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Abstract

Cotton is a high value agricultural product, adapted mainly for textile fiber and
also for production of vegelable oil. Cotton leal curl disease is caused by whitefly-
(ransmitted begomovirus. which require additional satellite DNA components like DNA [}
to induce symptoms. ACI gene (replication associated protein) is absolutely required for
replication of viral DNA. In addition to virus, cotton plant is attacked by a number of
insect pests: the major ones are the cotton bollworms and cotton aphids that cause
extensive damage. The insects are mainly controlled by chemical sprays, so the main
objective of this study was to engineer cotton against leaf curl disease and insect pests

(bollworm) complex by transforming with both AC1 (virus) and ¢ry/Ab (bacteria) genes.

Initially, primers were designed to amplify the truncated rep (ACI) gene from
DNA A of cotton leal curl virus (CLCuV). Amplified rep gene (757 bp) was first cloned
in plant expression vector pN6 in sense and antisense orientation. AC1 based RNAi
cassette was then lifted from pN6 along with CaMV35S promoter and poly A tail and
subceloned into the plant transformation vector pBS389. I'or insect (bollworm) resistance.
crylAb (2.1kb) of Bacillus thuringiensis was cloned in plant expression vector plI'T 60
under constitutive CaMV335S promoter and then subclonrd into plant transformation
vector pGA482. Both AC1 based RNAi and Bt (¢rplAb) constructs were transformed into
Agrobacterium tumefaciens strain (LBA 4404). Agrobacterium (using equal concentration
of Agrobacterium cultures) mediated transformation of hypocotyls of 7-8 days old plants
of Coker-312 was carried out in four batches. Overall callusing and embryogenic
efficiency of cotton calli were 53% and 20% respectively. Molecular analysis of the 5
randomdly selected embryogenic calli was performed. Total genomic DNA was isolated
and PCR was performed on DNA isolated from five calli, which indicated the presence of
both specific (truncated AC1 and cry 14b) and nptll genes. These plants will be
challenged to virus/insect in containment facility. It is expected that transgenic plants

produced in this study will resist against CLCuD and insect attack.
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is transmitted by whitefly (Bemicia tabaci) in a persistent manner. Characteristic
symptoms of CLCuV-infected cotton include upward or downward curling of leaves.
vein distortion, thickening and enations on underside of leaves (fan like outgrowths) (Fig.
2). It has been found that leaf” curl disease of cotton is associated with four variable
geminiviruses (Zhou ef al., 1998). These viruses which are most diverse have been
named as Cotton !'eqf curl virus Pkl (CLCuV-Pkl) and Cotton leaf curl virus Pk2
(CLCuV-Pk2) (Zafar et al., 1997) and correspond to CLCuV-Pk type 26 and CLCuV-Pk
type 72b, respectively as described by Zhou et al.. 1998. This is indeed a unique example
where four variable geminiviruses are associated with the same disease in the same
geographical area. During the course of investigation nanovirus like DNA 1 associated
with CLCuD in Pakistan has also been reported (Mansoor e al., 1999). DNA 1 may
represent one component of multipartite virus that belongs to a novel nanoviridae genus
comprising member that are transmitted by whitefly B. tabaci. 1t differs from nanovirus
components in two main respects. Firstly, it is whitefly transmitted, whereas all known
nanoviruses are transmitted by either aphids or plant hoppers (Grylls and Butler, 1959;
Julia, 1982). Secondly, it is significantly larger than the multiple components of Banana
bunchy top virus (BBTV), Faba bean necrotic yellow virus (FBNYV) (Boevink et al.,
1982: Katul et al., 1997; Sano et al., 1998). This is the first demonstration of a disease
involving two single stranded DNA components, which show no sequence homology
(Mansoor et al., 1999). Recently, a novel single-stranded DNA of approximately 1350
nucleotides in length has also been identified and isolated which when co-inoculated with
the begomovirus to cotton, induce symptoms typical of CLCuD. This molecule, termed
DNA B, requires the begomovirus for replication and encapcidation (Zafar e al., 2003).
The CLCuV/DNA B complex together with a similar complex previously identified in 4.
conyzoides, represent members of an entirely new class of infection disease causing
agents (Briddon et al., 2001). Thus such virus complexes are widespread in which
distinct DNA B and DNA 1 homologues are associated with monopartite begomovirus
infections of 4. conyzoides, cotton in Pakistan and hollyhock in Egypt (l@{faﬁéé@q&{..
1999: Briddon et al., 2001; Mansoor ef al.. 2003). Moreover, geminiviruses exploit thé\
replication-recombination-repair connection to replicate more efﬁé,ilemly o overcome '

host plant defense (Von Hippel et al., 2000),
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APPENDIX I
Components of MS Salt

Macro Elements mg/l 20x(g/l)
KNO3 1900 3.8
KH2PO4 170 | 3.4
MgSO4 370 7.4
CaClz 440 8.8
NH4NO3 1650 8.9
Micro Elements mg/l 50xg/500ml
HzBO3 6.2 0.31
MnSO4 16.9 1.7156
ZnS04.7H20 8.6 0.43

Kl 0.83 0.0415
NaMoO4 2H20 0.25 0.0125
CuSo4 2H20 0.025 0.00125

CoCl2 6H20 0.025 0.00125



APPENDIX 11

Vitamin Bs
1 Nicotinic Acid 0.1g
Thiamine HCL 19

Pyridoxine HCL 0.1g

W N

Myo Inositol 109

APPENDIX III
MSO Medium

(For seed germination)
pH 5.7-5.8 in dist. water

1 MS Salt 4.3g/l
2 Vitamin Bs 5ml/l

3  Gluocose 30g/1



APPENDIX IV

CCIl Medium

(For callus induction & maintenance
pH 5.7-5.8 in dist. water

1 MS Salt 4.3g/l
2  MgClz 1.6g/l
3 Vitamin Bs S5ml/l
4 24D 1ml/l
5 Kinetin 5ml/l
6 Glucose 30g/1
APPENDIX V
MSK Medium

(For embryo induction and maturation)

(pH 5.7-5.8; for 1000 ml) in dist. water

1 MS Salt

2  Vitamin Bs
3  Glucose

4  MgChk

5 KNOs

4.3g/l
Sml/l
30g/I
1.6g/I
1.99/l
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APPENDIX VI

WASHING BUFFER

(pH 7.4; for 1000 ml) in dist, water:

NaCl 8.00 g
KH2PO;4 020 g
Naz HPOy 115¢
KCL 020g
Tween 20 050 g
NaNs 020 g
COATING BUFFER

(pH 9.6; for 1000 ml) in dist. water:

Na2 CO3 159g
NaHCO3 293¢
NaN3 020 g
CONJUGATE BUFFER

(pH 7.4; for 1000 ml) in dist. water (pH adjusted with HCI )

Tris-(hydroxymethyl)

aminomethane(TRIS) 240 g
NaCl 8.00¢g
PVP (Polyvinylpyrrolidone) MW 24000 20.00 g
Tween 20 0.50 g
BSA (bovine serum albumin) 200g
MgCl.. 6 H20 020¢g
KCL 020¢g

NaN3 020 ¢



SUBSTRATE BUFFER

(pH 9.8; for 1000 ml) in dist. water (pH adjusted with HCI )

Diethanolamine 97.00 ml
NaN3 020 g
EXTRACTION BUFFER

(pH 7.4; for 1000 ml) in dist. water (pH adjusted with HCI )

Tris-(hydroxymethyl)

ainomethane (TRIS) 240 ¢
NaCl 8.00g
PVP (Polyvinylpyrrolidone) MW 24000 200g
Tween 20 0.50 g
KCL 020g
NaN3 0.20¢g
APPENDIX VII

LB (LURIA-BERTINI) MEDIUM:

Tryptone 1.0 %
Yeast extract 0.5 %
NaCl 0.5 %
Agar 1.5 %

Adjust pH to 7.5 and autoclave.
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APPENDIX VIII

PREPARATION OF ELECTROCOMPETENT CELLS OF E. coli

DH5-a

A single colony from a freshly grown plate of DH5-a (GIBCO-BRL, USA) was
picked and transferred into 100 ml LB medium in 1 liter flask and incubated at 37
C’ overnight with vigorous shaking.

2.5 ml of the overnight culture was taken and transferred to 250 ml LB in 1000 ml
flask and shaken vigorously at 37 "C until O. D of 0.5-1.0 (101 cells/ml).

The cells were transferred aseptically to sterile disposable 50 ml propylene tube.
The culture was cooled by keeping on ice for 10 minutes.

The cells were pelleted by centrifugation at 5000 g at 4 'C for 15 minutes and
resuspended in one of volume sterile cold distilled water.

The cells were pelleted by centrifugation at 5000 g at 4 ’C for 15 minutes and
resuspended in 0.5 volume of sterile cold distilled water.

The cells were pelleted by centrifugation at 5000 g at 4 "C for 15 minutes and
resuspended in 0.02 volume of sterile cold distilled water,

The cells were again pelleted by centrifugation at 5000 g for 15 minutes and
suspended finally in 0.002-0.003 volume sterile 10% cold glycerol.

The cells were stored in aliquots of 50 ul or 100 pl at -70 "C.

Vi
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APPENDIX IX

TRANSFORMATION IN E. coli DH5-a BY
ELECTROPORATION

For electroporation following protocol was used.

Electroporation cuvetts 2 mm gap were placed on ice.

Vials of frozen electrocompetent cells of DH5-0 were allowed to thaw on ice.

2 pl of ligation mixtures was pipetted into Eppendorf tube containing the
competent cells and was mixed gently with the pipette tip.

The conditions for electroporation were:

Choose mode T 25KV

Set resistance R R5 (129 ohm)
Chamber gap 2 mm

Set charging vollage 245 KV

The electrocompetent cells containing the ligation mixture were transferred to
electroporation cuvette,

Pulse was given and 1 ml of liquid LB medium was added immediately, mixed
gently and transferred to a 1.5 ml Eppendorf tube and incubated at 37 °C for 45
minutes with vigorous shaking.

100 pl of transformed culture was spread on solid LB medium having 100 mg/ml
ampicillin,

After the liquid was absorbed completely. The plates were sealed with Para film
and kept at 37 "C in incubation for over night.

Colonies were picked with sterile toothpicks and cultured in 3 ml liquid L.B
medium containing 100 mg/ml ampicillin.

Culture tubes were kept at 37 UC in water bath for over night with vigorous

shaking,.

vii



11. Plamid was isolated and checked on 1% agarose gel.
12. Plasmid DNA was digested with Hind I1I and Bam H I restriction enzymes for
screening.

Confirmed colonies were marked, preserved in 50% glycerol and stored at -70 °C
for further use.

APPENDIX - X

MINI PREP SOLUTIONS:

Solution I (Resuspension buffer)

Tris (pH 7.4-7.6) 50 mM
EDTA 10 mM
RNAase A 100 pg/ml

Solution IT (Denaturation solution)

NaOH 02N
SDS 1%

Solution III (Neutralization solution)

Potassium acetate (pH 4.8-5.0) 3M

viil



PLASMID ISOLATION FROM E.coli: ALKALINE LYSIS
METHOD (MINI PREP)

Following protocol was used for the isolation of plasmid DNA from E. coli.

1) A single E. coli colony was cultured in 3 ml liquid LB medium containing 100
mg/ml ampicillin or 50 pg/ml kanamycin and grown overnight at 37 °C.

2) The E. coli culture was centrifuged in 1.5 ml Eppendorf tube at 14000 rpm for 1
minute.

3) The supernatant was discarded and the pellet was allowed to dry on tissue paper.
4) 200 ml of solution I (Appendix X) was added to Eppendorf tube and the pellet was
suspended in the solution with the help of vortex.

5) 200 ml of solution II (Appendix X) was added to Eppendorf tube and mixed well by
inverting gently and incubate for 5 minutes at room temperature.

6) 200 ml of solution IIT (Appendix X) was added to Eppendorf tube mixed well and
incubate for 5 minutes at room temperature then centrifuged at 14000 rpm for 5
minutes.

7) The supernatant was taken in fresh Eppendorf tube and two volume of 100%
ethanol were added.

8) Eppendorf tube was kept at -20 °C for 20 minutes and then centrifuged at 14000 rpm
for 10 minutes.

9) The supernatant was discarded and the pellet was washed with 70% ethanol and
pellet was air dried.

10) 20 ml of sterile distilled water was added to the pellet to dissolve DNA and was
stored at-20 °C.

The plasmid concentration and quality were detected by 1% agarose gel using

stranded DN A markers.



APPENDIX XI

RAPID GEL EXTRACTION PROTOCOL

Perform all centrifugation at room temperature.

Before beginning preheats an aliquot of TE to 65 to 70 °C. Equilibrate a water bath or

heat block to 50 °C. Verify that ethanol has been added to wash Buffer (L2).

jif
2
a.
b.
&
4,
Note:
5.

GEL SLICE EXCISION: Cut the area of gel containing the DNA fragment
using a clean, sharp blade. Minimize the amount of surrounding agarose
excised with the fragment.

GEL SLICE WEIGHING: Weigh the gel slice.

For < 2% agarose gel, place up to 400 mg of gel into a 1.5 ml polypropylene
tube, Divide gel slices exceeding 400 mg among additional tubes. Add 30 pl of
Gel solubilization Buffer (L1) for every 10 mg of gel.

For > 2% agarose gel, place up to 400 mg of gel into a 5 ml polypropylene tube.
Divide gel slices exceeding 400 mg among additional tubes. Add 60 pl of Gel

solubilization Buffer (L1) for every 10 mg of gel.

GEL SOLUBILIZATION: Incubate at 50 °C for > 15 min. Mix every 3 min to
ensure gel dissolution. After gel slice appear dissolved, incubate for 5 min
longer.

CARTRIDGE LOADING: Place a spin cartridge into a 2 ml wash tube.
Pipette the mixture from step 3 into the spin cartridge. Centrifuge the mixture
in a microcentrifuge at > 12,000 rpm for 1 min. Discard the flow through.

Load no more than 400 mg agarose per cartridge.

(OPTIONAL CARTRIDGE WASH): Place the spin cartridge back into the 2
ml wash tube. Add 500 pl Gel Solublization Buffer (L1) to the spin cartridge.
Incubate at room temperature for 1 min, then centrifuge at > 12,000 rpm for 1

min. Discard the flow through.



0.

CARTRIDGE WASH: Place the spin cartridge back into the 2 ml wash tube.
Add 700 pl of Wash Buffer (L2) (containing ethanol) to the spin cartridge and
incubate for 5 min at room temperature. Centrifuge at > 12,000 rpm for 1 min.
Discard the flow through. Centrifuge again for 1 min to remove residual wash
buffer.

DNA ELUTION: Place the spin cartridge into a 1.5 ml recovery tube
(supplied). Add 50 pl of warm TE Buffer (TE) directly to the center of the spin
cartridge. Incubate for 1 min at room temperature, then centrifuge at > 12,000

LE

rpm for 2 min.
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