mg/L each) for root induction. Similarly, Bchcra and
Sahoo (2009) observed best rooting response when shootlcts were cultured on MS

medium supplemented with NAA (3 mg/L). AH et at. (2008) also found that NAA (2
mg/L) supplemented MS medium was most effective for root induction in sugarcane

verities BL-4 and CP 77,400.
In our study we found addition of sucrose at 6% was much better than 3%. Khan et al.
(2009) while working on three sugarcane varieties commonly grown in Sindh province

(NIA-9S, BL4 and NIA-2004) also reported use of 60 gm/L sucrose for establishment of

roots in in vitro regenerated shoots. Furthermore, we observed addition of activated

charcoal at 0.5% concentration significantly promoted the vigour of roots. This better
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effect may be attributed to ability of AC to adsorb inhibitory/toxic compounds released in
medium during in vitro growth (Fridborg it al., I97S; Mamun et ai, 2004) ami also
giving a darkened environment hence mimicking soil environmental conditions (Horner

et at.. 1977), Moreover the AC may have some direct growth enhancing effects jet not
clearly understood.

Conclusion
The results of the present study clearly revealed that for better somatic embrjogenesis
explants should be obtained from basal region of first internode. Auxin 2.4-D was best to

induce somatic cmbiyogenesis and usually its effects were genotype independent. While

picloram could replace 2,4*D but it exhibited genotype interactions as compared to 2.4 -L>.
Addition of casein hydrolysate (600 mg'L) further enhanced emergence of somatic
embryos. Moreover moisture content of culture vessel (desiccation) also played its role in
establishing somatic embrvogenesis in sugarcane using young spindle leaf explants.

The results of the in vitro regeneration highlighted that establishment of callus culture on
alternate high and low doses of auxins increased their regenerative potential and more as
well as better plantlets could be obtained us inn this auxin regime. Moreover, we found

that MS medium supplemented with TDZ (2 mg/L) resulted in considcrablj higher
regeneration frequency, though later observations also revealed that long span culturing in

TDZ supplemented MS medium reduced shoot length of in vitro grown plantlets. We
concluded that high regeneration frequency could be achieved in MS medium having
TDZ (2 mg/L) and subsequently shifting the regenerated call! in MS medium devoid of
TDZ but supplemented with BAP alone or combination of BAP and 2,4-D depending on
the genotype/s under study,

For establishing

roots in in vitro regenerated plants, it was concluded

that MS medium

supplemented with NAA (3/4 mg/L), activated charcoal (0.5%) and high quantity of

sucrose (60 gm/L) was best for both cultivars (i.e. HSF-240 and CPF-237) under study,
Overall, cv. HSF-240 proved more responsive in terms of callogenesis, cmbryogcnic

callus formation, regeneration and in vitro rooting as compared to second cuhivar (CPF*
237) under study.

54

Chapter 4

TRANSIENT GENE EXPRESSION STUDIES

Chapter 4 Transient Gene Expression Studies: Materials and Methods

MATERIALS AND METHODS
4.1

Expression Cassettes / Vectors

Transient expression studies were conducted using two piant expression vectors i.e,
pJlTl 66 (Guerineau ei a!., 1992; Walter el al„ 1994; Shu-Xin and Dao-Wen, 2000) and
pCAMBlAI301 (Adnan,

el

a/„ 2007). Both these vectors have gus (uidA;

p-

as reporter gene, under control of CaMV35S
promoter (Oddi et aU 1985). Plasmid pCAMBlA!301 also has, in addition to gu,\
expression cassette, hpt\\ gene cassette (Joshi, et al., 201 1) for conferring resistance to

glucuronidase; Jefferson

el al., 1987).

antibiotic hygromycin. The expression of hptll gene is also driven by CaMV35S
promoter <i-ig. 4. 1 and 4.2).
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4,2

-Alkaline Lysis Method

Isolation of Plasmid DNA

Plasmid DNA i.e. pJITI66 and pCAMBIAI301 were isolated, from bacterial (E.colt
DH5a) culture slocks, by method as described by Brimboim and Doly (1979). Glycerol
stocks of bacterial cultures, stored at -80°C, were obtained and streaked on LB agar plntcs
having 100 pg/mL ampicillin (for pJITI 66) and 50 pg/mL Kanamycin (for
pCAMBlAHOI). The plates were incubated overnight at 37*0 for colony growth and
then stored at -20*C for further use. To make liquid culture, a single colony of cells Tn n
each plate was inoculated in 5 mL LB broth containing either ampicillin (for p,HT 1 66) or
Kanamycin (for pCAMBlAl30l) and grown overnight at 37°C with shaking at 100 rpm

in an orbital shaker. Ceils were harvested from this culture by centrifugation at 12,000

rpm for 5 minutes at 4PC. Medium was dis arded and bacterial cell pallet was dried by
inverting the tube for about half an hour. The pallet was then suspended in 100 pL
solution I (see annexure II for solution recipes) and stored at room temperature for 5
minutes. Afterwards 200 pL of Solution 11 was added and mixed by inverting the tube,
gently, several times. It was then kept for 5 minutes in an ice containing box. After 5
minutes. 150 pL of ice cold solution HI was added and mixed immediately by inverting

it was again kept on ice for 10 minutes. Aliens ard,
centrifugation was performed at 12,000 rpm for 5 minutes at 4PC. Clear supernatant was
transferred to a new microccnlrifugc lube. An equal volume of phenokchtoroform
the tube several times

mixture (1:1) was added to the supernatant and mixed well. Centrifugation was done as
mentioned earlier. Aqueous layer was then transferred to a new tube. An equal volume of
chloroform was added and mixed well. The tube was centrifuged as described previously.
Aqueous lay er was again transferred to Fresh tube; DNA was precipitated by addition of

of cold ethanol and keeping on ice for 10 minutes followed by
centrifugation as described above. The supernatant was discarded and DNA pallet was
washed with 50 pL 70% (v/v) ethanol. After centrifugation, supernatant was discarded
two volumes

and pallet was air dried. Plasmid DNA was then dissolved in 50 pL sterile distilled water
(st.dHzO).

4.3

Restriction Analysis of Plasmid DNA (p.nT166 and pCAMBlAl301)

Plasmid pJ IT 166 was single digested with enzyme £coRI in IX £coRt buffer and was
double digested with £eaRI and //rVrdlEl in 2X Tango buffer. Plasmid pCAMBJAl30l
was also single digested with £coRL Moreover it was also digested separately with
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enzyme AVei in IX buffer Nde\. The enzyme Nile1 cuts pCAMBIAI30l at three different
points t.e. at position 4007, 6496 and 9516. Hence this single enzyme was sufficient to
confirm the integrity of pCAMBlA!301.

Briefly, each digestion mixture was consisting of I pg DNA (3-5 pL), 10 units of each
enzyme, respective buffer and st.dHjO to make volume up to 15 pL. The tubes were then
kept at 37"C in dry heat block for 3 hours (digestion with EcoR\ and/or Hindlll) or

overnight (digestion with AVfcl). Digested plasmids were analyzed by loaning desired
size fragments through agarose gel electrophoresis. A standard DMA marker

was also run

through same gel for size/length comparison.
4,3. 1

Agarose Gel Electrophoresis

Agarose gel electrophoresis (Sambrook et al., 1989; Sambrook and Russell, 2001) is a

technique used to separate DMA fragments on the basis of size. The technique is used to
analyze PCR products, restriction analysis studies and to elute/cxtract a desired DNA

fragment. Agarose gel (1.0%) was prepared by dissolving 0.5 gm of agarose in 50 mL of

IX TAE buffer. The suspension was heated to dissolve agarose, cooled to approximately

55°C and poured into gel casting tray. A plastic comb was inserted and the gel was
allowed to solidify at room temperature. The comb was removed alter gel solidification.
Each DNA sample (undigested and/or digested plasmid) was mixed with 6X gel loading

buffer in a 5:1 (v/v) ratio and loaded into wells made oy comb insertion. Electrophorcsi*.
was carried out at 80 volts in IX TAE buffer for 30-60 minutes. The gel was stained in a
solution of cthidium bromide (0.5 pg/mL) for 5-10 minutes. Then after rinsing with
water, image of the gel

was captured and saved by using Dolfin-DOC gel documentation

system (Wealtcc).

4.3.2 Elution of DNA from Agarose Gel
Lincaralized pCAMBIAI30J (single digested with enzyme EcoR\ ) was eluted from
agarose gel using DNA extraction kit (Fermentas Life Sciences). A slice of gel having the

desired fragment was cut out and transferred to a microfuge Lube. It was weighed and
three volumes binding solution (6M Nal) was added to the tube containing gel slice. The
tube was incubated at 55°C for 5 minutes (or till the gel was fully dissolved) in a water
bath. Silica solution (hilly suspended) was added to it with concentration 2 pL/pg of

DNA and tube was incubated again at 55°C for 5 minutes. Tube was inverted three to four
times during this incubation to keep silica in suspended form. Centrifugation was then
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performed at 13,000 rpm for 15 seconds at room temperature. Supernatant was discarded

and silica pallet was then washed with 500 pL wash buffer (provided in the kit) and

centrifuged as described previously. The washing step was repeated twice and after final
centrifugation, the supernatant was discarded and pallet was air dried to remove the entire
wash buffer. The pallet was then suspended in 50 pL st.dHjO by brief vortexing and the
tube was again incubated at 55°C for 5 minutes. During this incubation, DMA was eluted

into water. Centrifugation was performed as described earlier and supernatant (containing
eluted DNA) was transferred to a new microfuge tube. Elution step was also repeated twu

times to obtain maximum yield of DNA. Eluted DNA was then concentrated on
Eppendorf concentrator 5301 at 45°C for about half an hour. DNA was quantified by
taking absorbance at 260 nm wavelength on a Shimadzu Biospec 1601
spectrophotometer. This linear pCAMB!Al30l was later used (section 4.5,3} in
experiments determining effect of plasmid configuration on transient expression of
reporter gene in sugarcane.

4.4

Preparing Microcarriers for Bombardment

Preparation of microcarriers for microprojcctile bombardment is a two step process in

which firstly these are washed and later are coated with desired DNA. These DMA coated
gold particles then could be used to bombard target explants for transient as well as stable
expression studies (Sanford et aLt 1991; Sanford et aL 1993; Altpeter and James, 2005),
4.4,1

Washing of Gold Particles

Fifteen milligram of gold microparticles (I pm diameter; BioRad) were weighed in a
sterile 1 .5 mL eppendorf tube. In a laminar flow hood, 500 pL of 70% ethanol was added
and tube was allowed to stand for 15 minutes with vigorous vortexing after tw'o minute
intervals. The lube was then spun at 3,000 rpm for l minute. Later the supernatant was
removed and ice cold 100% ElOH (500 pL) was added. The lube was ultra-sonicated in
an ultrasonic water hath for 15 seconds. Afterwards, the closed tube was tapped on the
bench to gather all the droplets to the bottom of the tube. The tube was kept standing
(about 10 minutes) until all the particles had settled down completely.

It was centrifuged

at 3.000 rpm for 1 minute and again supernatant was removed. To rinse particles 1 mL ice
cold st.dHiQ was added, mixed well using vortex machine, centrifuged at 13,000 rpm for

5 minutes and finally supernatant was removed. This rinsing step was repeated three
times. But the third lime (final rinsing step) centrifugation was performed at 5000 rpm for
5S
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I minute. After third wash and removal of upper layer, 250 pL of si.dH.jO was added

again and it was vortexed well and then sonicated using iiltra-sonicaiion water bath to
make homogenous mixture. This 250 pL st.dHÿO was having 15 mg of washed gold
particles and tube was labeled as *5X gold particles'.
4.4,2 AJU| noting, Gold to

IX tubes

Ten 1,5 ml. centrifuge tubes were set out in a microccntrifuge tube rack. While vonexing
the 5X tube, 25 pL of the gold suspension was aliquot ted to each of the 10 tubes. Then.
another 25 pt. of the gold suspension was aliquot ted. to each tube, but this time beginning
with the last tube. These tubes were labeled as “IX gold particles” and each contained 3
mg gold in 50 pL st.dHA These were stored at -20°C till further use (preferably used

within two months).
4.4.3 Coating Gold Micr oca triers with DNA
Coating was performed at the day of bombardment and circular (of both pirn 66 and
pCAMBJAl30l) as well as lincaralized (only pCAMli|A!30l) forms were used, each

separately, to coat gold microcarriers. The general procedure used for coating DNA onto
gold particles is described here:
The lube labeled ”1X gold particles”

was removed from -20eC and was vortexed for 5

minutes at maximum speed to make homogenous suspension.
While vortexing vigorously, following were added very quickly in order described here:
DNA (5

jig unless otherwise mentioned)

2.5 M CaCti (50 pL)

0.1 M spermidine (20 pL)
After adding all, mixture was further vortexed for about 10 minutes. Then tube was kept
standing, for I minute, to allow the suspension to settle down. Afterwards, centrifugation

was performed for 30 seconds at 5,000 rpm in a micro -centrifuge. The supernatant was

discarded and 140 pL of 70% ethanol was added. Centrifugation was again performed as
described before and supernatant was discarded again. 'Then 250 pL of ice cold ethanol
(100%)

was added, mixed gently, and centrifugation was

performed again at 5,000 rpm

for 30 seconds. Finally 140 pL of ethanol (100%) was added and the tube was stored on
ice. This final suspension was used for bombardment (12 pL per bombardment containing

approx. 300 pg gold particles coated with 0.5 pg DNA) as soon as possible.
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Optimization of Biolistic Parameters

4.5

Experiments were performed to optimize the physical parameters [i.e. helium pressure
(rupture disk sustaining pressure), target distance and DNA quantity per shot) of the

Biolistic process as these were reported as critical factors in determining transformation
efficiency (Men el at., 2003; Altpetere/ at., 2005; Ruma el at., 2009; Joshi et at., 20 ft).

4.5.1 Effect of Helium Pressure, Target Distance and DNA Quantity
Three to four week old nodular embiyogcnic call* initiated from young spindle leaves, of
both cultivars, were randomly picked and uniformly arranged in the centre of a petri plate
(100 x 25 mm; Fig, 4.3) containing fresh D3C2 medium (MS + 3 mg/L 2,4-D + 600 mg/L

casein hydrolysate). Five pL of circular DNA (pJ!TI66 with cone. 1 pg/pL) was used to
coat gold particles as described earlier in section 4.4.3. The DNA coated gold particles

were used to bombard these cmbryogcnic calli using PDS- 1 000/He (BioRad. Hercules,
California, USA) particle delivery system. All bombardments were performed, according

to manufacturer’s recommendations, at 28 inch Hg vacuum, '/« inch distance between the
rupture disk retaining cap and macrocarrier cover lid. 1 1 mm distance between

macrocarrier and stopping screen and applying either 1100 psi or 1350 psi helium

pressure while the target plates were kept at three different levels from top i.e. level two
(6 cm), level three (9 cm) and level four (12 cm). Thus effect of helium/rupture pressure

was evaluated along with target distance from stopping screen. Three day after
bombardment, all bombarded calli were subjected to histochcmica! GUS assay (section

4.6) to score gus positive calli.
B

3
Fig. 4.3: Selection and arrangement of calli for Biolistic bombardment
(A) Modular embryogenic calli (3X) initiated on medium D3C2 (MS + 3 mg/L 2,4-D + 600 mg/L casein
hydrolysate) and (B) arranged in circle (2X) in a petri plate on fresh D3C2 medium- Images were captured
using digital camera (Canon SD1300).
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Based on the initials findings. 1 100 psi helium pressure and 9 cm target distance was
found optimum. This combination was then used in other set of experiments performed to
evaluate effect of DNA quantity used per bombardment. Six different DNA quantities
(i.e. 2.5. 5. 7,5. 10. 12.5 and 15 pg) of circular pJIT166 were used, separately, to coat

gold particles as described earlier in section 4.4.3. Twelve pL of these DNA coated

microparticles were then used, separately, to bombard calli os described in above
paragraph. This 12 pL suspension (DNA coated microparticles) was having 025. 0.5

0.75. LO. 125 and 1.5 pg DN'A for each preparation made using 2.5, 5, 7,5, 10, 12,5 and
1 5 pg DNA, respectively. The bombarded calli were then subjected to histochcmical GUS
assay (section 4.6), three day after bombardment, to score gus positive calli.
4.5.2 Effect of Pre-bombardment Osmotic Treatment

Pre-treatment of cxplants/target tissues wiih an osmotic medium (growth medium
supplemented with mannitol or sorbitol or combination of both) is reported having
stimulatory effects oil irons formation (transient as welt as stable) efficiency (Kemper er
ai, 1996: Ruma el al., 2009). Thus the effect of pre- bombardment osmotic treatment of
calli on transient GUS expression was evaluated. Embryogcnic call! were placed, Ihe day
before bombardment (late evening), in centre of petri plates having 20 mL osmotic

medium. This osmotic medium was consisting of D3C2 medium (MS + 3 mg/L 2,4-D +
600 mg/L casein hydrolysate) plus mannitol and sorbitol wiih varying concentrations of

both (Table 4.1). The call! were then bombarded using optimum physical conditions

determined in preliminary experiments. The day after bombardment these calli were
shifted to normal D3C2 medium (MS + 3 mg/L 2.4-D + 600 mg/I. casein hydrolysate) to
maintain their growth and were subjected to histochcmical GUS assay (section 4.6).
Table 4.1: Osmotic medium: concentration and combinations of mannitol and sorbitol

Sorbitol

Mannitol (M)

(M)

0.0

0.2

0.4

0.6

0.0

control

Ml

M2

M3

0.2

SI

Ml$l

M2SI

M3SI

0,4

S2_

MIS2

M2S2

M3K2

0.6

S3

Ml S3

M2S3

M3S3

(M): Molar concentration; Ml -M3 ted SI -S3:

mannitol and sorbitol concentrations, respectively
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4.6

Htstochcmical GUS Assay

Mtsiochemical GUS assay (Jefferson, 1987: Jefferson

el

at., 1987; Jefferson and Wilson,

was performed to score gw.v positive calli. Brie11 y.
the bombarded calli were removed from growth medium and were incubated at 37*C for
16-24 hours in GUS staining solution which consisted of 1,0 mM GUS substrate i.c. XGluc (5-Bromo-4*chloro-3-indo\yl-bcfa-D-glucuranidc cyclohexyl ammonium salt). 5i»
mM sodium phosphate buffer (pH 7.0), 2 mM EDTA, 0.12% Triton, 0.4 mM
1991; VitJia, 1995; Vilha et aL 1995)

ferrocyanide, 0.4 mM femeyanide, and 20% methanol an hydrate. After incubation, the

calli were observed for appearance of colour (bluc-indigo) with naked eye as well as
under stcrcomicroscopc and relative GUS expression was determined by counting number

of guv positive calli (blue foci on each callus piece). Images were then captured using
digital camera (Canon SDI300).

4.7

Stable Transformation with pCAMlJIAUOl

Experiments were performed for stable transformation of calli from cv. HSF-240 using

circular as well as lincaralced pCAMBIAI30t vector (section 4.3,2). 7.5 pg of this
vector was used to coat gold microparticles as described earlier in section 4.4.3.

were pne -(reared with optimum osmoticum medium [D3C2 medium
(MS + 3 mg/L 2,4-D + 600 mg/l, casein hydrolysate) plus 0.4 M mannitol and 0.2 M
sorbitol i.c. M2S1 medium in Table 4.1 1 as described in section 4.5.2 and bombardments
wore performed using optimized Biolistic conditions (9 cm target distance and 1 100 psi
helium pressure).
l-mbryogemc calli

4.7.1 Selection of Transformants and Regeneration

Two days after bombardment calli were subjected to hygromycin selection. These were
shifted to D3C2 (MS+3 mg/L 2.4-D+ 600 mg/L casein hydrolysate) solid medium having
hygromycin at concentration 100 pg/mL. After 20 days selection on solid medium, calli
were (hen shifted to liquid SIM- 1 5 (MS + 2 mg/L TDZ; Table 3,2) regeneration medium,

having 50 gg/mL hygromycin for shoot initiation. The surviving planilcts (putative
transgenic plants) were then shifted, after 20 days, to SIM-7 regeneration medium and
were allowed to proliferate in this medium for three weeks and subsequently were
analyzed for the presence of gus and hpt\l genes by polymerase chain reaction.
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4.7.2

PCR Analysis of Putative Transgenic Plants

4.7.2.1

Genomic DNA Isolation by CTAB Method

Genomic DNA was isolated from in vitro grown putative transgenic as well as non
transgenic plants by method, with some modifications, as described by Doyle and Doyle
(1 987 and 1990). Fresh leaves (approx. 200 mg) were ground in mortar and pestle (oven

sterilized and cooled to -20®C) with sufficient liquid nitrogen until a fine powder was

formed. This powder was then transferred into a 50 mL falcon tube containing 500 pL of
pic-warmed (60°C) CTAB buffer (see annexure II for solution recipe) and contents were

mixed well by inverting falcon lube several time. The mixture was then incubated in a
water bath at 60°C for 30-60 minutes with 3-4 times mixing after about 5 min

,te

intervals. Afterwards the tubes were cooled to room temperature. Five hundred pL of

chloroform: isoamyl alcohol (24:1) was added to each falcon tube and the contents were

mixed well by inverting falcon tubes several limes. Afterwards centrifugation was
performed at 6000 rpm for 10 minutes (4°C). Upper aqueous phase (500 pL) was

transferred to fresh falcon tube and equal volume of isopropyl alcohol (ice cold) was
added. The tube was incubated at -20°C for 3 hours (or overnight) followed bj>
centrifugation at 6500 rpm for 10 minute (at 4*C). During this centrifugation the DNA

was settled down as pallet so after centrifugation the supernatant was discarded. DNA
containing pellet was treated with 1.0 mL of wash buffer. Centrifugation was again
performed at S000 rpm for 10 min (at 4°C). Supernatant was discarded and pellet was
then dried in Speed-Vac for about 30 minutes. When the pallet was fully dried (not overdried that could make DNA dissolution difficult), 100 pL of sLdH20 containing 40
pg/mL RNAasc A was added and tube was kept at 37°C in an incubator for -3-4 hours to
dissolve DNA pellet and degrade RNA contamination. The DNA was stored at -20°C and

Inter used as template for gus and hplU gene amplification as described in coming
sections.
4,7.2.2

Primer Designing

Two primer pairs (one each for gus and Apt II) were designed as reported in literature
(Adnan et aJ.. 2007; Joshi ct al„ 201 1) using Amplify 1.0 Software (Bill-Engcis©1992,

1mp://engels.gcnetics.wisc.edu/amplify/) and the sequences are given below.
gus specific primers:
Forward primer: GATCGCGAAAACTGTGGAAT

Reverse primer: TG AGCGTCGC AGAACATTAC
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April specific primers:

Forward primer: TTCTTTGCCCTCGGACGAGTG

Reverse primer: ACAGCGTCTCCGACCTGATG
4.7.2J

PCR Amplification of gus and April Genes

The PCR process was carried out in Thermal Master Cyder (Eppendorl) and PCR

reaction mixture consisted of genomic DNA (50 ng) from putative transgenic plants, I >'
PCR reaction buffer (75 mM Tris-Ct pH 8,8, 20 mM (NR&SO*, 0.01% Tween 20), 2.0
mM MgCh, 200 pM deoxyribonuctcoside triphosphates (dNTPs i,e. dATP, dGTP, d lTi’
and dCFP), 20 prnol each of forward and reverse primers {gus or April specific), 5 units of

Tati DNA

polymerase and st.dHiO to make final volume 50 pL. The process tor

gits

gene amplification was carried out using initial denaturation at 94°C (for 5 minutes)

followed by 30 cycles of denaturation at 94°C (for 1 minute), annealing at 60°C (for 1
minute), extension at 72l1C (for 45 seconds) and finally the single time extension at 72PC
for 10 minutes. The reaction conditions for April gene amplification were same with just
one difference i.e, annealing temperature was 55PC instead of 6QPC. Plasmid

pCAMI3IA1301 (50 ng) was used as positive control, while DNA extracted from nontransgenic plants served as negative control. The amplified products were anai\7.cd on
agarose gd electrophoresis as described in section 4.3. 1 .
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RESULTS
In the present study for sugarcane transformation, we used direct physical approach

i.e,

microprqjcctile bombardment or Biolistic (Klein et al., 1987). The aim of the present

work was to stably transfer crystal insecticidal gene (cry2Ac7) of II. thuringiertsix in elite
sugarcane cultivate. It was therefore necessary to optimize the associated physical and

biological parameters to select appropriate target distance, DNA quantity and amenable
target tissue for stable transfer of the candidate gene. Thus preliminary transient

expression studies were conducted using two vectors Le. pJlTI66 (Fig. 4.1) and
pCAMBlAI30l (Fig. 4.2), both having gus reporter gene under control of CaMV35S
promoter. The results are presented in following sections.

4.S

Plasmid Isolation and Confirmation by Restriction Analysis

Plasmid DNA i.c, pJ IT 3 66 and pCAMBIAJ301 were isolated from bacterial glycerol
stock cultures and were subjected to restriction analysis as described in materials and

methods (section 4.3). Single digestion of the plasmid pJ IT 166 with enzyme EcoR\ (cuts
at 751 bp) resulted in appearance of -5.6 kb DNA band on agarose gel which corresponds
to linear pJiTl66 (Fig. 4.4*A), Double digestion with enzymes £c«RI and //mdlll (cuts at
2688 bp) resulted in the release of gus gene from vector backbone. Thus when double

digested pJ IT 1 66 was run on agarose gel, two bands of desired sizes (1.93 kb and 3.75

kb) appeared as shown in Fig. 4,4-B. Gene ruler DNA ladder mix (Fermentas Life

Sciences #*SM033 1) was also run on same agarose gel as standard DNA marker.

_
5.6 kb-

to a

9- 3.0 kb

(A)

3.7 kb
1.9 kb

_

. 1 _L _
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—

10 kb

- 3.01*

2.0 kb

<B)

Fig. 4.4: Elhidium bnornidc stained agarose gel showing enzyme digested plasmid pJ]TI66
I: Single digestion of plasmid with ficaRi; Lane 2: DNA ladder. fB): l.nnc t: double digestion of
plasmid with £eoR] and HintAU: lame 2: DNA ladder

(A) Ijwe
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Single digestion of plasmid pCAMBlA1301 with enzyme £coRI made the plasmid linear
and when run on agarose gel, a band of size -1 1.7 kb was appeared as shown in Fig. 4.5.

Plasmid integrity was further confirmed by digesting it with enzyme Nde l which cuts this
circular plasmid at three different points i.e. 4007, 6496 and 9516. Hence, three fragments
of expected sizes (i.e. 2.4S kb, 3.0 kb and 6.34 kb) were observed when digested plasmid
was run on agarose gel (Fig.4.6). Gene ruler DNA ladder mix (Fermentas Life Sciences
#$M033 1 ) was also run as standard DNA marker.

1

11-7 kb

2

3

-

-10 kb

Fig. 4.5: ['thidium bromide stained agarose gel showing single digested plasmid pCAMBlAl301
Lane 1 und 2: digestion id' plasmid with £toRJ; Lane 3: DNA ladder
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Fig, 4.6: MihidLum bromide stained agarose get showing double digested plasmid pCAMBI A 1 30 1
Lane I : DNA ladder; Lane 2 and 3: digestion of plasmid with JVdlrl

4.9

Transient Expression Studies

4.9.1 Effect of Helium Pressure and Target Distance
Preliminary experiments were performed to optimize two important physical parameters
[i.e. helium pressure (rupture disk sustaining pressure) and target distance from stopping
screen] using circular plasmid pJ[T166 as described in materials and methods (section
4.5.1). The highest GUS expression

was observed when tissues were bombarded using
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1 100 psi helium pressure and keeping target plates at level 3 i.e. 9 cm from stopping
screen (Fig. 4.7 and 4.8). All other combinations, of helium pressure and target distance,
resulted in less expression of gus gene in calli initiated from young spindle leaf explants

from both cultivars under study (Table 4.2).
Table 4. 2: Effect of target distance and helium pressure on transient GT S expression

Sr.
No.

Target Distance

Helium
pressure

(cm)

(rupture disk,

t

6
6
9
9

1100

P"i>
2
3
4
5

1350
1100
1350
1100
1350

GUS expression in
cv. HSF-240
%
44
37
62
49
23
46

% below
40

GUS expression in
cv. CPF-237
%

20
100

38
24
54

K0

41

% below

40
20
100
80
0.0
60

16
34
43,5
33.5
7
Grand mean
Percentage {%) values are mean of GUS expression frequency of three Independent experiments. Each
experiment involved 30-40 calli from each eullivar. Percentile (% below), calculate by Microsoft Office
Excel 2007, is also given for better comparison; GUS hislochemical assay (materials and methods section
4.6) was performed three days after each bombardment.
6

12
12

r\

0.0
60

&

ft
f

Fig. 4,7; Effect of helium pressure and target distance on transient GUS expression in calli of cv, HSF-240.
Bombardments were performed with 9 cm target distance from stopping screen and using 1 100 psi rupture
disk. GUS histochemrcal assay was performed three days after bombardment. Arrows are indicating GUS
expression regions. (A and B) 8X; (C and D) at 4X
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d

A

Fig. 4.8: Effect of helium pressure und larger distance on transient GUS expression in calli of cv. CPF-237.
Bombardments were performed with 9 cm target distance from stopping screen and using 1 100 psi rupture
disk. GUS histochemical assay was performed three days after bombardment. Arrows are indicating GUS
expression regions. (A and B) 8X; (C and D) at 4X.

4.9.2 Effect of DNA Quantity
Six different DNA quantities (0.25, 0.5, 0.75, 1.0, 1.25 and 1.5 pg) of vector pJIT 1 66

were used to bombard sugarcane calli. separately, as described in materials and methods
(section 4.4.3 and 4.5.1) and the results are presented in Table 4.3.
Table 4.3: Effect of DNA quantity on transient GUS expression

Sr.
No,

DNA quantity
used per shot

GUS expression in
cv, USE-240

GUS expression in
cv. CPF-237

(PC)

%

% below

%

% below

I

0.25

22

20

19

20

2

0.5

62

30

52

80

J

0.75

68

100

59

100

4

1.0

55

60

41

60

5

1.25

26

40

19

20

6

1.5

17

0.0

M

0.0

33J
Percentage (%} values are mean of GUS expression frequency of three independent experiments. Each
experiment involved 30-40 calli from each cultivar. Percentile (% below), calculate by Microsoft Office
Excel 2007, is also given for better comparison: GUS histochemical assay (materials and methods section
4.6) was performed three days after each bombardment,
7

Grand mean

41,6

Wc observed an increase in GUS expression with increasing DNA quantity used per

bombardment but after reaching 0.75 pg concentration per bombardment, the number of
calli with GUS expression was decreased (Table 4.3). The percentage GUS expression
was 68 and 59 for cv. HSF-240 and cv. CPF-237, respectively when bombarded with
optimum DNA concentration (0.75 pg). The representative images showing GUS
expression after bombardment with each of the DNA concentration are shown in Fig. 4.9.
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A

D

B

C

E

F

Fig, 4.9: Effect of DNA quantity on transient GUS expression in calli of cv. HSF-240.
Bombardments were performed with 9 cm target distance from slopping screen, i IW> psi rupture disk and
varying cone, of DNA. GUS histochcmical assay was performed three days after bombardment. (A) 0.25 pg
DNA per bombardment OX); (B) OJ pg DNA per bombardment OX); (Q 0.75 pig DNA per bombardment
(3X); (D) l .0 pg DNA per bombardment (3X); (E) 1.25 pg (F)1 . 5 pg DNA per bombardment {3X).

4.9J Effect of Osmotic Treatment
Experiments were performed to evaluate the effect of an osmoticum treatment on

transient GUS expression. Calli were kept, overnight before bombardment, in osmotic
medium having different concentration combinations of mannitol and sorbitol as

described in materials and methods (section 4.5.2, Table 4.1). This treatment of the
explants, before bombardment, resulted tn enhanced GUS activity (Fig. 4.1 1 and 4.12)
and the optimum medium with maximum GUS activity was M2SI [D3C2 medium (MS +

3 mg/I. 2,4-D + 600 mg/L casein hydrolysate) having 0.4 M mannitol and 0.2 M sorbitol)
followed by M1S1 medium [D3C2 medium (MS + 3 mg/L 2,4-D + 600 mg/L casein
hydrolysate) having 0.2 M mannitol and 0.2 M sorbitol (Table 4.4).

Fig. 4,10: Effect of prc-bombnrdmeni osmotic treatment on transient GUS expression in calli of

cv. HSF-

240.

Bornbardmcms were performed with 9 cm target distance from stopping screen, using 1 100 psi rupture
disk. 0,75 pig DNA per bombardment and pretreatment with 0,4 M mannitol and 0.2 M sorbitol (3X),
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Fin* 4,11: Effect of pre-bombardment osmotic treatment on transient GUS expression in calli of cv. CPF237
Bombard merits were performed with 9 cm target distance from stopping screen, using 1 1 00 psi rupture
disk, 0.75 |ig DNA per bombardment and pretreatmcnl with 0.4 M mannitol and 0,2 M sorbitol (3X).
Thus addition of 0.4 M mannitol and 0.2 M sorbitol was found better for enhanced
transient GUS expression in call i of both cultivars.
Table 4.4: Effect of pre-treatment with an ostnoticum on transient GUS expression

Treatment
Sr. No.

codes as per

table 4.1

Sorbitol

Mannitol

(M)

<M>

GUS expression in

GUS expression in

cv. HSF-240

cv. CPF-237

•A

% below

%

% below

1

control

0.0

0.0

40

66 6

32

60.0

2

M!

0.0

0.2

39

53-3

35

66.6

3

M2

0.0

0.4

44

so.o

41

80.0

4

M3

0.0

0.6

22

26.6

19

20,0

S

St

0.2

0.0

43

73.3

39

73.3

6

M1S1

0.2

92

77

93.3

69

933

7

M2S1

0.2

0.4

HI

100

75

ion

8

M3S1

0.2

0.6

46.6

29

46 6

9

S2

0.4

0.0

53.3

31

53.3

10

MIS2

0.4

02

34
39
61

86.6

49

86.6

11

M2S2

0.4

0.4

31

40.0

26

40.0

12

M3S2

0.4

0.6

26

33-3

19

20.0

13

S3

0.6

0.0

20

20.0

19

20.0

14

MIS3

0.6

0.2

18

133

17

13.3

15

M2S3

0.6

0.4

t5

6.6

15

6.6

16

M3S3

0.6

0.6

12

0.00

II

0.00

17

Grand mean

37.6

32.8

Percentage (%) values arc mean of GUS expression frequency of three independent experiments. Each
experiment involved 30-40 colli from each cultivar. Percentile (% below), calculate by Microsoft Office
Excel 2007, is also given for better comparison; GUS histochemical assay (materials and methods section
4.6} was performed three days after each bombardment.
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4.10 Stable Transformation Studies with pCAMBlA1301
A total 74 and 87 calli were bombarded using circular and liner pCAMBLA!301 vector.
respectively (in 6 independent shots for each) as described in materials and methods
(section 4.7). Three days post-bom bardment, 30 calli (from each) were subjected to GLS

assay and it was observed that GUS expression was almost same Le. 68% and 71% for

circular and linear form, respectively (Table 4,5). The remaining calli (44 tor circular and

57 for linear form) were subjected to hygromycin selection and regeneration frequency
was 36% (7 independent plantlcts each with multiple shoots) and 40% (9 independent
plantlels each with multiple shoots) for circular and linear forms, respectively, PCR

analysis of putative transgenic plants revealed that 4 out of 7 (0.66 plants per shot) and 5
out of 9 (0.83 plants

per shot) were positive for both gus and hpt\\ genes for circular and

linear Form, respectively (Table 4.5). Thus the linear form gave slightly better results as
compared to circular form; however, the difference was not much obvious concluding

that both configurations could be used for transgene expression studies in sugarcane.
Table 4.5: Analysts of transgenic events in cv, HSF-240 using pCAMtt I A 1301.

Sr.

No.
1

2

pCAMBlA
150 1

No. of shots / No.
of call!
Bombarded

%GE/No.of

/ No

calli

of calli

analyzed for

subjected to

GUS expression

selection

No. ol
independent
lines

t>CR
positive

lineal
analyzed

UftH

PCR
positive
lines
(per siwt)

0.66
4/07
07
36/44
68/30
0.S3
5/09
09
57
/
40
71/30
S/87
on
selection
second
frequency)
after
(regeneration
rate
shoot
survival
SSR:
CK: GUS expression;
h> gromycm as mentioned in materials and methods (section 4.7. 1 ).

Circular

6/74

I, inear
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DISCUSSION
The methodologies available for transfer of foreign DNA to plants include both indirect

i.e. Agrobaclcrium mediated (Gelvin, 2003; Bclide et aL, 20 It) and direct approaches
like microinjcclion (Crossway el aL, 1986), electroporation (Shiliito et aL, 1985; Fromm

.

et ul. 1986). silicon carbide whiskers (Frame et aL, 1994), polyethylene glycol/calcium

phosphate mediated transformation of protoplasts (Negrutiu et ul., 1987; Datta et aL.
1990) and Btolistic/particlc bombardment (Klein et

a!., 1987; Cbristou

el

aL. 1992).

However progress in the Biolistic technology especially helped in the transformation of
crops that were naturally proven recalcitrant to Agrobaclcrium mediated transformation
and since its advent in 1987 (Klein el aL, 1987) it is a preferable and principle method

used to transfer foreign genes to plant genomes specifically for monocot plants like

wheat matte and sugarcane (Luthra

el

aL, 1997; James, 2003; Altpeter

el

al„ 2005;

Wenger a/,, 2011).
The most advanced available system for particle bombardment is PDS-1000/He (FiioRad)

and the efficiency of the system is associated with many physical variables like DNA

quantity, helium pressure, microcarrier panicle size, distance from rupture disc to

macrocarrier and distance from stopping screen to target cel I s/tissues (Schopkc et aL,
1997; Sreeramanan et aL, 2005; Tee and Maziah, 2005; Adnan et aL, 2007), Scientists
emphasized the conductance of an initial optimization study, before stable transformation
of target crop, using reporter (c.g. gus) and marker (e.g. hpt) genes (Ruma et aL, 2009;

Joshi et aL, 2011). Studies even suggested different genotypes of the same species and

different tissues of the same plant required individual optimization of bombardment
parameters (Joshi, 2009),

Optimization of the helium pressure and distance from stopping screen to target plate is

necessary for even distribution of DNA coaled microcarrier and to obtain maximum
transgene expression without causing tissue injury (Russell et at,, 1992). Generally
helium pressure alone not considered a critical factor and 1100 psi or 1350 psi helium

pressure could be used for most of the plant species (Sanford et at., 1993). Tadcsse et at.
(2003) also reported less significance of helium pressure and observed almost same

transient GUS expression level, in shoot tips and mature embryos of sorghum, when
either 1 100 or 1300 helium pressure was used. However, many studies suggested finding
the best combination of helium pressure and target distance (from stopping screen) for
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enhanced transient reporter expression in a particular target crop (Rochange et al. 1095:
Schopke el al., 1997; Ruma et al 2009), We also found target distance a critical factor
and best transient expression was observed when target plates were kept at 9 cm (level
three) and was bombarded using 1 100 psi helium pressure. On the other hand, placing the
target plates at 6 cm. although, resulted in higher GUS expression but was always

associated with high rate of cell necrosis and death. While placing target plate at 12 cm
(level four) and using 1100 psi helium pressure proved poor combinations for gits gene
expression. Rasco-GauiU et al. (1999), Yang et al. (1999) and Men et al. (2003) also

studied the effect of helium pressure and target distance on transient expression and
reported that longer distance, whatever the helium pressure used, always resulted in poor
spreading of micro-particles on the target tissue. We concluded that for higher (JUS
expression, 1 100 psi helium pressure and placing the target at 9 cm (level three) should be

used to maximize the delivery of microparticles, as well as, keeping minimum injury to
target tissue.

Although Romano et al., (2001) reported that DNA quantity delivered per bombardment

did not affect GUS transient expression in potato but many other scientists while working
on transformation of ry e grass (Yce/ at., 1997), wheat (Weeks et al., 1993), rice (Tang et
al.. 1999), sugarbeet (Snyder et al., 1999; [vie and Smigocki, 2003), corn (Lowe et al.,

1995; Lowe et al., 2009) and sugarcane (Kim et al.. 20! I) reported that DNA quantity

used per bombardment was a critical factor for determining transformation efficiency. We
also found that DNA quantity used, for each bombardment, was having strong influence

on transient GUS expression in both cultivars. An increase in the number of GUS
expressing calli was observed while increasing the total DNA quantity used per
bombardment. Christou et al., (1991) reported that increasing the DNA quantity used per
shot resulted in increased transient expression of marker gene in rice. In studies
conducted by Casas et al. (1993) 5-10 pg of DNA was used to transform sorghum using
PDS-lGQO/lle device and they reported increase tn GUS expression with increasing

DNA

quantity. Similarly, Falco et al. (2000) reported use of 4 pg DNA, as optimum quantity,

for sugarcane transformation using same device type. As mentioned earlier, optimum
DNA concentration found was 0.75 pg/shot and wc observed decrease in number of GUS
positive calli using DNA above 0.75 pg (i.c. 1.0, 1.25 and 1.5 pg/shot). tn harmony to our

findings tlumara et al. (1999) reported that applying very large quantities of DNA
resulted in aggregation of microparticles that resulted in uneven distribution of micro¬
particles on target tissue which ultimately lead to necrosis/death of target tissues due to
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heavily localized bombardment. This might explain the probable cause of lower GUS

expression, wc observed in both cultivars, when bombarded with the higher quantities of

DNA.
Osmotic treatment of explants using an osmoticum medium, which usually consists or

cither mannitol or sorbitol or combination of both, is considered essential to maintain the

shape of explants for direct bombardment using Biolistic approach. Sanford, et al. (1993)
reported that without osmotic pressure expansion of cells and changes in tissue shape

occurred and this ultimately decreased the penetration of DNA loaded microcarriers into

the target tissues due to the possibility of cell damage or death. Vain et al. (1993) reported

that osmotic enhancement of transient expression and stable transformation of maize was
facilitated through plasmolysis of target cells. This could be possible as plasmolvzed cells
were less likely to extrude their protoplasm following penetration of the gold particles
(Armaleo et al., 1990; Uze et al., 1997; Nandadeva et al., 1999). Similarly, Bower et al.
( 1 996)

reported enhanced efficiency of transient expression system when cxplants were

treated with mannitol (0.2 M) and sorbitol (0.2 M). Contrary to above findings, Perez-

Barranco et al. (2009) reported treatment of mannitol tor up to 48 hours prior to
bombardment did not show any positive effects on biolistic transformation of olive
somatic embryos but Suratman et al. (2010) concluded that a 24 hours treatment on
osmotic medium (0.6M mannitol) was optimum for good transformation of Curuttus
vulgaris using a plasmid that was carrying both gusA and hpt genes. They further added
"the use of an osmoticum con facilitate stabilization of cell membranes for ihsler healing
of the lesion and reduce turgor pressure of cells to reduce leakage and cell rupture" as
reported before by Perl et al. (1992) and Yc et al. (1994). These two contradictions

further highlighted conductance of optimization studies for individual crop species to
achieve better transformation efficiency in target crop. In the present study, the osmotic
treatment tested at 0.4 M mannitol and 0.2 M sorbitol resulted in improved GUS
expression in explants compared to control. In maize cells, 0.4 to 0.6 M osmoticum

showed higher GUS expression (Vain et at., 1993). However, in pearl millet
(PenniselitiHglaucuni L), castor and garden balsam (Impatiens balsamina), 0.2-0.25 M
mannitol and 0.2-0.25 M sorbitol resulted in the highest gusA gene expression (Lalha et
al., 2006; Sailaja et al., 2008; Taha et al., 2009), Our study also suggested, like earlier
reports, use of osmotic treatment of sugarcane cxplauls is necessary, prior to

microprojectile bombardment, for better microcarrier penetration and enhanced
expression of reporter genes.
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Furthermore, quality of the target tissue also contributes

in determining transformation

competency of the system anti as described before in chapter four (results and discussion)

that cv. HSF-240 proved much better for ctnbryogenic callus quality as compared to cv.

CPF-237. The transient expression results were also consistent with tissue culture results
and cv. HSF-240 showed better transformation response as was exhibited by overall high
number of GUS positive call! from this cultivar. Scientists have already reported that
various sugarcane cullivars exhibited differential response to tissue culture medium
compositions (Lourens and Martin, 1987; Hoy et at-, 2003} as well as in terms of transient
expression of reporter genes (Gilbert et al.. 2005 and 2009; Joshi, 2009).
We in the present study also evaluated the effect of plasmid configuration (using circular
and linear forms of pCAMI3lAI30J) on transgenc expression in one of the cultivar under

study i.e. HSF-240. Many scientists already reported that Biolistic process did not require

specific vector configuration and/or vector backbone sequences (Fu el aL 2000; Brcitler el
al., 2002; Loc et al., 2002; Romano et at., 2003; Romano et al., 2005). Allpeler ct al.,
(2005) critically reviewed the advantages of the Biolistic process especially for

recalcitrant plant species (like sugarcane). In this review they concluded that an
expression cassette (promoter-gene of interest-terminator) without any extra sequences
could be used for transgene expression of a candidate gene using Biolistic approach. But
little work is reported worldwide and specifically there is no report (to the best of our

knowledge) where linear vector was used for transformation of indeginous sugarcane

cullivars. We in die present study concluded, using GUS as reporter gene, that linear
vector could be used for sugarcane transformation without sacrificing transgene
expression of the candidate gene.

Conclusion
PDS-lOOO/lle Biolistic conditions were standardized for sugarcane cullivars HSF-240
and CPF-237 using GUS expression system analyzed with histochcmical assay. Although
HSF-240 clearly showed better response to transformation system but both cullivars

exhibited same trends for GUS transient expression when various parameters were
analyzed indicating the reliability of the optimized system for use in stable sugarcane

transformation. The 1100 psi helium pressure, 0.75 pg DNA per bombardment and
placing the target plates at 9 cm distance from stopping screen (level three) proved best
combination for maximum GUS expression and minimum tissue injury. Moreover,
osmotic treatment of call i prior (12-16 hours) to bombardment also resulted in enhanced

75

Chapter 4 Transient Gene Expression Studies: Discussion

iraitsient GUS expression in sugarcane cmbryogenic call! of both cultivars (HSF-240 and
CPF-237). Experiments for studying effect of DNA configuration highlighted that

linearalized vector could be used instead of circular/supercoilcd form without reducing
expression level.
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MATERIALS AND METHODS
5.1.

Vectors and Bacterial Strains

Vectors pTZ57R/T (Femientas Life Sciences), pGEM-T (Promega), pJ!T166 (Guerineau
et ul.. 1992), pG0029 {Hellens el ait 2000) and pFGC594l[-] (Kerschcn el al„ 2004)

were used to construct cry2Ac7 gene expression cassettes. The maps of all these vectors

arc provided in annex ure III. E. coli strain DH5a (Novagen) was used for cloning or
recombinant plasmids and Luria-Bertani (LB) medium [tryptone (1%), yeast extract
(0.5%) and sodium chloride (0.5%)] was used for the growth of this bacterial strain. The
pi I of the medium was adjusted to 7 with 0.1 M NaOH and 1.2% agar was added, if
needed, to make solid medium {LB agar plates). Medium was always autoclaved at 1 2 T'C
and 15 psi for 15 minutes, JPTG with final concentration 0.1 mM, X-gal (80 pg/mL) and
aniibiotics (ampicillin 100 pg/mL or kanamycin 50 pg/mL) were added, if required, alter
autoclaving.
5,2

Competent Cell Preparation

Competent cells of E. coli (DH5a) were prepared by the method of Cohen

et at. ( 1 972),

DH5a cells, from glycerol stock, were streaked on an LB agar plate and incubated
overnight at 37°C. A single colony from plate was transferred to 5 mL of LB broth in test

tube and grown overnight at 37*C with shaking at 100 rpm in an orbital shaker. This

overnight grown culture was used to inoculate (1% v/v) 100 mL LB broth in a conical
llask. The flask was incubated at 37DC with shaking at 100 rpm in an orbital shaker. Cells
were grown till OD«» reached 0.3 and were harvested in a cold sterile 50 mL falcon tube.

Centrifugation was done at 6,500 rpm for 10 minutes at 4UC in Beckman Coulter
Allegra™ 25R centrifuge. The supernatant was discarded and ceil pallet was suspended in
20 mL of sterile ice cold 50 mM CaCÿ solution. The cell suspension was stored on tcc for

40 minutes. Cells were again harvested by centrifugation as mentioned above. The ceil
pallet was then suspended in 2 mL of sterile ice cold 50 mM CaCl2 solution and was

stored at 4 °C until further use (these could be used within 2-3 days without any loss of
efficiency).
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S3. Construction of C2Ac7-l-pG0Q29 Recombinant Vector
53,1.

PCR Amplification of cry2Ac7 Gene

5,3,1, l ,

Primer Design ing

Recombinant pTZ57R/T vector (C2Ac7*pTZ), containing cry2Ac7 gene, was obtained

from culture/pi asm id repository of SBS. This gene was cloned from locally isolated strain
of Bacillus rhurirtgiettsis (Saicem, 200S; Salecm and Shakoori, 2010). Primers were
designed corresponding to cry2Ac7 gene fragment (1 .872 kb) using Amplify 1 ,0 Software
(Bill-EngelsDl992, http;//engels,gcnetics.wisc.edu/amplify/) to rc-amplify this gene from

C2Ac7-pTZ vector. The Forward primer was designed to incorporate Htntilll restriction

site and the reverse was designed without any restriction site. The sequences of the two
primers are given below;
Forward primer (2Ac7-H): 5‘AGCTTCCATG A ATACTGTATTG A AT A ACGG A AG 3'

Reverse primer (2Ac7-D): S' TFAAT AAAGTGGTGGAAGATTAGTTGG 3’

The melting temperature (Tm), GC content, dimer formation, hairpin formation

ai,d

stability of the primers were calculated, theoretically, and primers were then
commercially synthesized from Gene Link™ (USA),

53.1.2.
Enzyme

Polymerase Chain Reaction

Tail

polymerase (Fermenias Life Sciences) was used for PCR amplification of

L>NA. The enzyme has terminal transferase activity i.e. it can incorporate extra
nucleotides at 31 end of amplified DNA fragments during PCR process. Hence, amplified
product containing deoxysdenosine residues (dA) at 3’ end can he ligated into lincaralizcd
vector having dT overhangs e.g. pTZ57R/T or pGEM-T. PCR reaction mixture was

prepared by the addition of following in order described here: Plasmid DNA (C2Ac7~

pTZ; 100 ng), IX PCR reaction buffer (75 mM Tris-Cl will: pH 8.8, 20 mM (NPU)iSOj,
0.01% Tween 20), 2.0 mM MgClj, 200 pM deoxyribonucleoside triphosphates (50 pM
each of dATP, dGTP, dTTP and dCTP), 20 pmol each of forward and

units of

reverse primers, 5

Taif DNA polymerase and st,dH20 to make final volume 50 pi. Hie PCR process

was carried out in Thermal Master Cycler (Eppcndorf Laboratories Inc., Hamburg,
Germany) and conditions (specifically annealing temperature) were optimized to amplify

the candidate cry2Ac7 gene.
After completion of PCR, the amplified product, from each reaction, was analyzed by

agarose gel electrophoresis (section 43.1). The desired fragment of -1.87 kb size was
7S
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located and its quantity was estimated visually by comparing its fluorescence to that of
the known quantity of standard DNA marker. The DNA fragment (-L87 kb) was then
eluted from agarose gel as described earlier in chapter four (section 4.3.2).

5.3.2 Ligation of PCR Amplified DNA in pTZ57R/T
i:luted

PCR product was then ligated into pTZ57R/T cloning

vector (InsTAclone

PCR

cloning kit, Fermentas Life Sciences). The ligation mixture consisted of IX ligation
hud'er (40 mM Tns-Cl pH 7.8, 10 mM MgCt2l 10 mM DTT, 5 mM ATP), 200 ng of
pTZ57R/T vector, 500 ng of gel eluted PCR. product, 5 units of T4 DNA ligase and

St.dlLO to make final volume 30 jiL. The contents were mixed, briefly centrifuged and
were kept for overnight incubation (at 22°C) In a temperature controlled water bath. The
recombinant pTZ57RJT plasmid formed by ligating PCR product was named as C2Ac7-

I -p !7. The vector was then mobilized to DH5n competent cells to increase copy number,
for orientation confirmation and to maintain culture stock for further use.

-Heat Shock Method

5.3.3 Transformation of Competent DHSot Cells

Transformation was performed according to standard procedure (Sambrook and Russell,
2001). Briefly, 20 pL of ligation mixture was added to 200 tiL of competent cell

suspension (prepared as described earlier in section 5.2), The contents were mixed with

sterile tip and lube was stored on ice for 40 minutes, Then after a heat shock for 2 minutes
(at 42*C in a water bath), the tube was again placed in ice for 5 minutes and 0.8 mL of LB

broth was added to this trail sfomiation mixture. Cells were allowed to grow by Incubating
the lube in an orbital shaker (37eC and 100 rpm) for about 50 minutes. After incubation.
cells were spread on LB agar plate having ompicitlin, TPTG and X-gal. The plates were
then kept for overnight incubation at 37°C In an incubator. Next day, positive
iransfonnants were identified by appearance of white colonies while non -transformed
bacteria appeared as blue colonies. Culture plates having bacteria transformed with
recombinant vector (C2Ac7~1-pTZ) were labelled as C2Ac7-l-pTZ/DH5a and were kept
at

4*0 for further use.

5.3.4 Plasmid Isolation and Restriction Analysis of Recombinant Plasmid
Six white colonies were randomly picked from LB agar plate (C2Ac7-l-pTZ/DH5ct) and

were grown overnight at 37°C, each in 5 mL LB broth containing ampiciilin. From each
culture lube, 0.8 mL bacterial culture was mixed with 0.2 rtiL p re-autoclaved glycerol to
7y
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mate 20% culture stock. The eppcndorf tubes were labelled properly, briefly dipped tn
liquid nitrogen and stored at -SO'C. Plasmid DNA was isolated from remaining culture by
the method as described in section 4.2. The isolated plasmids were subjected to restriction

analysis to check presence and orientation of insert in pTZ57R/T vector. Each
recombinant plasmid (-1 pg) was digested with 10 units of HindlU (in orange buffer) for
orientation confirmation. For double digestion, plasmid was digested with 10 units each
of £roRJ and Hind111 in 2X Tango buffer. To further confirm the integrity of the
recombinant plasmid, it was also digested with 10 units each ofStvnrl and /ft/idlll (in 2N
Tango buffer). Digested plasmid DNAs were analyzed by agarose gel electrophoresis as

described in chapter four (section 4.3.1).

5.3.5 Ligation of cry2Ac7~l Gene in Vector pJlT166
Recombinant plasmid (C2Ac7-)-pTZ) was double digested with HindlU and Xbal
restriction enzymes to obtain cry2Ac7-l gene fragment with cohesive ends. The 30 pi.
reaction mixture consisted of plasmid DNA (C2Ac7- 1 -pTZ) and 10 units each of HindlU
and Xbal in IX 'tango buffer. The digested plasmid was analyzed by agarose gel
electrophoresis and the band corresponding to cry2Ac7-l gene fragment (-1.87 Kb) was

eluted from the gel as described in section 4.3,2, Meanwhile, pJITl 66 was also double
digested using same restriction enzyme pair i.e. HindlU and Xbal to get vector backbone
by the release of gus reporter gene. The digested pJITl 66 was also analyzed by agarose
gel electrophoresis and the -3.67 kb fragment (vector backbone without gus gene) was

eluted from the gel as described in section 4.3.2. Then both the eluted fragments i.e,
cry2Ac7-l gene and pJITl 66 backbone were ligated together. The ligation mixture was

consisted of 3.67 kb pJITl 66 and 1 .87 kb cry2Ac7-l (with 1:3 molar ratio) plus 5 units of
DNA llgase plus IX ligase buffer and st,dH;0 to make final volume 30 pL, The
recombinant vector was named as C2Ac7-l -pJITl 66 (Fig. 5.1), It was then mobilized to
DH5tt competent cells (as described in section 5.2) to maintain culture stock and for

further use. Afterwards, the recombinant plasmid was isolated from transformed DH5u
cells (as described in section 4.2) and its integrity was confirmed through restriction
analysis by single digestion with HindlU as well as by double digestion with Hindi II and
Xbal (described in chapter four, section 4.3).
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KpnI (11)
fP,

-HindUl (751)

lx IS!

a

C2Ac7-l-pJIT166
(156 kb)

*t

\

xhoi (mry'
Xba.(2626)

EcoSl (2644)
Fffi. 5.1: Diagrammatic representation of the recombinant vector C2Ac7-l-pJ[TI66

5.3.6 Ligation of cry2Ac7-l Expression Gusset to in Vector pG0029
The size of recombinant vector C2Ac7-l-pJIT166 was about 5.56 kb (Fig. 5.1). The
plasmid was isolated from DH5a cells and —3.36 kb fragment containing lull expression

cassette i.e. cry2Ac7-l gene under control of 2X35S promoter and with Ca.MV terminator
(2X35S-co'2/lc7-/-CaMV[; Fig. 5.2) was released using enzymes Kpn\ and Xho\ (in IX
tango buffer). The fragment was eluted from gel as described in section 4.3.2.

Kpn1

Hitum
cty2Ac7-l

CaMV3JS
Promoter

u

XbalEcoRl Xho\

CaMV
Terminator

Fig. 5.2: Diagrammatic representation of the cry2Ac7-l expression cassette

Meanwhile, pG0Q29 (4.632 kb)

was also double digested using same restriction enzyme
pair i.e. Kpn) and Xhol and linearaiized pG0029 was also eluted from gel. Both the eluted
fragments were then ligated together. The ligation mixture consisted of linear pG0029
and expression cassette 2X35S-a}~Ac7-I-CaMVt (with 1:3 molar ratio) plus 5 units of

DNA tigasc plus IX ligase buffer and st.dHjO to make final volume 30 pL. The
recombinant vector was named as C2Ac7-LpG0029 (Fig. 5.3). This recombinant vector

was then mobilized to DH5a competent cells as described in section 5.3.3. Afterwards,
the recombinant plasmid was isolated from transformed OH5a and its integrity was
Si
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confirmed through restriction analysis by digesting it with single enzyme Kpn\ and also
with enzyme pair {Kpn\ aniiXho I) as described in section 4.3.
NOS TenaaBtor
BgUl

NOftltn

npfll

Ben,

a.
on

_

!JCZ-

C2Ac*-l~pG0Q29
8.0 kb

V-

3
RB-

-Nptl

l;tg. 5.3: Diagrammatic rcpresoniation of the recombinant vector C2Ac7-l-pG0029

5.4

Sugarcane Transformation using C2Ac7-l-pG0029

5.4.1 Expression Cassette and Bombardment Parameters
The recombinant vector C2Ac7-pG0G29 (Fig. 5.3) was digested with Xhol and Sph\ (in
IX green buffer) to release a fragment having both npt\\ and cry2Ac7 expression cassettes
(Fig. 5.4). The digested plasmid was run on agarose gel and -4.9$ kb fragment was eluted

from gel by procedure described earlier in chapter four (section 4.3,2).
:

SOS
Ttrounalw

Kpn\
nprl1

X
NOS

i

fftwTfl

.Yewl £fcRl
crylic7)

C«MV35S
Promoter

U

C«MV
Tenwnntor

t ig. 5.4: Diagrammatic representation of the DNA having cry2Ac7-t os well as npth expression cassettes

This DNA was then used to coat gold microparticles. Briefly, 0.5 pg DNA was coated
onto 3 mg gold particles (ch. 4, materials and methods, section 4.4.3) and these DNA
coated microparticles were then bombarded, to sugarcane calli (cv. HSF-240). using
optimized Biolistic conditions (pretreatment of calli using 0.4 M mannitol and 02 M
sorbitol, 9 cm target distance, 1 100 psi helium pressure) as described in resultsfdiscussion
part of chapter four. After bombardment, calli were transferred to fresh D3C2 medium
$2
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(MS + 3 mg/L 2,4-D + 600 mg/L casein hydrolysate; Table 3,1) and allowed to

proliferate for ten days.

5.4.2 Selection of Putative T ransformants
The calli and subsequently initiated shoots were subjected to genclicin selection (Tadesse
et at,, 2003; Joshi, 2009) to stop growth of non-lransgenic plants. Initially, calli were

transferred to D3C2 selection medium {MS + 3 mg/L 2, 4-D + 600 mg/L casein
hydrolysate + 25 mg/L geneticin) and after three weeks, these were transferred to SIM-15
(MS + 2 mg/L TD2) shoot initiation medium having 25 mg/I- geneticin and

were grown

for further three to four weeks. Afterwards these were shitted to SIM-7 (MS + 0.5 mg/L

2.4-D + 2.0 mg/L BAP) shoot proliferation medium containing 50 mg/L geneticin and
were allowed to grow for further two weeks. The surviving in vitro regenerated shoots
(putative transgenic plants) were transferred to RT4-AC (MS + 3 mg/L NAA + 60 gm/L

sucrose + 0.5% activated charcoal) rooting medium having 75 mg/L geneticin. The plants
with well established roots were then transferred to plastic pots having sterilized soil
mixture (sand, peat moss, and garden soil with 2:1:1). The individual pots were covered

with polvbags to maintain high humidity and in vitro grown plants were allowed to
acclimatize in growth room conditions. The hardened plants were subjected to molecular
characterization as well as bioassays as described in following sections.
5.4.3 Molecular Characterization of Putative Transgenic Plants
5.4.3.1

Polymerase Chain Reaction

Genomic DNA was extracted from leaves as described before in chapter four (section
4.7.2). Primers specific to cry2Ac7 gene (section 5.3.1) were used to amplify the
integrated gene from putative transgenic plants. Vector C2Ac7-pG0029 was used as
positive control and DNA extracted from non-lransgenic plants served as negative
control. PCR reaction mixture (50 pL) was prepared as described earlier in section 5.3.1
and reaction was performed using Thermal Master Cycler (Eppcndorf Laboratories Inc.,
Hamburg, Germany) with cycling conditions; initial denaturation at 95°C for 15 minutes
followed by 30 cycles each of denaturation (at 95°C for 1 minute), annealing (at 57*C for
1 minute) and extension (at 72°C for 1 minute). Finally reaction was ended with one
extension step at 72°C for 20 minutes. PCR products were analyzed by electrophoresis on
agarose gel as described in chapter four (section 4.3.1).
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Southern Blot Analysis

5.4.3.2

Gene (cry2Ac7) specific probe was obtained (-786 bp) by double digestion of vector
C2Ac7-pTZ with HindiII and Swol as described earlier in section 5.3.4. The probe was

labelled with

«-P3i-dCTP

using Prime-a-Geite® Labelling System (Promega, Madison,

WI) following the manufacturer's instructions (annexure IV),

Genomic DNA extracted from leaves of transgenic as well as non-transgcnic plants was
used for southern blot analysis, DNA from each sample (-15 pg) was digested with
Hindlll (cuts once near 5’ end of gene) and -Siral (cuts once w ithin gene at 786 bp) in 2X
tango

buffer as described earlier in section

5.3.4, The digested samples were

run on

agarose gd (section 4.3.1) and DNA was transferred onto nylon membranes (Hybond-N\

Amcrsham BioScicnces, Piscataway. NJ) using the alkaline transfer protocol (Sambrook
and Russel, 2001). Pre-hybridization treatment of membranes and hybridization of
membrane bound DNA with a-P>2 labelled probes followed by x-ray autoradiograph were

conducted according to standard procedure (Southern, 1975; Sambrook and Russel, 2001;

James et ah. 2008; Mathieu et aL, 2009) as described in annexure IV.
S.4.3.3

RT-PCR

5.4.3,3.1

Isolation of Total RN'A

Total RNA was isolated from young leaves using Plant Total RNA Isolation Reagent
(Geneshun Biotech Ltd #GS0702). Briefly, fresh leaves

were removed from plants and

were immediately frozen by dipping in liquid nitrogen. The frozen tissue was ground to
fine powder using mortar and pestle (DEPC treated, sterilized and cooled to -SO't). The
powder was transferred to a tube having 0-5 mL pre-cold Plant Total RNA Isolation
Reagent, contents were mixed and tube was kept standing for 5 minutes at room
temperature. Afterwards, centrifugation was performed at 12,000 rpm for 2 minutes (at

4*C). The supernatant was transferred to fresh RNase free (DEPC treated) tube and 0.1
mL of 5M NaCI was added to it, mixed thoroughly, 0.3 mL chloroform was added and
contents were mixed by several inversions. Centrifugation was performed at 12,000 rpm

for 10 minutes (at 4°C). Three phases (upper aqueous phase having RNA. an inter-phase
and a lower phenol -chloroform phase) were dearly observed as was written in protocol.
The upper aqueous phase was then transferred to a new RNase free tube, one volume of
cold isopropyl alcohol was added, mixed thoroughly and tube was incubated at 25°C
(room temperature) for 10 minutes.

Centrifugation was performed at 12,000 rpm for 10
minutes (at 4°C) and supernatant was discarded carefully. Afterwards 1 mL of 75% EtOM
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was added to pellet containing tube and tube was kept standing (for I minute) at room
temperature. Centrifugation was again performed at 120,000 rpm for 2 minute at room
temperature. The liquid was decanted carefully keeping pellet safe at bottom of tube.
Pellet was then briefly air dried (not over dried) and finally it was dissolved in 40 pL of
(RNase frcc/DEPC treated st.dHjO). RNA

5.4J.3.2

was used immediately or stored at -80X.

First Strand cDNA Synthesis

First strand complementary DNA (cDNA) was synthesized using Superscript® HI First*
Strand cDNA synthesis kit (Invitrogcn, Carlsbad, CA; SI 8080-051). Firstly, in one lube,
RNA-primer mixture was prepared by the addition of total RNA ( 1 pg), I pL of oligo
(dT)2o, I pL of 10 mM dNTP mix and st.dH*0 (DEPC treated) to make final volume 10

were mixed thoroughly and tube was incubated at 65X for 5 minutes.
Afterwards it was kept on ice for 1-2 minutes. Meanwhile 10 pL cDNA synthesis mixture
was prepared by the addition of following components in order described here: 2 pL of

pL The contents

I OX RT buffer, 4 pL of 25 mM MgCfc, 2 pL of 0. 1 M DTT, 1 pL of RNase OUT™ (40 u/

pi) and 1 pL of Superscript™ III RT (200 id pL). This 10 pL cDNA synthesis mixture
was added to the lube containing RNA-primcr mixture; contents were mixed and then

collected by brief centrifugation. The tube was incubated at SOX for 50 minutes.
Reaction was terminated by keeping the tube at 85X for 5 minutes followed by 5 minutes
incubation on ice. The RNA was removed from the tube by the addition of 1 pL of

RNasc-U to each tube and incubating it at 37X for 20 minutes. After RNase-H treatment.
the tubes were kept at -2OX for further use in PCR reaction.
5.4J.3.3

RT-PCR

PCR was performed using 4 pL of first strand complementary DNA (cDNA), as template,
to confirm the mRNA expression (mRNA transcripts) of cry2Ac7 in transgenic lines. The

PCR conditions and cry2Ac7 specific primers were same as described earlier in section
5J.I and Ihe products were analyzed by agarose gel electrophoresis as described in
chapter four (section 4.3.1).
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5.4.4 Insect Bioassays
Sugarcane plants heavily infested by stem borer (Chib

infuscatetlus

Snellen) were

collected from sugarcane fields established at Shakarghanj Sugarcane Research Institute.

Jhang, Pakistan (Fig. 5.5).

1

i

D
'«

|N

Fig. 5.5: Field grown sugarcane plants (stem parts) Showing infestation of stem borer {( Mu
Snellen) (3X)

Infuscaieliux

Stem sections containing larvae and/or pupae were kept in polyvinyl screen cages, with

moist sand beds, for the appearance of moths. Young, fresh and un -infested sugarcane
leaves were kept, periodically, tn the center of the cage for oviposition while 4% honey

solution was kept, in small petri dishes, for larvae nourishment The environment
&6
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conditions of the insect rearing room were maintained at ~22*C temp, 80% relative
humidity and 16:8 hours of iight:dark periods (Lcppla, 1985; Falco and Silva-l;i!ho.

masses (creamy spots) were removed,
and kept on filter papers (moist with st-dHÿO) in small plastic tubes covered with cheese
cloth. On cclosion, neonate larvae were fed on an artificial diet as described by
2003). Upon oviposition, leaf fragments with egg

Pompcmiaycr et ai. (2001).
One fresh sugarcane leaf (4-6 cm height) from each in vitro grown transgenic plant was

kept on a moist filter paper (Whatman) in a petri plate having one healthy 3-4 day old

2nd/3ftl

instar larvae (Nagoshi et ai, 2006). Larvae weights were measured before (day

after (day four) experiment (Christy et ai, 2009). Total five leaves were
subjected, from each line, in one experiment and experiment was repeated thrice; thus

one) and

total 15 larvae (n=15) were used for each transgenic line in these bioassays. Larvae wrere

also fed on leaves from non -transgenic plants and on artificial diet supplemented with 1
pg/inL freeze dried Cry2Ac7 protein (Saleem, 2008; Sal eem and Shakoori, 2010).

5.5

Construction of Recombinant Vector C2Ac7-2-pFGC5941|-|

5.5.1 Primer Designing and PCR Reaction
A pair of primers was designed as described in section 5.3.1, The forward and reverse
primers were having A'col and Ascl restriction sites, respectively and their sequences are
given below:
Forward primer (2Ac7-N): S’-CCATGGCTAATACTGTATTCAATAACGGAAG 3‘
Reverse primer (2Ac7-A): 5' GCCGCGCCTTAATAAAGTGGTGGAAGATTAGTTGG 3'

PCR was performed to amplify the cry2Ac7 gene from recombinant pTZ57R/T vector
(cry2Ac7-pTZ) using the above described primer pair. The composition of 50 pL reaction

mixture was same as described earlier (section 5.3.12) except the primer pair used. PCR
conditions (specifically annealing temperature) were optimized to amplify the desired
1 .872 Kb fragment using Thermal Master Cycler (Eppendort). After completion of PCR,
the amplified product, from each reaction, was analyzed by running agarose gel

electrophoresis (section 4.3.!), the desired fragment of size 1.872 kb was located and its
quantity was estimated visually by comparing its fluorescence to that of the known
quantity of standard DNA marker. The DNA fragments (-1.872 kb) were then eluted
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from agarose gel as described in chapter four (section 4.3.2). The amplified fragments
were having incorporated jVcol restriction site at 3' end and drd site at 3‘ end.

5.5.2. Ligation of PCR Amplified DNA in pGEM-T Vector
Eluted PCR product w as then ligated into pGEM-T cloning vector as described in section
5.3.2 and the recombinant vector was named as C2Ac7-2-pGEM-T.

5.5.3. Transformation of Competent DH5o Cells
The recombinant plasmid C2Ac7-2-pGEM-T was then moved to DH5a competent cells

as described earlier in section 5,3.3, Culture plates having bacteria transformed with this
recombinant vector (C2Ac7-2-pGEM-T) were labelled as C2Ac7-2-pGEM-T/DH5u and

were kept at 4°C for further use.

5.5.4. Plasmid Isolation and Restriction Analysis of Recombinant Plasmid
Plasmid DNA was isolated by method as described in section 4.3 and was then subjected
to restriction analysis as described in chapter four (section 4.3) by double digesting it with

Ncol and ArcI and also, separately, with Arcol and Stt'ol. Both digestions were performed
in NBB buffer 4. The digested plasmids were analyzed by agarose gel electrophoresis.

5.4.5. Ligation of cry2Ac7-2 Gene in Vector pFGC5941[-|
The digestion of plasmid with Ncol and Asc\ resulted in release of 1.87 Kb band,

corresponding to cry2Ac7-2 gene, from vector backbone. This band was eluted from the
get as described in chapter four (section 4.32). Meanwhile, pFGC594l[-] was also double
digested using same restriction enzyme pair i.e. Ncol and Ascl This made pFGC594l[-]
linear by release of 5 bp. This digested plasmid was also analyzed by agarose gel

electrophoresis and linearalized fragment (-10 kb) was eluted from the gel. Then both the
eluted fragments i.e. 1.87 kb cry2Ac7-2 and 10 kb pFGC5941[-] were ligated together,
The ligation mixture consisted of pFGC5941[-] and cry2Ac7~2 (with 1:3 molar ratio) plus
4 units of DNA ligase plus I X ligasc buffer and st.dHiO to make final volume 30 pL. Tire

recombinant vector was named as C2Ac7-2-pFGC594 1 [-] (Fig. 5.6) and it was then
mobilized to DHSa competent cells as described earlier (section 5.3.3), The recombinant
plasmid was then isolated from transformed DH5a cells (described in section 4.2) and its
integrity was confirmed through restriction analysis by digesting it with Ncol and /Ire!

and also with Ncol and Swal as described earlier (section). Furthermore it (C2Ac7-2SS

Chapter 5 Expression of cry2Ac7 in Sugarcane cv. HSF-240: Materials and Methods

pFGC594l[-]) was also digested with restriction enzyme 5iocl (in NEB buffer 4) which
cut this recombinant vector thrice; twice within pFGC594l(-] and once within cry2Ac7
gene.

Pii/I term
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Fig. 5.6: Diagrammatic representation of the recombinant vector C2Ac7-2-pFGC594 1 (-]

5.6

Sugtircime Transformation using C2Ac7-2-pFGC5941[-]

5.6,1 Expression Cassette and Bombardment

Parameters

The recombinant vector C2Ac7-2-pFGC594l[-J (Fig. 5.6) was digested with HindiIII and
PsiI (in NEB butler 2) to release a fragment having both bar (GalJo-Mcagher and Irvine,
1996; Snyman el n/., 2001b) and cry2Ac7 expression cassettes. I he digested plasmid was

run on agarose gel and -5.75 kb fragment (Fig. 5.7) was eluted from gel by procedure
described earlier in chapter four (section 4.32).
f'1,1 Pu I
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T(IRHUI«
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HwW\

U
ocs

Ftg. 5.7; Diagrammatic representation of the DN A having crylAcl-! as well as bar expression cassettes

This DNA was then used to coat gold microparticles and subsequently DNA coated
microparticles were bombarded to sugarcane (cv. HSF*240) call!. The DNA quantity used
per bombardment and bombardment conditions were same as described earlier in section
5.4.1.
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5.6.2 Selection of Putative Transformants
The calli and subsequently initiated shoots were subjected to phospbinothricin
(glufosinate ammonium; Sigma #45520) selection (Gallo-Meagher and Irvine. 1996;
Snyman et ai., 2001) to stop growth of non-transgenic plants. Initially, calli

were

transferred to D3C2 selection medium (MS + 3 mg/L 2. 4-D + 600 mg/L casein

hydrolysate + 2 mgft glufosinate) and after three weeks, these were transferred to SiM-

1 5 (MS + 2 mg/L TDZ) shoot initiation medium having 5 mg/L glufosinate and were
grown for further three to four weeks. Afterwards these were shifted to SIM-7 (MS + 0.5
mg/L 2,4-D + 2.0 mg/L BAP) shoot proliferation medium containing 8 mg/L glufosinate

and were allowed to grow for further two weeks. The surviving

;>J

viuv regenerated

shoots (putative transgenic plants) were transferred to RT4-AC (MS + 3 mg/L NAA + 60

gm/L sucrose + 0.5% activated charcoal) rooting medium having 8 mg/L glufosinate. The
plants with well established roots were then transferred to plastic pots having sterilized

soil mixture (sand, peat moss, and garden soil with 2:1:1). The individual pots were
covered with polybags to maintain high humidity and in vitro grown plants were allowed
to acclimatize in growth

room conditions as described in chapter three (section 3.3). The
hardened plants were subjected to molecular characterization as well as bio-assays using
instar larvae of sugarcane stem borer.

5.6.3 Molecular Characterization of Putative Transgenic Plants
DNA extraction, PCR conditions, RNA isolation, cDNA synthesis and RT-PCR were
performed as described earlier (section 5.4.3).
5,6.4

Insect Bioassays

The insect bioassays were also conduced as described earlier in section 5.4.4.
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RESULTS
5.7

Construction of C2Ac7-l-pG0029 Vector

5.7.1 PCU Amplification of cry2Ac7 Gene
PCR was performed using a primer pair (2Ac7-H and 2Ac7-0) to amplify cry2Ac7 gene
as described in materials and methods (section 5.3.1). The optimum annealing
temperature was 54°C/56°C while the overall reaction conditions are given in Table 5.1.

These PCR condition resulted in the amplification of cry2Ac7 gene (-1.87 kb) as shown

in Fig. 5.8 (lane 4 and 5). Gene ruler DNA ladder mix (Fermenias Life Sciences

#SM033 1 ) was also run on agarose gel as standard DNA marker (lane I in Fig. 5.8).
Table 5. 1: PCR reaction conditions to amplify cry2Ac 7 gene using primer pair 2Ac7*l I and 2Ac7-0

Read Ion conditions

Sr. No.

Step of PCR

!

initial derwturauon

95“C for 5 minutes

2

[X'luturotion

95°C for 30 seconds

3

Annealing

56°C for 30 seconds

4

Extension

72t for M seconds

5

cycles (for Sr. No. 2-4)

30

6

final extension

72T! for 15 minutes

I

-

2.0 kb

2

I

4

(temperature and time)

5

1.8 kb

Fig. 5,8: Fthidium bromide stained agarose gel representing ihe PCR amplified crylAcI gene
Lane I: DNA tackier; Lane 2 and 3: No amplification at annealing temp. 50°C and 52°C, respectively; Lane
4 and 5: amplification of gene al annealing temp. 54*C and 56*C respectively.
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5.7.2 Elution of cry2Ac7 Gene from Agarose Gel
The amplified DNA (lane 5 in Fig. 5,8) was then eluted from agarose gel as described in
section 4.3.2. A single sharp band of -1.87 kb was visible when gel purified PCR product
was run on agarose gel (lane 1 in Fig. 5.9). DNA ladder was also run as standard DNA
marker.
I 2

1.87 kb

B

-

-2.0 kb

5.9: Lthidium bromide stained agarose gel representing purified PCR amplified cry2Ae7 gene.
Lane l: Purilicd/clutcd cry2Ac7 gene ('1.87 kb); Lane 2; DNA ladder

5.7.3 Ligation, Transformation and Restriction Analysis
The purified product was ligated into cloning vector pTZ57R/T and recombinant vector

was then mobilized

as described in section 5.3.3. Both white and blue
colonies appeared when transformed DH5a cells were spread on LB agar plates having
to DH5a celts

ampicillin. IPTG and X-Gal. Six white colonies were randomly picked and grown,
separately, in 5 mL LB broth having ampicillin. Plasmid DNA was isolated from each

overnight grown culture as described in section 4.2, The digestion of recombinant vectors
with HindlU produced two band patterns as shown in Fig. 5.10.

_

4.75 kb
2.88 kb 1.87 kb

-

1 2 3 4 5 6 7

- 3.0 kb

-1.5 kb

Kig. S.ttl; BlhJdium bromide stained agarose gel representing restriction analysis of recombinant pTZ
vector,

t ,nne I und 4: release of ligated cty2Ac7 gene (-1,87 kb) from vector backbone (2.88 kb); Lane 2. 3, 5 and
pTZ vector (2.88 kb) with ligated gene f— t ,87 kb) exhibiting no release of gene; Une 7: DNA ladder

fi:
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5.7.2 Elution of cry2Ac7 Gene from Agarose Gel
The amplified DNA (lane 5 in Fig, 5,8) was then eluted from agarose gel as described in
.87 kb was visible when gel purified PCR product

section 4.3.2. A single sharp band of

was run on agarose gel (lane 1 in Fig. 5.9). DMA ladder was also run as standard DNA

marker.
1 2

1.87 kb

\

-

-2.0 kb

Klg, 5.9: Elhidium bromide stained agarose gel representing purified PCR amplified cry2Ac7 gene.
I.unc J: Puri (ied/ul uled crylAcl gene (-1.87 kb); Lane 2: DMA ladder

5.7.3 Ligation, Transformation and Restriction Analysis
The purified product was ligated imo cloning vector pTZ57R/T and recombinant vector

was then mobilized to DH5a cells as described in section 5.3,3. Both white and blue
colonies appeared when transformed DH5a cells were spread on LB agar plates having
ampicillin, 1PTG and X*GaL Six white colonies were randomly picked and grown.
separately, in 5 mL LB broth having ampicillin. Plasmid DNA was isolated from each
overnight grown culture as described in section 4.2. The digestion of recombinant vectors

with Hindi11 produced two band patterns as shown in Fig. 5.10.

_

4.75 kb
2.88 kb 1.87 kb -

12 3 4 5 6 7

- 3.0 kb
- 1.5 kb

Fig. 5.10: Llhidium bromide stained agarose gel representing restriction analysis of recombinant pTZ
vector.
l.ane I and -4: release of ligated crylAcl gene (- 1 .87 kb) from vector backbone (2.88 kb); lÿne 2, 3, 5 and
f>: pTZ vector (2.88 kb) with ligated genc(~l.87 kb) exhibiting no release of gene; Lane 7; DNA ladder
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The gel profile of Fig. 5,10 could be due to two possible orientations of the ligated PCR
product as shown in Fig 5.1 1 and 5.12.
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The digestion of first type of recombinant vector (Fig. 5.1 1) thus resulted in appearance

of two bands of size '1.87 kb and -2.88 kb (HindIII site incorporated by the forward
primer was away from HindlU of pTZ) exhibiting release of cry2Ac7 gene from pTZ57
vector backbone (lane l and 4) while digestion of second type recombinant plasmid (Fig.
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5.12) resulted in single band of -4.75 kb (incorporated Hind111 site and that of pTZ vector

were on the same side) with the release of only few base pairs (not visible in the gel).
This 4.75 kb DNA band corresponds to linear pTZ57R/T having ligated crylAcI gene.
For our subsequent cloning strategy, we were interested in the second type of
recombinant vector. Thus to further confirm the integrity, the recombinant plasmid from
(non cutter for pTZ while cuts once within

clone 6 (lane 6 in Fig. 5. 10) was cut with

gene at 786 bp) and when digested plasmid was run on agarose gel. a DNA band of -4.75
kb appeared (lane I in Fig. 5.13) confirming the integration of the cry2Ac7 gene. When
the same plasmid was double digested with restriction enzymes ///WIN and Smal, a DNA
band (-0.78 kb) was observed, as was expected, along with -3.97 kb DNA band (Lane 2

in Fig. 5.13).
1 2 3

I

- 3.0 kb

0.78 kb

-

-1.0 kb
-0.5 kb

t ig. 5.13: Klhidium bromide stained agarose gd representing digestion of C2Ac7-l-pTZ vector
Lane I: digestion with Snot making recombinant plasmid linear (-4.73 kb)
1JIK 2: digestion with Hindi II and .SWol reteasing -0.78 kb fragment; IJUW 3: DNA ladder

Hence the orientation of cry2Ac7-J insert in recombinant vector (C2Ac7- 1 -pTZ) was
confirmed and clone 6 w as saved tor further use.

5.7.4 Ligation of cry2Ac7 Gene in pJ!T!66 and Restriction Analysis of
Recombinant Plasmid
The confirmed recombinant plasmid (clone 6) was double digested with Hincflll and
Xha\. "Hie digestion resulted in release of 1 .87 kb gene fragment from 2.88 kb vector

backbone (Fig. 5.J4-A). The 1.87 kb fragment was eluted from agarose gel as described
in section 4.3.2, Vector pJtTl66 was also double digested with same restriction enzymes
(Hind\\\ and Xbal), ran on agarose gel and -3.69 kb fragment (Fig. 5.14-B) was purified

as described in section 4.3.2. Both the eluted fragments were then ligated as described in
materials and methods (section 5.3,5) and recombinant vector was named as C2Ac7-lpj IT 1 66 (Fig. 5.1).
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-

3 0 kb

2.0 kb

j :==jJ

-4 0

-as

kb

-

2 0 kb

B

A

t it; 5-14: Lthidium bromide stained agarose gel showing digestion of vectors C2Ac7-l-pTZ and pJlTI66.
Digestion of vectors C2Ac7-l-pTZ. Lane L DNA ladder: Lane 2: digestion with Hind111 and .VM
releasing 1.87 kb gene fragment from vector backbone (2.88 kb}- (B) Digestion of pJtTI66. Lane I:
digestion with Hindlli ondATwl releasing gvs gene [ l .99 kb} from vector backbone (3.69 kb); Lone 2: DNA
ladder

(A)

DH5a competent cells were transformed with this plasmid and transformed cells were
spread on LB agar plates having ampicillin and allowed to grow overnight (37°C). Thirty
three colonics appeared on the plate and 2 of these were inoculated, each in 5 mL LB
broth containing ampicillin. Plasmid DNA was isolated from overnight grown cultures

and it was analyzed for the presence of insert (i.e. the cry2Ac7-l). A single DNA band
(-5.56 kb) obtained by single restriction with £coRI (Fig 5.15-A) exhibiting the ligation

of cry2Ac7-l gene (1.87 kb) into pJ!T166 backbone (3.69 kb). Double digestion of the

same with HindIII and Xbal was resulted in the release of ligated 1.87 kb gene fragment
(Fig 5.15-B).

2

1
5,56 kb

10 kb
5 kb

I

3.69 kb
-1.87
kb

1.5 kb 3.0 kb

A

-

B

l-'tg. 5.15: Llhidium bromide stained agarose gel rcprtt«TUing restriction analysis of C2Ac7-t-pJ IT 166.
I: digestion with EcoRI making plasmid linear; Lane 2: DNA ladder. (B) Lane 1: DNA ladder;

(A) Ijmc

bine 2; digestion with Hindi II and &oRI releasing 1.87 kb gene fragment

5.7.5 Ligation of cry2Ac7 Expression Cassette in pG0029 and Restriction
Analysis of Recombinant Plasmid

Cry2Ac7 expression cassette (2X35S-cry2Ac7-l-CaMVt; -3.38 kb; Fig. 5,2) was
obtained by double digesting the plasmid C2Ac7-1-pJIT166 with Kpn\ and ATrol (Fig.
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5.16) and subsequently eluting it from gel as described in materials and methods (section

5.3.6),

1

I

-

338 fcb

2.18 kb

2

kb
-3.0
2.0 kb

-

-

Ki*. 5.16: I thidium bromide stained agarose get showing digestion ofC2Ac7-t-pJtTI66.
Lone t: digestion with Kpnl and Xho\ to obtain 3,38 kb expression cassette (2X35S- cry2Ac7-J- CaMVtJ;
\A ne 2: ON A ladder
Vector pG0029 (-4.63 kb) was also digested with the same restriction enzyme pair (Kpnl

and Xhol) and tincaralized vector was eluted from agarose gel (Fig. 5.17) as described in

section 53.6,

5.0 kb
3.0 kb

_

-

1

2

-

4,6 kb

Fig. 5.17: tiihidium bromide stained agarose gel showing digestion of pG0Q29
Lane 1 : DN A ladder; Lane 2: digestion with Kpnl and .VAol

Both the eluted fragments (-338 kb expression cassette and -4.63 kb pG0029) were
ligated (Fig. 5.13) and the ligated product was then mobilized to DH5a competent cells as

described in section 53.6. Both white and blue colonies appeared when transformed
DII5a cells were grown on LB agar plates having kanamycin. Afterwards, recombinant
plasmid (C2Ac7-l-pG0029; Fig. 53) was isolated from white colonies and it was
subjected to restriction analysis as described in materials and methods (section 53.6).
Single digestion with Kpnl made the plasmid linear and a DNA band of -8,0 kb appeared
when ran on agarose gel (Fig. 5.18-A) while double digesting the same plasmid with Kpnl
and Xhol resulted tn the release of -338 kb expression cassette from 4,63 kb vector

backbone (Fig. 5.18-B).
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-

8.0 kb

2

1

2

1

8.0 Jeb

-5,0 kb

3,38 kb
-J 63 kb

-

-

3.0 kb

B

A

Hg. 5.18; I thidium bromide stained agarose gel sbuwing restriction analysis of C2Ac7-1-pGQ029
(A> l.rme 1: DNA ladder; Lane 2; digestion with Apnl making plasmid (8 kb) linear, (B) Lane 1: digestion
With A/wiI and Diet releasing 3,38 kb expression cassette (2X35S- cr>'2Ac7-l- CaMVt) from 4,63 kb vector

backbone; Lane 2: DNA ladder

5.8

Sugarcane Transformation using C2Ae7-l-pG0029

5.8.1 Microprojectile Bombardment and Selection of Transformants
Calli ol’ sugarcane cv. HSF-240 were bombarded using cry>2Ac7-l and npill expression
cassettes (Fig. 5.4) derived from vector C2Ac7-l-pG0029 (Fig. 5.3) as described in

materials and methods (section 5.4.1 and 5.4.2). The various stages of transformation
procedure i.e. calli preparation, selection of transformants and acclimatization are

depicted in Fig. 5.19 and 5.20. Total 470 calli were bombarded and 398 (84,6%) were

survived alter first selection on D3C2 medium (MS + 3 mg/L 2,4-D + 600 mg/L casein
hydrolysate) having 25 mg/L geneticin. The survived calli were subjected to further two

rounds of selection (each for 20 days), first on SIM- 1 5 (MS + 2 mg/L TD2) shoot
initiation medium having 25 mg/L geneticin and second on SIM-7 (MS + 0.5 mg/L 2,4-D

+ 2.0 mg/L BAP) shoot proliferation medium containing 50 mg/L geneticin. Total 1 17
plants (independent lines)
( 1 1 7 out

were obtained from 470 calli. with 25% regeneration efficiency

of 470) after these two rounds of geneticin selection. When the surviving plants

were shifted to RT4-AC (MS + 3 mg/L NAA + 60 gm/L sucrose + 0.5% activated
charcoal) rooting medium having 75 mg/L geneticin, we obtained 38 plants (8% of total

calli bombarded) with well established roots.
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A
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E. caffi
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Fig. 5.19; Tissue culture, transformation and regeneration stages of sugarcane cv, HSF-240
(A) separation of embryogcoic (E) and non-embryogenic (NE) alii; (B) arrangement of embryogenic calli
in centre of pelri plate ready for bombardment (C and D) selection of transformants on 25 mg/I. gencticin
(E) selection of transformants on 50 mg/L gencticin. All pictures were captured at 2X.
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am
B

c

D

m

*

Fig. 5.20: Rooting and acclimatization stages of putative transgenic sugarcane (cv. KSF-240) plants
(A and B) in vitro grown putative transgenic plants, with profuse rooting, after final selection on 75 tng/L
genelidn (C) plants potted in sterilized soii mixture (D> same as in C but covered with polybags to maintain
high humidity (E) putative transgenic plants covered with potybags for acdimtdizalkHi. All pictures were

captured al 2X.

5.8.2 Molecular Chancteriuitioii of Transgenic Plant;
PCR screening of 38 putative transgenic plants, each with multiple shoots, was carried
out using gene spec i He primers as described in materials and methods (section 5.4.3).

Only 08 plants were found positive exhibiting 1.7% transformation efficiency {8 out of
470 call!) and 78% escape rale (30 out of 38), These 08 plants were again subjected to
PCR screening using same primer pair and representative gel image is shown in Fig. 5.21 .

The integration of the gene, in these eight putative transgenic plants, was further analyzed
through southern blotting as described in materials and methods (section 5.4.3.2). AM the

plants exhibited integration of the gene as was evident from the appearance of expected
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-786 bp band as shown in Fig. 5.22, The same size band was also present in positive
control samples (C2Ac7-l-pG0029 digested with HlncflU and Swtd) but was absent in

negative control (DNA from non-transgenic plants) (Fig. 5.22).

12 3 4 5 6 7 8 9
2 kb
1.5 kb

1.87 kb

Fig. 5.1 1 ; Lthidium bromide stained agarose gel showing PCR analysis of transgenic plants (cv. HSF-240)
Lane I -8: amplification of integrated t ,87 kb cry2Ac7 gene from DNA of 8 putative transgenic plants: Lane
9: DNA ladder

1234 5478 9 10

*
HI

r 1
1

Fig. 5.22: Southern blot analysis of putative transgenic sugarcane (cv, HSF-240) plants
D\A samples wen* digested with Hindlll and Swat followed by hybridization with a,:P-litbcllcd 786bp
fragment (probe) obtained from cry2Ae~ coding sequence. Lane I: Plasmid C2Ac7-J-pG002V digested with
Hindi II and 5VaI (positive control); Lane 2-9: DNA samples from transgenic plants digested with HindlW
and .S\nd: Lunc 10: DNA from non -transgenic plants digested with HindHI and .SWI (negative control )

Moreover the expression of gene was confirmed through RT-PCR as described in

materials and methods (section 5.43.3). Total RNA was successfully isolated from all
eight plants (Fig. 5.23) and cDNA was synthesized from RNA template. The cDNA was
then used for RT-PCR and 6 plants, out of the 08, exhibited amplification of the -1.87 kb
fragment of the candidate gene (Fig. 5.24). The absence of cry2Ac7-l transcripts in lines
5 and 6 (Fig. 5.24) could be due to gene silencing, a phenomenon commonly associated

w ith transformation events and is well reported in literature.

1

2

3

4

5 6

7

8

——

' 1ss
16S

—

5.SS

Fig. 5.13: Lthidium bromide stained agarose formaldehyde gd showing total RNA isolated from eight
putatii c transgenic plants
lone 1-8: typical rRNA bonds aie visible in all samples.
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1

2 3 4 5

6 7

8

9

-2 kb

1,8? kb.

b

Fig. 5.24: t.lhidiwn bromide stained agarose gel showing RT-PCR analysis of eight transgenic plants.
Lanes t-4 and 7-8: amplification 1.87 Kb cry2Ac7 gene from 6 putative transgenic plants: Lancs 5 and 6:
no amplification of 1.87 Kb cry2Ac7 gene; Lane 9: DMA ladder

5.8.3 Insect Bioassavs
Insect bioassays were carried out using larvae of sugarcane stem borer as described in

materials and methods (section 5.4.4). Larvae fed on leaves obtained from wild type
plants exhibited weight gains and less mortality while larvae ted

on leaves from

transgenic plants (event l, 2, 3, 4 and 7 in Fig. 5.24) or Cry2Ac7 protein showed

reduction in weight associated with high mortality rates (Table S.2).
Tabic 5.2: Result of bioassays using transgenic plants generated from C2Ac-l-pG0029/gciieilcin selection
Sr.
No.

2
3
4

s

6
7

Final weight

Weight

(mg)

(mg)

gain/lnss (%)

(%)

WT

26

+10.3

13.3

C2Ac7-(IR"i

22
28

29
18
22

-27,2

76.0

19

-26.3
-18.2
-19
-20
-38.8

71.0
56.0

Larv ae fed on

C2Ac7-GR-2
C2Ac7-GR-3
C2Ac7-GR-6
C2Ac7-GR-7
C2Ac7-C»R-8

Initial weight

24
26
25
24

22
21
20
18

Mortality
3 3 .3

30,0

AIM rOMT
8
25
82.0
WT: Wild typ&'non-tnmsgeric plants; C2Ac7-G R-1,1,3,6,7,8: Sis transgenic plant tine generaied from
independent events idler bombardment with C2Ac7-l-pG0Q29 expression cassette and nprll/genciicln
selection; AD-Cry2Ac7: Artificial diet supplemented with I pg/mL of purified freeze dried Ciy2Ac?
protein (Salccm. 2008; Sul can and ShukoorL 2010).

Transgenic lines 2, 3 and 8 found more deleterious for insects with 76%, 71% and 68%

mortality, respectively while line 6 resulted in 56% mortality'. The least toxic lines were 1
and 7 with 33% and 30% insect mortality, respectively (Table 5,2). The freeze dried

Cry2Ac7 (1 pg/mL of artificial diet) protein (positive control) and wild type plants
(negative control) exhibited 82% and 13.3% insect mortality, respectively.
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5,9

Construction of Recombinant Vector C2Ac7-2-pFGC594 1[-]

5.9.1 Primer Designing and PCR Amplification of cry2Ac7 Gene
A primer pair was designed with Afcol recognition site in forward primer (2Ac7-N) and
recognition site in reverse primer (2Ac7-A). PCR was perfonned using this primer
pair as described in section 5.4.1 . The optimum annealing temperature was 52cC while all

other reaction conditions were the same as given in Table 5.1. These PCR conditions
resulted in the amplification of 1.87 kb fragment as shown in Fig 5.25. Gene ruler I kb

DNA ladder {Fermentas Life Sciences #SM03 13) was also run as standard DNA marker.
The PCR product was then subsequently eluted from gel as described in chapter four
(section 4.3.2).

2 kb
l 8 kb

1.9 kb

t ig. 5,25: Klhidium bromide stained agarose gel representing the PCR amplified cry2Ac7 ger-e.
Line I and 2: amplification of gene at annealing temp. 52 "C; Lane 3: Empty; Lane 4: DNA ladder

5.9.2 Ligation, Transformation and Restriction Analysis
The eluted product was ligated into cloning vector pGEM-T and recombinant vector was
then mobilized to DH5a cells as described in materials and methods (section 5.3J). Both
white and blue colonies appeared when these transformed DH5o cells were spread and
grown overnight on LB agar plates having ampicillin, 1PTG and X-Gal. Three white
colonies were randomly picked and grown overnight in LB broth having ampicillin.
Plasmid DNA was isolated from this overnight grown culture and upon digestion of the
plasmid DNA with restriction enzymes Afatl and AscI (double digestion), a '-L87 kb
DNA band (corresponding to gene) was seen along with 3 kb DNA band of pGEM-T
vector (Fig. 5.26). Double digestion of recombinant plasmid with .Veol and Swal (cut at
786 bp within gene) was resulted in appearance of three DNA bands of 0.78 kb, l.l kb
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and 3 kb (Fig. 5.27). This could only be possible if incorporated Nco\ site (at 5' end of
cry2Ac7 gene) resides away from the Atol site of the pGEM-T vector. Thus orientation of
ligated gene in pGEM-T vector could be as shown in Fig. 5.28.
a

>

4

-

3 kb

3 kb

: kb

s fcti

I

I * kb

Fif*. 5.26: Lthidium bromide stained agarose gel representing restriction analysis of C2Ac7-2-pCiHM-T
l ane 1: DNA ladder. Lane 2-4: digestion with Scot and Asci releasing i.Bkb gene from 3 kb vector
backbone
2
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—
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-

1 U)
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I l k*
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-

0.7B kb

Kig. 5.27: Lthidium bromide stained agarose gel representing restriction analysis of C2Ac7-2-pOHM-T
Lane I : DNA ladder; Lane 2*4: digestion with Ncol andSvrdl
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Kig. 5.28: Diagrammatic representation of the recombinant vector C2Ac7-2-p(iEM-T.
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5.9.3 Ligation of cry2Ac7~2 gene in pFGC5941|-| and Restriction Analysis of
Recombinant Plasmid
Cry2Ac7~2 gene fragment (1.87 kb) was obtained by double digesting the C2Ac7-2pGEM-T plasmid with Aad and Asc\ (Fig. 5.29) and the 1,87 kb fragment was eluted
from agarose gel as described in section 5.4,1. Vector pFGC594l[~] was also double
digested with same restriction enzymes, ran on agarose gel and 10 kb fragment (Fig. 529)

—

was eluted from agarose gel.
in u>

---

3H>

I*k»>

Fig. 5.29: Eihidium bromide stained agarose gei representing digestion of pFGC594l(-J and of C2Ac7-2pGEM-T.
1-ane I : digestion of pFGC594l[-J with Meat and Asd; Lane 2: DNA ladder; Lane 3: digestion of C2Ae7*2pGEM-T with NcolandAsci

Both eluted fragments were ligated together and then moved to DH5a competent cells as

described in section 5.4.3. Twenty eight colonies appeared when transformed cells were
spread, and grown overnight, on LB agar plates having kanamycin (50 pg/ml). Four
colonies were then inoculated, separately, in 5 mL LB broth containing kanamycin (50
pg/mL) and grown overnight. Plasmid DNA was isolated from grown cultures and each

was analyzed for the presence of insert by digesting recombinant plasmid with Nco\-Asc\
and AVol-SwoI enzyme pairs, separately. Two DNA bands (1.87 kb and 10 kb) were

was expected, with Nco\-Asc\ enzyme pair (lane 3 in Fig. 5.30). Similarly,
two expected DNA bands (0.78 kb and 11 kb) were observed with Nco\-Swa\ enzyme
visualized, as

pair digestion (lane 4 in Fig. 5.30).
M

to kb

4

-

44 kb
lO bb

J.n kt*

o, rt bb

Fig. 5.30: Eihidium bromide stained agarose gel representing digestion of C2Ac7-2- pFOC5941|.J.
Lane I: DNA ladder; I Jine 2; HindU l ladder: Lane 3: digestion with foot out Aset, Lane 4: digestion with
Ncol andSwal
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Restriction of the vector (C2Ac7-2-pFGC594 1[-]) with restriction enzyme Sad was
resulted in appearance of three expected DNA bands of sizes -1.79 kb, -2.56 kb and
-7.52 kb (Fig. 5.31), thus confirming correct integration of the cry2Ac7-2 gene in vector

pFGC5941H as shown in Fig. 5.6.

3 Wb2 kb-

to kb

1 kb

_

-7.52 kb

——
-

2 56 kb
1.79 icb

Fig. 5J1 Lthidium bromide stained agarose gel representing digestion of C2Ac7-2- pFGC5941|*|.
Lane 1 ; DNA ladder; I jne 2: digestion with Sort

5, 10 Sugarcane

Transformation using C2Ac7-2-pFGC5941[-|

5.10.1 Microprojcctile Bombardment and Selection of Transformants
Calli of sugarcane cv. HSF-240 were bombarded using cry2Ac7 and bar expression
cassettes {Fig. 5.7) derived from vector C2Ac7-2-pFGCS941f-] (Fig. 5.6) as described in

materials and methods (section 5.6.1). Total of 274 calli were bombarded and 168
(613%) survived after first selection on D3C2 medium (MS + 3 mg/L 2.4-D + 600 mg/L

casein hydrolysate) having 2 mg/L glufosinate. The survived calli were subjected to
further two rounds of selection, first on SIM- 1 5 (MS + 2 mg/L TDZ) shoot initiation
medium having 5 mg/L glufosinate and second on SIM-7 (MS + 0.5 mg/L 2,4-D + 2.0
mg/L BAP) shoot proliferation medium containing 8 mg/L glufosinate. A total 46 plants

(independent lines) were obtained from 274 calli, with 17% regeneration efficiency (46
out of 274) after these two rounds of selection. When the surviving plants were shifted to

RT4*AC (MS + 3 mg/L NAA + 60 gm/L sucrose + 0,5% activated charcoal) rooting
medium, having 8 mg/L glufosinate, we obtained 14 putative tTansgcnic plants (5.1% of

274) with well established roots.

5.10.2 Molecular Characterization of Transgenic Plants
PCR screening of 14 putative transgenic plants, each with multiple shoots, was carried

out using gene specific primers as described in materials and methods (section 5.3.1).

Five planLs found positive exhibiting 1.82% transformation efficiency (5 out of 274 calli)
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with 64% escape rate (9 out of !4). These 05 plants were again subjected to PCR
screening using same primer pair and representative gel image is shown in Fig. 5-32
1

117 kl»

2

3

3 4

4

——

—

15 kb
1.3 Kb

Fig. 532: Flhidium bromide stained agarose gel showing PCR analysis of iransgcnic plants {cv. HSF-240)
t.ane 1-8: amplification of integrated 1.87 kb cry2Ac7 gene from 5 putative transgenic plants; Lane: DNA

ladder

The expression of gene was confirmed through RT-PCR as described in materials and
methods (section 5.433). Total RNA was successfully isolated from all four plants and

cDNA was synthesized using RNA template. The cDNA was llien used for RT-PCR and

all 5 plants exhibited amplification of the -1.87 kb fragment of the candidate gene (Fig.
534), These plants were then further used in insect bioassays.
I 2 3 4 5

2.5 kb J
1.5 kb ]

6

*

— •• ttv -1.87 kb

Fig. 5.33: l-.thldium bromide stained agarose formaldehyde gel showing RT-PCR analysis of five transgenic
plants {cv, HSF-240),
l anes 1, 2, J. 5 and 6: amplification of 1.87 kb crylAc7 gene from 5 putative transgenic plants; Lane 3:
[>\A Ladder

5.103

Insect Bioassays

Insect bioassays were carried out using larvae of sugarcane stem borer as described in
materials and methods (section 5.4.4). The most deleterious transgenic leaves were from

line 2 (C2Ac7-FG -2) with 73% mortality of larvae after four days feeding trials. The
(C2AC7-FG-1) and 3 (C2Ac7-FG*3) were 51% and 59%.
mortality rates of lines
respectively. Transgenic line 5 (C2Ac7-FG-5) proved least toxic with 46% mortality

no toxicity and larvae gained weight (+9.1%) with
only 11% mortality (Table 53). All these results were compared with results obtained
while line 4 (C2Ac7-FG-4) exhibited
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from feeding on non-transgen ic plants (WT) and freeze dried Cry2Ac7 protein (Table
5.3)r The values obtained from line 4 (+5U% weight gain and 11% mortality) were

almost same as obtained from larvae fed on non-transgcnic leaves. This non-toxicity of
transgenic line 4 (C2Ac7-FG~4) could be attributed to post-transcriptional gene silencing.
discussed latter In discussion part.
E'flhtf 5.3: Result of bioossays using transgenic plants generated from CMc7-2-pFGC594lt-y
phuhphinothricin selection.
Sr,

No.

Larvae fed on

4

WT
CMc7-FCM
CIAe7-FG-2
l’2Ac74'G-3

5

C2Ac7-FG-4

2

3

Initial weight
(mg)

____
____

Hinai sstf Lghl

Weight gain/loss

(mg)

W)

(%)

U

29

+ 10.3

24
23

\9
16

13.3
31

-30,4

27

2t
23
22

-22.2
+9.1
-1 5J

-20.S

Mortality

73
59

22
II
C2AC7-FO-3
26
46
-3S-g
AD-Crv2Ac7
25
H2.Q
IS
3VT; Wild tvptVKfl-transgcrk plans, ClAc7-GR- 1,23,6,7,8: Fite transgenic plant lines generateJ from
independent events after bombardment with C2Ac7-2-pFGC394tH espressiun cassette und
Aortphosplunothricljl sctcciian. AD-Cr>2Ac7: Artificial diet supplemented with 1 pg/inL of purified freeze
dried Cry2Ac7 protein {Sal cent, 2008; Snloem and Shskoori, 2010).
6
7

5.1 1

Comparison of Two Vectors

ITic results obtained from C2Ac7-J-pGQO20 and C2Ac7-2-pFGC5941[-] expression
cassettes revealed that C2Ac7-2-pFGC594 1 [-J gave slightly better transformation

efficiency with low escape rate. 'Fhts could be attributed to different methodologies
employed Tor selection of putative transgenic plants based on npt]\ (for C2Ac7*l*

pG0029) and bar (for C2Ac7-2-pFGC5941 [-]) selection genes. The overall comparison of

the two vectors is given in Table 5.4.
Twlilc 5.4: Comparison of vector CMc7-1-pG0029 and

Sr. Nu.

t
2
3
4
5
6
7

C2Ac7-2-pFGC5941[I

Character islic
Promoter to dri\ c expression of crv2.4g7 Rcfui

Gene lery2Ac7) terminator
Selection gane f selection agent)
Total calii bombarded
Punitive transgenic plums regenerated
No, of plants confirmed positive
(cry2Ac? gene integration) through PGR
Transformation efficiency

Escape rate
ft
CitJVlV: L'aulillowcr mosaic virus; OCS: Octopine synthase

C2Ac7-[-pGt)l?Z9

C2At7.1-pyGC5341|-|

CaMV35S
CJLMV

CaMVtSS

npt\\ {gcnctlgin)
470
38

OCS
bar (phospMnuihridn)
274
14

Oft

04

1.7%

1.32%
64%

78%
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DISCUSSION
Since 1980s when initial reports were published about the successful transformation of
plants, huge progress has been made in the field of plant genetic engineering and till now
many plant species have been successfully transformed using rcportcr/marker genes
(Adnan et al,, 2007; Josht et al, 201 1), genes for the large scale production of therapeutic
proteins i.c. insulin and interferon (Masumura et al, 2006; Sindarovska et at., 20I0J and

genes conferring resistance to insects (Watt et al., 2010; Bates et al., 2005; Romeis et al.
2006). Sugarcane, being a very important crop, is also under consideration for

development of elite cultivars, using transformation approach, for enhanced drought,
disease and pest resistance (James, 2010; Taparia et al, 2012).

Biolistic method of gene transfer in sugarcane was first time reported by Bower and Birch
(1992) while first published report of insect resistant sugarcane with crylAb gene of H.
thuringiemis, under the control of CaMV35S promoter, was from Arencibia ef at.,

(1997). Afterwards research in the area of developing pest resistant sugarcane cultivars
using cry genes progressed well {Srikanth et al., 201 1) and up till now there are about
eight reports (to the best of our knowledge) of sugarcane transformation for enhanced
borer resistance using cry genes (Arencibia et al, 1997; Filch et al., 1997; Braga et al.,
2001; Ali, 2006; Weng et al., 2006; Kalunke et al, 2009; Arvinth et al., 2010; Wcng et
al, 2011),

The final objective of the present study was transfer, and subsequently transgene
expression analysis, of cry2Ac7 gene in elite sugarcane cultivars. Two sugarcane cultivars
(HSF-240 and CPF-237) were initially selected on the basis of their morphological
attributes as reported by Hussain et al. (2007), Punjab Agriculture Department
and SSRI, Jhang ( www.shakaraani.com.nk). But from the
findings of tissue culture and transient expression studies, conducted during the present
dissertation, only cv. HSF-240 was finally selected to stably transfer the candidate gene

was already known for better callus formation (AM et al, 2008;
Shah et al., 2010) and we, in the present study, found that the cv. HSF-240 was not only

(icry2Ac7). This cultivar

highly responsive for callus formation but it produced better cmbryogcnic call! with high
regeneration potential compared to second cultivar (CPF-237) under study, as discussed

earlier in chapter three.

Two

vectors (C2Ac7-l-pG0029 and C2Ac7-2-pFGC594l[-J) were constructed having

incorporated cryllc7 gene whose expression was driven, in both vectors, by CaMV35S

10S
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promoter. The former vector had npt\\ gene for gencticin selection (Hellens et at., 2000)
while later had bar gene for phosphinothricin (glufosinate ammonium) selection

(Kerschen el at., 2004). Linear expression cassettes were obtained by digesting each
vector with appropriate restriction enzymes and were used to develop transgenic

sugarcane plants. The use of linear DNA fragments has already been reported by Fu el at.
(2000). in generating transgenic rice, with conclusion that linear fragments resulted in
higher transformation efficiency compared to supcrcoi led/circular plasmids. Similarly.
Kim et at. (20! I) also recommended use of minimal linear expression cassettes Tor high

transformation efficiency. Contrary to these results, Vianna et at. (2004) reported no
difference in transformation efficiency using either full circular plasmid or linear DNA
fragment to express a gene in bean {Phaseatus vulgaris L.). We, in the present stud)' used
linear DNA fragments having expression cassettes flanked by, at both ends, some extra

DNA sequences as Vidal et at. (2006) recommended addition of at least 100-150 bp at
both ends of expression cassette to prevent loss of candidate gene during integration

process. However, we did not compare use oflinear DNA expression cassettes vs circular

plasmids in the present study.
A total 470 call*

were bombarded using expression cassette of vector C2Ac7-l-pG0G29

and wc obtained 38 {8% of total call!) putative transgenic plants. The molecular

characterization (PCR and southern blotting) of these 38 plants revealed that only 8 plants
(1.7% transformation efficiency) had incorporated cry2Ac7 gene. This low rate of

transformation efficiency might be ascribed to complex nature of transformation process
itself (Arencibia et at., 1997; Somers and Makarevitch, 2004) or genotype background of
sugarcane crop (Wang et at., 2009; Vandcr-Vyver, 2010), The remaining thirty plants,
although survived genetic in selection, were actually non-transgenic plants and
represented 78% escape rate. This high escape rate could be attributed to selection

procedure that wc employed following Tadesse et at. (2003). The procedure allowed catli
to grow for first 7-10 days on a medium without any selective agent followed by

gencticin selcclion that could be increased at each subculture stage. Thus in the first week

of growth without selection provided opportunity to non-transgenic lissucs/calli to grow
enough to resist gencticin selection and appeared as putative transgenic plants, ioshi
(2009) while working on sugarcane transformation also followed the same gencticin dose

as well as selection procedure and reported 97% escape rate, higher than we observed in
the present study. Alternatively, Wang et at. (2009) used 50 mg/L gencticin, just after
bombardment, to select putative transgenic sugarcane plants and reported 89% escape
£09
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rale. The

et

escape rate, we observed in present study, was even less than reported by Wang

at. (2009) even

though we did not employ stringent selection pressure like Wang's

team. Thus we could expect further less escape rate if wc follow Wang et

at. (2009)

procedure.
Moreover, two out of the eight transgenic lines did not exhibit mRNA expression of the

cry2Ac7 gene, although gene integration was confirmed through PCR and southern

blotting (Southern, 1975). This could be due to gene silencing phenomenon as well
reported before by Iyer et at., (2000), Tax and Vernon, (2001), Kusaba et at., (2003) and
excellently reviewed by Wilson et at. (2006).

Vector C2Ac7-2-pFGC5941[-] had bar expression cassette for conferring resistant to
glufosinate ammonium. The use of this vector resulted in 1 .82% transformation efficient)
with 64% escape rate. Bower et at., (1996) reported use of bar gene for phosphinothricin
based selection in their transformation procedure. Similarly, Gallo-Meagher and Irvine
( 1996) also reported development of transgenic sugarcane (with 42% escape rate), using
bar gene, for resistance to the herbicide Ignite® which contains glufosinate ammonium (6

g/L) as active ingredient. Later, Snyman ct at. (1998) also transformed sugarcane variety

NCo310 using microprojectile technique (Snyman ct at., 1998) and a vector having bar
gene expression cassette. They reported that transgenic plants were resistant to herbicide

Buster® (glufosinate ammonium 200 g/L as active ingredient). In another study

.

conducted by Snyman et at (2001b). the group success ful I y transformed two South

African sugarcane cultivars (i.e. N12 and N19) using a herbicide resistant (hr) gene and
reported that transgenic plants from both cultivars were highly resistant to herbicide
(name did

not mention in paper).

From our findings, which are in accordance to previous reports, it is evident that
glufosinate ammonium is a potent selective agent and introduction of bar gene for
herbicide resistance (BASTA, Buster, Ignite, Liberty etc) is a good alternative to
antibiotic based selection (Zhang et at., 2000; Wei

el

at., 2012), however Taperia et at.

(2012) in a recent study concluded that n/rtll/gcncticin selection (Falco et

proved

better

than

6ar/glufosinate

(Gallo-Meagher

and

Irvine

at.. 2000)
1996)

or

isomerasetmmtio&e (Jain et at., 2007) selection for various sugarcane cultivars.
Two promoters commonly used for transgene expression in sugarcane are Cauliflower
mosaic virus 35S and maize ubiquilin promoter (Cheng et at., 2004). Snyman et at.
(2001b), while developing herbicide resistant sugarcane cultivars, reported use of five

different promoters to drive the expression of same hr gene and they concluded that
110
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CaMV35S promoter proved strongest for transgene expression of candidate gene in the
complex genome background of sugarcane. These findings were contradictor}- to other
reports (Weng et at., 2006; Arvinth et at., 2010) but were in harmony with findings of
Kolunke et at. (2009). We in the present study also used CaMV35S promoter, in both
vectors, to drive transgcnc expression of cry2Ac7 gene. The transformation efficiencies,
we obtained, even though not much high but were comparable to transformation

efficiencies reported before for sugarcane using microprojectile bombardment (Bower et
at.. 1996; Ali, 2006; Joshi, 2009; Khan et at., 2011). However we did not compare
Strength of CaMV35S with other suitable promoters but, as future prospect, our findings

could be used for comparative study of promoter strength to drive transgene expression in
local sugarcane cuttivars.

Insect bioassay results of present study confirmed the toxicity of transgenic plants, hence
expression of ay2Ac7 gene, to

2nd/3fd

instar larvae of sugarcane stem borer (Chilo

infuscatelius Snellen), All the six plants obtained from geneticin selection proved toxic
and results were comparable to wild type plants and freeze dried cry2Ac7 protein (Sttlcem
2008; Sateem and Shakoori, 2010). Four out of 5 plant lines, obtained from
phosphinothricin selection, showed toxicity- to insect larvae as was exhibited by weight

loss and mortality. Somehow, one plant line (C2Ac7-KG-4) although exhibited DNA
Integration and mRNA expression (as was evident from PCR and RT-PCR) but was not
hannful for insect larvae. The results could be attributed to post transcriptional gene
silencing or epigenetic effects (Svitashcv and Somers, 200!; Kohli et at., 2003) as

integration is a very complex phenomenon (Somers and Makarevitch, 2004)
and a major proportion of transgenic events found to contain truncations or
iransgene

rearrangements of candidate gene in genomes of

various target crops (Breitler et at.,

2002). In this context. Barm el at. (2003) analyzed three independent transgenic events in

Tritordeum, using fluorescence in situ hybridization (FISH) technique, and reported that
all were associated with mutations (translocations). Similarly, Vidal et at. (2006) also

concluded that integration process of foreign DNA was associated with loss of some
transgene fragments and hence loss of gene expression (Tzfira et at., 2004; Kim et al
2011). Thus on the basis of above mentioned findings, we could conclude that C2Ac7-FG
-4 transgenic line, although had integrated gene, but failed to express it due to unknown
post-transcriptional silencing mechanism.

U!
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Conclusion
Two vectors (C2Ac7*l-pG0029 and C2Ac7-2-pFGC5941 [-]) were constructed for
crylAc 7 expression in elite sugarcane cv. HSF-240. The promoter to drive expression of
ay2Ac? was same (i.c. CaMV35S) in both vectors; however, termination sequences were
different i.e. former had cauliflower mosaic virus terminator sequenc (CaMVter) while

later had octopine synthase terminator (OCSter). Moreover C2Ac7-l-pG0029 had

»/>/ll

gene for gcneticin based selection of putative transgenic plants while C2Ac7-2pFGC594ll*J had bar gene for phosphinothricin (glufosinate ammonium) based selection.
Expression cassette of C2Ac7-l-pG0029 resulted in 1.7% transformation efficiency with

78% escape rate. On the other hand C2Ac7-2-pFGC594 1 [-] expression cassette gave
1 .82% transformation efficiency with 64% escape rate. Thus C2Ac7-2-pFGC594 1[-| gave

slightly better results that could be due to differences in both gene termination sequences

as well as selection methodology (geneticin vs phosphinothricin). Moreover the
promoters and termination sequences flanking the marker genes (n/rtll in C2Ac7-l*
pG0029 or bar in C2Ac7-2-pFGC5941[-]) might also played their role in achieving

observed transformation frequencies and escape rates.
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Annexurc I

ANNEXURE I
Murasliige and Skoog Iiasal Medium: Stock Solutions
A)

MS Mncronntricnts {10X>: Macronutricnts stock solution was prepared 10 times

stronger than required concentration. To make I L MS solution, 100 ml, of the stock

solution was used.
Sr. No.
1

2
3

4
S

Ingredient Name

Ammonium Nitrate
Calcium Chloride
dehydrate
Magnesium sulfate hepta
hydrate

Potassium Nitrate
Potassium Phosphate

Monobasic

Formula with
Mol. Weight (in
grams)
NH4NQ3 (80.05)

CaCI2.2H20

Required
Can ecu 1 ration

Stock Solution

coace n tr:t(inn

1650

(mg/1,)
1650*10 - 16.500

440

440*10 -4400

(147.02)
MgS04.7H20
(246.47)
KN03 (101.10)

370

370*10 = 3700

1900

1900*10- 19.000

KH2P04 (136.08)

170

170*10= 1700

B) MS Micro nutrients (100X): Micronutricnts stock solution was prepared 100 limes
stronger than required concentration. To make 1 L MS solution, 10 mL of the stock

solution was used.

Sr. No.

Ingredient Name

1

Boric Acid

2

Cobalt Chloride, 6H20

3

Cupric Sulfate*51120

4

Manganese Sulfate*H20

5

Motybdic Acid (Sodium
Salt)* 2H20

6

Potassium Iodide

7

Zinc Sulfale*7H20

Formula with
Mai. Weight (in
grams)
H3BQ3 (61.84)

CoC12.6H20
(237.93)

CuS04.5H2O
(249.68)

MnS04.H20
(169.02)

Na2MoO4.2H20
(241.95)
KL (166)
ZnSQ4.7H20

(287.55)

Required / Final
Conceit I ration

Stock Solution
concentration

(mg/L)

(mtfL)

6.2

6,2*100

620.0

-

0.025

0.025* 100 2.5

0.025

0.025*100 =2.5

22.3

22J*100 = 2230

0.25

0.25*100 = 25.0

0.83

0.83* 100 = 83,0

8.6

8.6*100 = 860.0
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C) MS Vila mins (100X): Vitamins stock solution was prepared 100 times stronger than
required concentration and to make 1 L MS solution, 10 mL of the stock solution was

used.

Sr. Nol

2

3
4

5

Ingredient Name

Glycine (Free Base)
Myo- inositol

Formula with
Mol. Weight (in
grams)

Required / Final

Stock Solution

Concentration
(mg/L)

concentration
(mg/Li

C2H5NQ2 (75.07)

2

2*100 = 200

100

100*100- lOOftrt

0.5

0.5*100 = 50.0

0.5

0.5*100 50.0

0.1

0.1*100= 10.0

C6HI206
(180.16)

Nicotinic Acid

C6NH502
(123.10)

Pyridoxinc-HCI

C8HJ 1N03-HCI
(169.18)

Thiamine'HCI

C12HI7CIN40S
(337.27)

-

D) Iron-EDTA (1OX):

lron-EDTA stock solution was prepared 10 times stronger than
required concentration and to make 1 L MS solution, 100 mL of the stock solution was
used.

Sr. No,

Ingredient Name

Formula with
Mol. Weight (in
grams)

I

Sodi um-EDTA .2 H20

Na2I£DTA*2H20

2

Ferrous Sulfate*7H20

FeS04.7H20

(372.24)

(278.02)

Required I Final
Concentration
(m#L)

Stock Solution
OOX)
concentration

(mg/L)

-

37.26

37.26* 10 372.6

27.8

27.8*100 = 278.0
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ANNEXURE II
Solutions for Plasmid DNA Isolation
Solution I: 50 inM glucose, 25 mM Tris-CI pH 8.0 and 10 mM Na-EDTA pH 8.0.
Solution II: 0.2 N NaOH and 1% (w/v) SDS.

Solution III: 60 mL of 5 M potassium acetate, 1 1.5 mL of glacial acetic acid and 28.5

mL of water.
Solutions for Plant Genomic DNA Isolation:
CTAB Extraction Buffer;
final concentration

Reaeent

2%

CTAB

2 gm

2%

PVP (MW 40000)

2 gm

1.4 M

NaCI

28 mL

5.0 M

20 mM

EDTA (pH 8.0)

4 mL

0,5

100 mM

Tris HCI (pH 8.0)

lOmL

1.0 M

2%

(Tmercaptocthanol

2 mL

For 100 ml.

M

[Note: Prepare the solution without CTAB, PVP and p-mertaptocth3noi. Autoclave the

solution and store at room temperature. When needed add CTAB, PVP and

p-

mercaptoethanol. Heat at 65 °C to dissolve CTAB and PVP].

Wash Buffer:

76% Ethanol
10 mM Ammonium acetate

TE (IX):

10 mM tris HCI (pH 8.0)
I mM EDTA (pH 8.0)

5 M NaCl:

292.2 gm/L

SOX TAE Buffer {Components per liter):
Tris Base (242 g). Glacial Acetic Acid (57.1 mL) and 0.5 M EDTA, pH 8.0 (100 mL).

6X Agarose Gel Loading Buffer (Components per 10 mL):
Bromophenol Blue (25 mg / 0.25%), Xylene Cyanol FF (25 mg / 0.25%). and Glycerol in
water (3 mL/30%).

10X Agarose Formaldehyde Gel Buffer (Components per liter):
MOPS, free Acid (41.9 g), Sodium Acetatc.HjO (6.8 g), 0.5 M

EDTA [pH 8] (20 mL)

and adjusted pH to 7.0 with NaOH
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Agarose Formaldehyde Gel Running Buffer (Components per liter):

10X AF Gel Buffer (100 mL), 37% formaldehyde (20 mL) and RNAase free (DEPC
treated) st.dHÿO (880 mL).

RNA Gel Loading Buffer (Components per 10 mL):

Bromophenol Blue (25 mg / 0.25%), 0.5 M EDTA, pH 8.0 (80 uL), 37% formaldehyde
(750 pL). Glycerol (2 mL). Formamide (3.084 mL) and 10X AF Gel Buffer (4 mL).

5-bromo-4-chloro-3-indolyl-p-D-galactosidc / X-Ga! (20 mg/mL):
Dissolve 20 mg X-Gal in N, N'- dimethyl formamide, filler sterilize, make aliquots and

store at -20 °C.
Isopropyl ji-D-thiogalactoside / IPTG (100 mM):

Dissolve 0.238 gm in 10 mL dH;0, filter sterilize, make aliquots and store at -20 °C.

IBA (1 mg/mL):
Dissolve 50 mg in 2-3 mL of 1 N KoH and then complete the volume to 50 mL with
dl liO, ftlter sterilize, make aliquots and store at -2Q°C.

Geneticin (50 mg/mL):
Dissolve 750 mg geneticin in 1 mL distilled water, Bring up to 15 mL with water, filter
sterilize and store at -4°C.

Phosphinothricin / Glufosinate ammonium (100 mg/L):

Dissolve 100 mg phosphinothricin in 300 mL dH20, Bring up to 1000 mL with dlljO,
filter sterilize and store at -4°C.

Spermidine (0.1M):
Dissolve 0.255 gm of spermidine in 5 mL dH20 and then make final volume 10 mL.
Filter sterilize and store at -20ttC.
CnClj (2.5 M):

Dissolve 36.75 g CaCF in 100 mL dHiO, filter sterilize and store at -4°C.

BAP (1 mg/mL):
Dissolve 0.025 g 13 AF powder in 500 mL of IN KOH. Make up to 25 mL with dHjO,
filter sterilize and store at -20 °C.
2, 4-D (2 mg/mL):

Dissolve 0.1 g of 2,4-D in very little IN KoH. Make up the 50 mL volume with dll20.
Filler sterilize and store in aliquots at -20 °C.
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kunamycin (50 mg/ml,}:

Dissolve 500 mg kanamycin monosuiphate in 10 mL dHjO, filter sterilize and store at
20°C.

-

Ampieillin (100 mg/mL):
Dissolve 1,0 gm ampieillin in 10 mL dHÿO, filler sterilize and store at -20UC.
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ANNEX URE III
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Vector pFGC5941[-J is

EI

modified version of pFGC594l (an RNAi vector; TAIR

accession no. 1004952070) and could be used for transgeiie expression of a candidate

gene in plants. This vector has bialaphos resistance gene ( bar gene) under the control of
matmopine synthase promoter. Further details and the complete sequence of the vector
could be found at ihe following website.
(http: plantsci.m issotiri.edu muptcl nPGC594 I -,ht ml).
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ANNEXURE IV
Solutions for Southern Blotting
10X DNA Loading Dye:

Add 40 mg bromophenol blue, 40 mg xylene cyanol, and 2.5 g Ficoll™ 400 in approx, 8
ml. of sl.dHjO, Mix to dissolve, make up lo a final volume of 10 mL and store al

room

temperature for up to three months.

SOX TAE Buffer:
242 g Trizma™ base, 1 8.6 g ethytcnediaminctctra-acetic acid (EDTA), sodium salt, add

approx. 800 ml, of st.dKbO, mix lo dissolve, adjust to pH 8 with glacial acetic acid (—57
mUL), make up to a final volume of 1000 mL and store at room temperature for up to 3
months,

Dcpurination Solution (0.125 M HCI):
1 1 mL HCI. 089 ml, st.dHiO, mix and store at room temperature for up to 1 month.

Dcnatu ration Buffer:

87.66 g NaCl, 20 g NaOH, add approx. 800 mL of st.dHjO, mix to dissolve, make up to a
final volume of 1000 mL with st.dH;0 and store at room temperature for up to 3 months.
Neutralization Buffer:

87.66 g NaCl, 60.5 g Trizma base, add approx. 800 mL of st.dHjO, mix to dissolve,

adjust pH 7.5 with

cone,

HCI, make up to a final volume of 1000 mL with

st.dH:0 and

store at room temperature for up to 3 months,

Transfer Buffer (20X SSC):

88.23 g Tri-sodium Citrate, 175.32 g NaCl, add approx. 800 mL of st.dHiO. mix to
dissolve, check the pH is 7-8, make up to a final volume of 1000 mL with st.dli20 and
store at room temperature for up to 3 months.

Southern Blotting Procedure
Cel Treatment:

t , Separate the DNA samples by electrophoresis on an agarose gel.
2, Following electrophoresis

visualize the DNA samples in the gel with UV light,

Fhoiograph it and process the gel for blotting (between each step rinse the gel in distilled
water).
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3. Piact the gel in dcpurination solution (0.125 M HC!) so that the gel is completely
covered in the solution. Agitate gently Tor 10-20 minutes. During this lime the
hromophcnol blue dye present in the samples will change colour.

4. Submerge the gel in sufficient denaturalion buffer. Incubate for 30 minutes with gentle
agitation. During this time the bro mo phenol blue dye wit I return to its original colour.
>. Place ihe gel in sufficient neutralization buffer to submerge the gel. Incubate for 30

minutes with gentle agitation.
Capillary Blotting:

I . Cut a sheet of membrane according to the size of the gel

2. Hal T HI! a tray or glass dish of a suitable size with the transfer buffer Make a platform
and cover with a wick made from three sheets of Hybond blotting paper saturated in

transfer buffer (20X SSC).
3. Place ihe treated gel on the wick platform. Avoid trapping any air bubbles between the

gel and the wick. Surround the gel with ding film to prevent the transfer buffer being

absorbed directly into the paper towels,

4. Place the membrane on top of the gel. Avoid trapping any air bubbles.
5. Place three sheets of Hybond blotting paper cut to size and saturated in transfer buffer,

on top of the membrane. Avoid trapping any air bubbles.

6. Place a stack of absorbent towels on top of the Hybond blotting paper at least 5 cm
high.

7. Finally, place a glass plate and a weight on top of the paper slack. Allow the transfer to
proceed overnight.
8. A Iter blotting, carefully dismantle the transfer apparatus. Before separating the gel and
membrane, mark

the membrane to allow identification of the tracks with a pencil,

9. Fix the DNA to the membrane by baking at 80°C for 2 hours.

10. Blots may be used immediately otherwise could be stored at -80° C but must be
dm roughly dried If storage is required.
Radioactive Hybridizations using Prime m Cwcft Labelling system (Prcmega):

I . Turn on the incubator and 65°C water bath. Remove oPÿ and salmon sperm DNA from

freezer. Place closed

aP13 container behind the plastic shield to thaw. Take hybridization

buffer solution out of refrigerator and place in 63°C water bath.
2. Assemble large hyb tubes needed in rack, place blots in tubes, wrap lop w ith Teflon
tape, and pre-wet with 5X SSC solution. Heat l liter or larger beaker with water to boiling

outside of shield area.
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3. Thaw Prime-a-Gcne kit components except Klenow enzyme. Thaw probe DNA and

prepare dNTP mixture.
4. Write out Hybridization solution reaction components and add st.dHjO and probe DNA
amount needed to screw cap lubes. Place the tubes in boiling water and heat to denature

for about 5 minutes. Also place a screw cap tube of Salmon sperm DNA lo denature (500

pL for each Hybridization tube). After boiling, place the tubes on ice for 5 minutes.

5. After 5 minutes on ice, drain the 5X SSC from large Hyb tubes into sink, add 20 mL of
fully heated 65°C Hybridization solution to each tube, add 500 pL of denatured Salmon

sperm DNA to each tube, cap lightly, but not too tight, and place into ruck inside fully
heated incubator, balancing tubes across from one another. Close door, turn on rotator and
cheek for leaky lids and proper rotation.
6. Add buffer, BSA, dNTPs, and Klenow to probe DNA tubes on ice outside of shield.

Place tubes on ice behind shield to add

ctP32. Cap tightly, mix gently, and place in

rack

behind shield at room temperature for 3-4 hours.
7. After 4 hours, start boiling water in beaker behind shield.
8, When water

is boiling, incubation is over so place Hyb probe screw cap tube along

with 500 pL per lube of Salmon sperm into tube Boat and boil to denature lor 5 minutes.
9,

After four minutes boiling, remove large Hyb tubes from incubator, drain pre-hyb

solution into sink and place in rack,

10. Right before live minutes add 10 mL hot Hybridization solution to each tube, turn off
burner, and add the probe/Salmon

sperm mixture to die Hybridization solution at the

bottom of each tube, taking care to be sure the pipette dispenses radioactively ‘hot’ probe
solution directly into Hybridization solution and not onto blots in tube.
1 1 . Work quickly to recap tubes and place back into incubator. Turn on rotator and check
for leaky caps.

12. Allow to incubate overnight.
13. The next day pour off the probes into waste container and wash blots in the tubes with

0.1X SSC, 0.1% SDS solution (heated to 65°C) one quick rinse pouring waste into
containers, then for 20 minutes two additional washes.
1 5. Remove blots from tubes behind shield and wrap with Saran wrap.
16. Check for activity with Geiger counter and place into film cassette.

1 7. In darkroom, add X-ray films and dose cassette.

18. Place in -80°C freezer for 2-4 days.
19,

Develop film in darkroom.
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To whom it may concerns
This letter is to verily that Mr. M. Sohail Akram s/o M. Akram Tahir visited my lab as Research
Scholar from January 11 to August 29, 2010. During his stay he got extensive training in the
Field of crop biotechnology and went through all stages of Agrobacterium-m&tialcd stable
transformation of soybean (Glycine max) and maize (Zea mays).
As a pan of this training, he also learnt the following lab techniques:

1. Biolislic-mcdiatcd maize transformation
2. DNA and RNA isolation from plants
3. Southern blot and Northern blot analysis
4. Construction of plant expression / gene silencing vectors
5. Aiabidopsis RNAi mutant herbicide screening / Progeny segregation analysis
6. Bioinformatics

In addition, he worked on his own research project including cloning of cry2AC gene into plant
binary transformation vectors (pFGC5941(-) and pZYlOl ) as well as Souihem blot analysis of
transgenic sugarcane plants.
During his training, 1 was impressed with his previous knowledge on plant genetic engineering
and molecular biology. Me was also a good listener and hard-worker who got along very well
with my lab people. I am confident thal his training will benefit his current graduate research
program as well as his future professional career.
Please do not hesitate to contact me if you have any further question.
4

Sincerely youre,

tfnyuan Zhang, Director
Plant Transformation Core Fi
University of Missouri

1-31 Agriculture Building Columbia, MO 45211-7140 USA
Web; htip Z/pUntsa nttBoun edu

IW 573-*82-7511 F« 573-882-1469

