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Abstract: Problem statement: The present investigation described a simple apobdeicible protocol
for transgenic cotton regeneration and charact#sizadf chitinase (Chi Il) gene expression against
two different fungal pathogens in cottoApproach: Transgenic cottonGossypium hirsutum cv.
SVPR2) plants were produced by pCambia®hr Il (13.8 kb) under the control of the CaMV 35S
promoter, harbored in the strain LBA 4484robacterium tumefaciens by using shoot tip explants.
Results: Finally, from the 10 experiments, 21.8% of tramsfation frequency was recorded.
Segregation ratio of 3:1 was recorded in theplBnt seeds. Polymerase chain reaction and saouther
blotting analysis were used to confirm the inteigrabf Chi Il transgene in theglplants genome of
putative transgenics. Quantitiave and qualitati®®$-PAGE) analyses were also carried out to
confirm the expression of chitinase enzyme gplants. Further, randomly selected transgenictplan
(To) were analyzed for disease tolerance by evaluatiagn with spores dfusarium oxysporum and
Alternaria macrospora. All the selected PCR positive plants showed eobdndisease resistance
againstFusarium wilt. The plants selected randomly showed an ecd@usurvival rate compared with
the control when they were grown in earthen patsutated with ¥10° spores 100 g of soil mixture.
Another four randomly selected plantlets were spdawith spores oflternaria macrospora in order

to test their tolerance to Alternaria leaf spoedse. After 20 days of culture, the number of lesiger
leaf and the lesion length per leaf spot in nongferred leaves increased. In the case of transgeni
plantlets, lesion formation was completely absedbnclusion: The disease resistance against
Fusarium wilt and Alternaria leaf spot in cotton strains would serve as goaskthing materials for
producing fungal disease resistant cotton varieties

Key words: Cotton, transformation, shoots tip culture, phospttiricin, chitinase gendsusarium
wilt, alternaria leaf spot, disease resistance

INTRODUCTION by USA (23) and China (2098) Unfortunately, in the
production rate, India ranks third. This is duethe

Cotton Gossypium hirsutum L.) has been non-availability of genetically modified superior
estimated that 180 million people depend on cottorgenotypes with desired traits. In Indian varietids
fiber production. Apart from the fiber production, yield of cotton was significantly affected by sealer
cotton cultivation was also used for the productidn biotic and abiotic factors, particularly by insqmsts
gossypol due to its wide range of biological projgsr and fungal pathogens. However, the chemical coofrol
including anti-cancer, antimicrobial, anti-HIV, &nt pests and diseases has not always been effective,
oxidative and male contraceptive activittsAmong  resulting in crop failure or heavy reduction inIgieln
the cotton producing countries, India ranks firat i the cotton market, before 1996, a 29% loss in ol t
cultivation, with 32 of the world's total area fmifed income was accounted for by these insect pests and
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diseases per year. After the introduction of Bttammt investigation, we targeted to produce the cotton
the yield loss caused by insect pests was significa plantlets with chitinase gene throudtgrobacterium-
controlled®. In India also Bt cotton is being field tested mediated transformation protocol by using shoot tip

for insect pest control. culture technique.
Apart from the insect pests, the fungal pathogens
cause an 8-12% loss in the annual total yield. The MATERIALSAND METHODS

fungal diseases likd=usarium wilt (F. oxysporum),
Verticillium wilt (Verticillium dahliae) and Alternaria  Plant regeneration protocol: Plant regeneration was
leaf spot Alternaria macrospora) of cotton, causes achieved by our earlier method by using shoot tip
wilt and lesions on whole p|a[ﬂt Hence, heavy loss culturé*?. In this protocol, the influence of different
in the yield of fiber is regularly observed. Whilee ~ forms of cytokinins, auxins and polyamines wereegs
insect resistant transgenic cotton has made a grelar mass multiplication and regeneration of cottom.
impact on cotton cultivation around the world, fahg the above protocol, media fortified with MS salBh
disease resistant transgenic cotton has not reableed vitamins; 30 g %, glucose; 2.0, 2iP; 2.0, IAA 20 mg'L
world market yet. The above concerns have led tgutrescine and 0.7% agar showed a superior response
genetic engineering of cotton for improved fungalfor multiple shoot induction from shoot tip explant
resistance. Elongation of shoots was achieved on multiple shoot
In the present investigation, we planned to use ri induction medium itself. Significant numbers of t®o
chitinase gene for the fungal resistant cotton petidn.  were initiated in the medium supplemented with MS
Among various fungal resistant genes, chitinaseegen salts, vitamin B5, IBA (2.0) and PVP (10 mg'L
are potentially most promising as the enzymes diegra These plantlets were hardened by using sand, sdil a
the substrate chitin found in the fungal cell whlence, vermiculate in 1:1:1 ratio. The hardened plantsewer
genetic engineering of plants with chitinase gese itransferred to the environmental growth chamber for
attractive for fungal disease control mechanismmegd  proper acclimatization. The hardened plants weea th
reviews and research articles have also stressed tlransferred to field for boll yielding and they éxted
advantages of using chitinases for plant protectiord5% survival rate.
because these enzymes are fungicidal and parteof th
plant defense system and not harmful to pRnts Transformation experiments:
Various protocols have been explored for thePre-culture of explants: Pre-culture is an important
transformation of cotton such as meristemstep involved in  Agrobacterium-mediated
transformatiol!,  particle  bombardme®t and transformation. The process of pre-incubation makes
Agrobacterium-mediated transformati6h Of these the explant tissue competent enough to withstaed th
methods, only the Agrobacterium-mediated and bacterial infection and other related stress caused
microprojectile bombardment methods are routinelyduring the preculture perioth vitro. The shoot tip
used in cotton transformation studiegAgrobacterium- explants were pre-cultured on the multiple shoot
mediated transformationia somatic embryogenesis has induction medium, for 1-6 days prior to selectiontbe
been the most common method for transgenic cottoRhosphinothricin  (PPT) containing medium. The
development. It is a multi-step process involviagdr-  sensitivity of the shoot tip explants to PPT was
intensive work over a 10-12 month period startimyf ~ determined by culturing the explants in multipleosh
co-cultivation of Agrobacterium culture with explants induction medium along with PPT at different
followed by production and maintenance of hundigfds concentrations (1-10 mg).
calli derived from independent transformation esent
induction of somatic embryos and development ofAgrobacterium strain and plasmid: Construct
somatic embryos into normal plantl®s In this pCambia-baiChi Il (13.8 kb) harbored in strain LBA
procedure, the transformation efficiencies are gdlye 4404 of Agrobacterium tumefaciens was used (Fig. 1).
low due to the low frequency of embryogenesis dred t Selectable markers were the phosphinothricin acetyl
difficulty in germination of transformed embryd§ transferase gene (bar) and the hygromycin
Compared with somatic embryogenesis, the shoot tiphosphotransferase (hpt). Both selectable marker
mediated regeneration techniques are easy and legenes were driven by the cauliflower mosaic virus
time-consuming procesd. In recent years, there has (CaMV) 35S promoter. The chitinase gene, Qi
been increasing focus on the use of meristems and.l kb), was controlled by the maize ubiquitinubig)
shoot axes as the source of tissue explants fqsromoter (2.0 kb). The ubi-chill fragment (3.1 kb)
transgenic cotton productiBh*®. Hence, in the present was released by digesting the construct with Hihd
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chambéf?. These plantlets were selected for further

BST X1 (13506) EcoRI (1) Sal 1 (580)

""-‘““"“‘___‘. < | "ﬂ_ﬁ""z‘f}-?/ [ characterization of transgene expression.
- Hind 1N (1657) Analysis of Ty plants: To test the functional expression
Camvass poiya A of the Chi Il gene in the {Tprogeny, a germination test

T-Border (Left)__

Chi 11 Chitinase was performed. Twenty to thirty (T seeds were
collected from self-pollinated transgenic lines)(BRs

~Bam H12774 well as non-transgenic plants (controly, §eeds were
germinated on MS basal medium supplemented with

Ubiquitin 5.0 mg |__1 PPT.

Kanamycin m:‘ pCAMBAR. Chi 11

(
\ 13748 bp
\

\\ R PCR amplification of transgene: The total DNA was
mu_,_,_/hflf.m\.r_m"mium extracted from leaves of cotton plant WITH CTAB
SPREEED (cetyl trimethyl ammonium bromide). The isolated

Fig. 1: Diagrammatic representation of complete wiap Precipitate form of nucleic acid contains both DNA
pCAMBIA Bar = Ubi-Chi 11 transforming @and RNA. The RNA was removed by RNAse solution

vector used in this study for fungal disease(0.2 mg mL?) at room temperature for 15 min. DNA
resistant cotton production was further purified with phenol/chloroform extriact
and ethanol precipitation methods. The total DNAswa
The remaining part of the construct was 10.7 kbize.  isolated fromA. tumefaciens and estimated by using
After 6 h, the cultures were collected and used forcalf thymus DNA as a standard. The plasmid DNA
transformation experiments. samples were digested witind 111 for 2-4 h and the
o _ plant genomic DNA samples were digested for 8-10 h:
Co-cultivation and selection of stabletransformants:  pouple digestions were carried out by second digest
The Agrobacterium strains were cultured in LB after the contents of the first reaction were eted
medium (contains 10 Bacto Tryptone, Bacto, 5 Yeasfyith neutral phenol/chloroform water saturated ethe
extract and 10 g L NaCl). Twenty mL of LB medium and precipitated with ethanol. DNA isolated from
plus antibiotics (50 kanamycin and 50 mg'L young leaves of putative transgenic plants was fmed
cefotaxime for strain LBA 4404) was inoculated with the PCR analysis. The DNA samples were testechéor t
Agrobacterium and incubated in a 100 mL Erlenmeyer presence of the T-DNA region using a pair of chi Il
flask overnight (about 8 h) on a shaker set for B0 specific primers (F) 5N-
220 rpm at 28°C. Then 2 mL of the overnight cultureGCTTCTACACCTACGACGCCTT-3N, (R) 5N-
was withdrawn and used to inoculate 50 mL of LBGTAGCGCTTGTAGAACCCGATC-3NO to yield a
medium without antibiotics. After incubation for&4h  584-bp fragment to amplify the 584- bp nptll
at 28°C with shaking, those cultures were dilutethw fragments. DNA was amplified in a Eppendorf PCR
additional LB medium to a concentration (OD600 1.0)System, programmed for a first denaturation step o
for transformation. Shoot apices were inoculated by min at 94°C followed by 45 cycles of 94°C for
placing one drop oAgrobacterium solution onto each 1 min, 35°C for 1 min and 72°C for 2 min. After the
shoot apex in co-culture medium and incubating atompletion of 45 cycles, a final extension at 72(&s
28°C under dark conditions for 1-6 days. After co-carried out for 5 min. The completed reactions were
cultivation, explants were washed three times withthen held at 4°C until electrophoresis was doneR PC
sterile distilled water. Cleaned apices were btbley  products were separated by loading 12 of sample an
using a sterile paper towel and cultured on thecsi®in 2 L of loading buffer on a 1.2% agarose gel prepared
medium consisting of 1-6 mg'LPPT. Shoot apices not with 1.0X TBE buffer. Electrophoresis was preformed

inoculated with Agrobacterium were plated on the at 4-8 v cm in 1xTBE or buffer and upon completion
selection medium as a negative control. The custuregf the run: DNA in the gel was stained with ethidiu

were incubated at a temperature of 28°C under am 18pomide (0.5 Jg ml) and viewed under UV
photoperiod and sub-cultured every week. The pecegppQuest-BioRad).

was repeated until controls (not co-cultivated with

Agrobacterium) were died. The surviving shoot apices DNA blot analysiss DNA was extracted as described
were transferred to an MS medium without PPT td rooearlier and polysaccharides were removed with 2 M
the plantlets. Rooted plants were then transfawembil ~ NaCl and ethanol. The DNA was digested with Hindlll
and grown to maturity in an environmental growthand electrophoresed on a 0.7% agaros&°geDNA
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fragments were transferred to a nylon membranélternaria leaf spot bioassay: Plantlets regenerated
(Hybond-N+, Boehringer, Laval, Quebec, Canada) andhrough normal tissue culture conditions were getbc
hybridized with a digoxigenin-labeled ub{lhill as control. The resistance of selected and regeukera
fragment to detect presence of the Chiddne. The control plants toA. macrospora was assessed by
remainder of the construct (pCambia-bar-chillprafte  spraying of spores §10° spores m[*) on leaves and
release of ubiChill, was labeled witl to hybridize maintained under green house conditions without
with the other part of the DNA sequence in T-DNA. disturbancg®. During maintenance, each plantlet was
covered with a polythene bag without touching the
Quantitative and qualitative measurements of leaves. These plants were incubated under normal
chitinase: Total proteins were isolated from the young green house condition. For every 12 h, pathogepecit
leaves of 30-day-old putative transgenic and controof A. macrospora was recorded by measuring the lesion
plant$?® and stored at-20°C until use. Analysis byarea and numbers. After a week, variations in tesio
SDS-PAGE was carried out by using 1 mm thicknumber and size were carefully measured.
macro gels. Ten micrograms of total proteins were
loaded and electrophoresed for approximately 2 h agtatistical analysis of data: Means and standard errors
150 V. The gels were then stained with colloidalwere used in presenting the data here and the svalue
Coomassie blue (Himedia India Ltd, Mumbai, India)were assessed by using a parametric Moods median
and photographed using a Kodak digital cafi8ra tesP®. The data were analyzed for variance by
Quantitative analysis of chitinase was determingd b Duncan's Multiple Range Test (DMRT) using the SAS
the leaf specific methdd. In this method, 500 mg of program (SAS Institute, Cary, NC).
young leaves (30-day-old plants) of each selected
plantlets were homogenized on 0.02 M citric acia40. RESULTSAND DISCUSSION
M sodium phosphate buffer (pH 6.8) and centrifuged
at 15,000 rpm for 15 min. For the chitinase remtti  Factorsanalyzed for high efficiency transfor mation:
2 mL of 0.05 M citric acid/0.1 M sodium phosphate Pre-culture of explants: The transformation efficiency
buffer (pH 6.8) containing 20 mg of carboxymethyl can be increased by manipulating either by theaatpl
chitin (Himedia India Ltd, Mumbai, India) was mixed and/or by the bacterium to enhance virulence. Such
with 1 mL of the crude enzyme solution, incubatéthw manipulations are based on either increasing the
shaking at 37°C for 1 h and the reaction stoppethby number of competent plant cells for transformatiyn
addition of 1 mL of trichloroacetic acid. After pre-culturing explants or improving the inducticintioe
centrifugation at 15,000 rpm for 10 min, the vir genes by using pre-culture of expldfits Hence
concentration of reducing sugars in the supernatast pre-culture of explants must be examined to improve
measured by the Schales method. One unit was definghe transformation frequency. During transformation
as the amount of chitinase which producgsmioL of  pre-culture of explants on shoot multiplication and

reducing sugars as N-acetyl- D-glycosamine fin regeneration medium prior to co-cultivation was
considered as one of the essential processes.idn th
Bioassay for fungal diseaseresistance; experiment, pre-culture of explants in the regetiana

Test for Fusarium resistance: Macrospores of medium for 3 days was found to be good for high
Fusarium oxysporum were produced by culturing the percentage of response (72.4%). Whereas, the dgplan
fungus, on Czapek yeast extract agar medium. Aftewhich are not pre-cultured, showed only a 24%
14 days of growth, macrospores were harvested bgesponse (Fig. 2a).
washing the culture surface with 10-20 mL of distll
water per petri dish using a pressurized hand spray The impact of selection agent: The use of proper type
The suspension of spores and mycelial fragments wasnd concentration of a selection agent in the ielec
filtered through one layer of cheesecloth and sporgnedium is essential to enhance transformation
concentrations adjusted to<1l0° spores mL[*. Thirty-  frequency, in which the selection agent that allowky
day-old fully regenerated plants with tertiary io@tere  transformed cells or plants to survive. PPT hasnbee
hardened in the earthen pots containing soil méxeurd  extensively used as a selective antibiotic in
fungal spores (4105 spores/100 g of soil mixtufé).  transformation experiments, mainly because several
Each plantlet was covered with the plastic bags tglant transformation vectors include baene as
prevent inadvertent spore dispersal. Fusarium wilt selectable marker. Initially the explants were pthon
of the plants was identified by yellowing of leavassd ~ shoot tip multiplication medium, which contained
vascular browning. different concentrations of PPT (1-6 mgL The
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cultures, which are not supplemented with any selec
agents, were considered as controls. Our results
obtained showed that increased concentrations @f PP
led to a gradual decline in the shoot regeneration
frequency. The lowest frequency of shoot regenamati
was noticed on 4 mgLof PPT (4.8%). In 5 mg T of

Percentage of response
IS
o

PPT treatment, absence of shoot formation and epla 1

growth was noticed. Hence, 5 mg*lof PPT treatment 0 1 2 3 4 5 6
was considered for selection procedures. Thegbae No. of days of preculture
encodes Phosphinothricin Acetyl Transferase (PAT) ()

that detoxifies PPT by catalyzing the addition of a
acetyl group to the free amino group. The efficaty
PPT as a selection marker and lzr a resistance
mechanism has resulted in Haging widely exploited

in the construction and selection of transgeninfpla
lines. Similar to our observations, bgene, which
provides resistance to herbicide PPT, has been used
successfully as a selectable marker in severat§fian
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Cocultivation duration (days)

Effect of co-cultivation conditions. Transformation (b)

efficiency of any explants can be enhanced by co-
cultivation on shoot regeneration medium at diffiere
period (0-6 days). Among them, 3 days co-cultivated
shoot tip explants produced significantly higheteraf
transformation (60.1%) when compared with 0 days
and 6 days of co-cultivation. The explant viabihtyas
affected after 3 days co-cultivation period (Fid).2
Influence of co-cultivation period oAgrobacterium-
mediated transformation has also been reported in a Bacterial concentration (OD)

number of plant specié¥. Similar to our results, in ©)

these studies co-cultivation of explants for 2-3/da

generally provided the best transformation freqyenc Fig. 2: The effect of pre-culture days (a): Co-aret
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However, prolonged co-cultivation periods of 6-#sla duration; (b): And bacterial concentration; (c):
increased transformation efficiency in ffixand a On growth response and transformation
5 day co-cultivation was the most effective fomsint frequency of shoot tip explants

GUS expression in citrange pldfits The effectiveness

of prolonged co-cultivation in some plant speciéghth  temperature and period influence the gene transfer
be due to the increased number of induced bacterigfficiency from Agrobacterium to plant cells and the
attaching to plant cells and/or the increased nurobe above external factors play a critical role in T-BN
plant cells competent forAgrobacterium-mediated transfer mechanism in particularly virgene
transformatiok”. During co-cultivation, we also activatior®!.

evaluated the effect of different concentrations of

bacterial concentration (0.75-1.3 OD cultures) onSelection and characterization of transformants:
transformation  frequency. From the different The shoot apices were  co-cultivated  with
concentrations, 1.0 OD culture showed a superioA. tumefaciens LBA4404 for 3 days. After co-
response (70.2%) and unfortunately above 1.1 ODeultivation, the shoot apices were transferred Hoos
culture showed a decline in the percentage of respo bud regeneration medium with 5 mg*LPPT. Under
and the explants turned to necrotic and devoichobs PPT selection (bamgene), the most of the shoots
regeneration due to excessive growth of the bacteriappeared to be bleached and some of the shoots that
(Fig. 2c). Although cotton transformation rates énav were initially green and bleached out graduallgyviag
been significantly improved, increasing its effitig¢ on  only a few green shoots. After 2 weeks, these green
plant recovery is still needéd. Many factors such as shoot apices were transferred to fresh mediavierye
plant genotype, explants type, pH, co-cultivatioedra, 2 weeks (Fig. 3a and b). In the PPT supplementetiane
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Table 1: Transformation efficiency of regeneratéghplets on shoot
tip regeneration medium fortified with selection rkex
(PPT5mg Y

Total Number of ~ Total number of plantlets

explants tested showing resistant to Transfoonati
Sample (10 experiments) selection marker efficiency
Non- 25 0 0
transformed
Transformed 3985.72 842.37 21.4075

Table 2: Segregation analysis in progeny of the mary
transformants (J) of the three cotton varieties as assessed
by the PPT sensitivity test (5.0 mg'L

Growth ratio on
selection media

No. of No. of seeds Death of (transformed/
Sample seeds seeds tested germinated seedling$ransformed)
Non-transformed 24 0 0 0
SVPR2-Chi-1 26 20 6 3.3:1
SVPR2-Chi-15 21 16 5 3.2:11
SVPR2-Chi-31 16 12 4 31
SVPR2-Chi-45 20 15 5 31
SVPR2-Chi-62 28 21 7 31

Fig. 3: Different developmental stages of transgeni

cotton through shoot tip-mediated  direct g transformed shoots grew up to 7-8 mg af PPT
regeneration; (a): Rooted transgenic shootgieatment and further increase led to shoot death
containing the secondary and tertiary rOOtS'(Table 1). Finally, 84 plantlets were germinatedtioa
Bar = 2.5 X; (b): Hardened transgenic plantlet selection medium. These lines (SVPR2-Chi-1, SVPR2-
grown in plastic pot. Bar = 5 cm; (c): One Chi -2, -3-SVPR2-Chi-84) were used for further
month old well developed transformed plantletsanalyses. Transformants had similar morphological
established in earthen pots. Bar = 15 cmiharacteristics to non-transformants, except that
(d): Two months old transformed plantlets. SypR2-Chi-24, -42 and -59 had somewhat smaller
Bar = 20 cm; (e): Transgenic plantlet with phenotypes.

flowers and bolls. Bar = 20 cm

declines trend was recorded for multiple shootAnalysis of Toprogeny: Seeds obtained fromoTwere
induction percentage’ when Compared with ControgerminatEd to raise thel'blants and these were tested
cultures (Fig. 3c). After 10 weeks of selection, for the presence of the Chi Il gene. The inheriéaat
surviving shoots were transferred to MS media witho the introduced genes in the @eneration in the variety
PPT to induce rooting (Fig. 3d). Rooted plantleeyev  was studied usinin vitro seed germination test on seed
first transferred to plastic pots and grown in angermination media containing 5 mg‘LPPT. The
environmental growth chamber (Fig. 3e-h). untransformed plant seeds showed nil response for
During  selection procedure, 10 independenigermination on selection media. For the transformed
experiments were carried out. After the completdn  |ines tested: SVPR2-Chi-1, SVPR2-Chi- 15, SVPR2-
transformation procedure, the plantlets harvegtetthé Chi-31, SVPR2-Chi-45 and SVPR2-Chi-62, the ratio of
PPT containing selection media were considered ag,gjgtant to non-resistant plants was equal orectos
putative transgenic plants. _The mo_rphologlcal feeu 3:1 (Table 2). The presence of transgene was furthe
of the transgenic plants did not differ from thoske h . . e
non-transgenic plants. After root induction, in the conﬁrm_ed in the T generation by PCR -ampllflcafuon.
experiments the transformation efficiency was 21.4%!N Prévious reports on progeny analysis of transgen
cotton, a segregation ratio of 3:1 was reported.

In contrast, for the 25 shoot apices not treateth wi ] s ' .
Agrobacterium, died on PPT selection (5 mgy. The This ratio was expected for a single gene trdie T

Agrobacterium strain used had a major effect on 9ene was the CrylA (b) gene frdBacillus thuringiensis
transformation efficiency of cotton. It was fourisat ~ (Bt) for insect resistance, regulated by the CaVB853
the use of strain LBA4404 yielded a higher degrée opromoter. Like our experiments, the; Tprogeny
transformation efficiency in cotton. This is in agment expressed the Bt gene as a single dominant Memndelia
with the previous report on cotton transformdtfon  trait in 3:1 ratié®.
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independent transformants of cotton and non-
transformed control plant. Agarose gel
electrophoresis of PCR amplification was
performed with primers for the Chi Il gene;
(Lane a): Molecular size marker (Lanes b-h):
DNA from transformed plants showing the

”

® « NI

o« NT

“ ¢ SVPR2-Chi-
B ¢ SVPR2-Chi-31
® ¢ SVPR2-Chi-45
= ¢ SVPR2-Chi-6

b- R« 05sbp

Fig. 4: PCR analysis of DNA isolated from leaves ofFig- 5: Southern blot analysis of DNA isolated from

leaves of untransformed control and
independent transformants; (Lane a and b):
Total genomic DNA of non-transformed plants
(Lane c-f): DNA from transformed plants
showing 0.58 KbX-DNA digested with HindllI
and probed with 0.58 Kb Chi II)

expected 584 bp; (Lane i): Positive control
(DNA from plasmid DNA of A. tumefaciens);
Lane (j): DNA from untransformed plant

In the Hind Il digestion, a positive band was observed
in all the lines as expected. This result also icowd
the PCR results and indicated the integration ef Th
DNA region in the transgenic plants of §enome. No
variation in number of copies of the chi Il geneswa
observed between the transgenic plants examined. In
his study, a significant number of cotton plants
arrying the chitinase (Chiltene have been produced

. ) using theAgrobacterium transformation system. These
the Chi II. The presence of a band at 584 bp irpten results represent a convincing confirmation of

from transformed plants confirmed the integratidn o Agrobacterium-mediated transformation of cotton and

the chitinase gene (Fig. 4 Lanes b-h). Amplificataf : . .
this fragment (584 bp) was not observed in ncm_showed the potential reproducible protocol for giene

. ) ! engineering of Indian cotton. The frequencies of
trgnsformed (_:on_trol plants - (Fig. 4 Lane j). Thesetransformation obtained in this study seem to baeakq
observations indicated that the Chi Il gene hadnbeeOr slightly higher than other systems of transfctiars
integrated into the genome o_f the transforme_d shobt although genotypic differences were obseftVed
To progeny thereby confirming transformation. Some
reports proved that the shoot tip/meristem
transformation protocols, albeit genotype-indepatde
are extremely laborious and generate a high fregguen
of chimera8%%* Our experiments on PCR analysis
proved that chimera formation significantly reduced
and the randomly selected 6 plantlets showed PC
positive results. J support our PCR experiments, low
percentage of chimera formation was noticed bygisin
shoot tip explant&’.

Confirmation of transformants:

PCR analysis. Leaf DNA isolated from 7 randomly

selected putative gIplants (SVPR2-Chi-1, SVPR2-Chi-
15, SVPR2-Chi-31, SVPR2-Chi-45, SVPR2-Chi-62,
SVPR2-Chi-69 and SVPRChi-80) and non-transforme
control plants were analyzed for PCR amplificata@n

Expression of chitinase: Qualitative and quantitative
analysis were also performed for chitinase gene
expression. Differences in extracellular proteiofie
between the transformed and non-transformed control
as observed on SDS-PAGE gels at 36 kDa levels
ig. 6). In the selected two lines SVPR2-Chi-1 and
SVPR2-Chi-69 over expression of 36 kDa was recorded
and it was due to the integration of Chill in cetto
genome (Fig. 6 Lanes ¢ and d). In the case of abntr

Southern blot analysis: The southern hybridization Non-transformed plantlets very low level of 36 kDa
was done by using restricted DNA and probed withProtein was observed (Fig. 6 Lanes a and b). Based
0.58 kb Chi Il gene and results showed the presefice SDS-PAGE experiments, quantitative analysis showed
chi Il gene in the Tplants (SVPR2-Chi-1, SVPR2-Chi- an 18-21-fold increase in chitinase enzyme actiuity
31, SVPR2-Chi-45 and SVPR2-Chi-62) (Fig. 5: Lanesthe transformed lines (SVPR2-Chi-1, SVPR2-Chi-15,
c-f). The Chi Il gene was not detectable in the -non SVPR2-Chi-31, SVPR2-Chi-45, SVPR2-Chi-62 and
transformed plants (control) (Fig.5Lane abhd SVPR2- Chi-69). Inall the selected transformeedi
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= z Table 4: Survival rate of PCR positive plantletsl @ontrol plants on
= = earthen pots inoculated wittx50° spores mL* of Fusarium
g 2 oxysporum
. _ & & No. of days Survival rate of; Plantlets
z Z @ s after inoculation
4 v v v of spores C(25) Ci(25) PCR positive plantlets (6)
2 S . Z 252 25a 6a
8 23b 12b 6a
12 23b 2c 6a
16 23b 0 6a
e 20 23b 0 6a
5 40 23b 0 6a
— — -- e C: Non-transformed plantlets without spore inodalgt Ci: Control
plantlets inoculated with macroconidia; Means withd column
B3 followed by the same letters are not significanp at 0.05 according
e mmEn e ’ to DMRT

Fig. 6: Variations in the extracellular leaf proigiof o o _
30-day-o|d plants by SDS-PAGE on transformedTable 5: Variations in lesion size and number arilew area of

d t f d it lantlets. Th | transformed and non-transformed plants sprayed with
and non-transtormed coton plantiets. € gels Alternaria macrospora sporeg5x10° spores 10 mL)

were stained with coomassie blue; (Lanes a and Leat spots /leat Lesion length (mm)
b): Leaf protein profile of control plants; Nf(s. ofdayT
. i i after inoculation PCR positive PCR positive
S_;nsefgrrﬁedazgttodr?. lLeaf protem_ proﬁle Ofdof spores Ci(Nt)p plantlets Ci(Nt)p Plantlets
" _p_antlets showing expecte 4 8.5:0.96e 0 2.20.21c 0
36 kDa chitinase activity 8 25.81.85d 0 5.40.18b 0
12 27.22.5¢ 0 5.80.29b 0
Table 3: Analysis of chitinase activity in 30-dalg-oleaves of 16 32.82.4b 0 5.80.32b 0
transformed lines of cotton 20 34.93.12a 0 5.80.10a 0
Sample Glu NAc* (mU ¢ fresh weight) Ci: Control plantlets inoculated with macroconidiat: Non-
Non-transformed £1.2 transformed Values are meafisSE of four repeated experiments;
SVPR2-Chi-1 1354.2 Means within a column followed by the same letter® not
SVPR2-Chi-15 1353.8 significant at p = 0.05 according to DMRT
SVPR2-Chi-31 1254.0
SVPR2-Chi-45 1485.1 SVPR2-Chi-62 and SVPR2-Chi-69). These plants were
SVPR2-Chi-62 14654 finally selected asFusarium wilt tolerant plants.

*: N-Acetyl-D-glucosamine, values are meanSE of four repeated  Consistent with the above results, vascular brognin
experiments was observed only in control cultures inoculatethwi

enhanced expression of chitinase was observedPOres ofF. oxysporum. At the same time vascular
(Table 3). Enhanced expression of chitinases intpla Prowning was completely absent in the transformed

is commonly observed under the stressed conditisns Plants. The regenerated control plantlets showed 95
well as in pathogen infection. These plant chitisas survival rate under normal environmental conditions

All the selected disease tolerant plants showedlequ

degrade chitin in fungal cell walls and can inhithie g > :
regeneration potential when compared with controls.

infectious fungal growtfi!. Extracellular chitinases
may directly block the growth of the hyphae invagin
intercellular spaces and possibly release fungeitais,  Alternation leaf spot assay: Randomly selected two
which then induce additional chitinase biosynthesid PCR positive plantlets (50 days old) (SVPR2-Chiatl a
further defense reactions in the S5t SVPR2-Chi-69) showing resistance Fusarium wilt
were also analyzed foklternaria leaf spot resistance.
Bio-assay for disease resistance in transformed  The control and PCR positive plantlets were sprayed
plantlets: with Alternaria spores. All the 10 control plants
Analysis for Fusarium wilt resistance: For Fusarium  showed signs of susceptibility; they developedrgda
wilt resistance analysis, the survival percentage onumber of lesions with greater size compared to the
control (non-transformed plantlets) was signifitant transformed plantlets. However, selected transfdrme
affected by the inoculation dfusarium macrospores plantlets showed 100% disease resistance for up to
(1x105 spores/100 g of soil mixture) during hardening30 days. In the non-transformed plantlets, theolesi
(Table 4). All the 7 PCR positive plants showeditiiga number and length increased to 34.9 and 5.8,
regeneration in fungal spore inoculated soil (SVPR2respectively after 20 days of inoculation (Table ®)e
Chi-1, SVPR2-Chi-15, SVPR2-Chi-31, SVPR2-Chi-45, bioassay of the PCR and Southern-positive plants
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with Fusarium oxysporum and Alternaria macrospora  activity against  Aspergillus flavus and
showed that the infection level was significantly Verticillium dahliae®®. The expression of 14-kDa Corn
controlled in transgenic progenies having a highetrypsin inhibitor gene was also showed resistdoce
expression of PR-proteins than in the non-transgeniA. flawus*”. Similar to the above attempt, transgenic
control plants, indicating enhanced resistance ta@otton plants harboringalaromyces flavus GO gene
Fusarium wilt and Alternaria leaf spot diseases. results notable resistance against root pathogen
Usually, in the transformed plants, variations isedse  Verticillium dahliad™.
resistant among individual ;Tplants were recorded. Similar to our observations, the enhanced
This is most probably due to different amounts ofresistance against fungal pathogens was obtainet wh
chitinase production. Our experiments showed thathe plants were engineered with chitinase geneallin
there is not significant variation in disease fesise the economically important plants, the vyield was
among the Tplants obtained. directly affected by the fungal pathogEHs Mostly
The rapid development of transgenic cottonchitinases causes hyphal tips lyse vitro. Some
production technology not only provides a valuablechitinases are having isozymal activities and can
method for introducing useful genes into cotton tohydrolyze the peptides in bacterial cell wall, wdees
improve important agronomic traits, but also heilps others have exohydrolytic activit§. Rice was the first
the evaluation of mechanism, function and regutatib  plant species transformed with chitinase gene, (Ghi
gene(s). The present investigation was aimed t@\ chitinase gene isolated form rice genomic librans
standardize the simple and reproducible protocol irplaced under the control of CaMV 35S promoter @ ri
transgenic cotton regeneration for fungal diseasgrotoplasts under PEG-mediated transformé&tion
tolerance. In this study, a large number of cotitamts  They identified one to six copies of chitinase sgene
carrying the rice chitinas€Chill) gene have been in rice plant through Southern blot analysis. Teeel
produced using theAgrobacterium transformation of expression varied over 15-fold range between the
system. These results represent a convincingach selected individual transgenic plants. Exprass
confirmation of Agrobacterium-mediated  of the chitinase was observed in almost all the pér
transformation of cotton and show the potentiathid  transgenic plants (root, sheath and leaves). Sesena
technique for genetic engineering of Indian cotfbhe  plants were also transformed with chitinase gere fo
frequencies of transformation obtained in this gtud improved disease tolerance. For example, transgenic
seem to be equal to other systems of transformatiooucumber plants with Chi-ll gene showed enhanced
(protoplast and biolistic) used to obtain transgeni disease resistance against gray M8ldn strawberries
cotton, although genotypic differences must bealso increased resistance to tBghaerotheca humuli
considerelfl. Selection markers mediated inheritancewas observetf. Similarly, 13-43% reduction in the
studies on T progeny showed that the chitinagene is  development of block spots in transgenic rose plant
transmitted to the i progeny, demonstrating stable was observed by basic class | chitinase G&na very
incorporation of T-DNA into the cotton nuclear DNA few transgenic plant species expressing chitinhage
and the 3:1 segregation ratio suggested that tiieade  been evaluated in field trails and it was provedt th
gene was integrated at a single locus. Previotisige  disease incidence was reduéddOn the other hand,
reports were published on transgenic cotton withsome reports showed that transgenic plants over
chitinase gene. Those studies, they used tobacaxpressing chitinase do not have resistance to some
chitinas€®: Fungal chitinase ofrichoderma virens®”?  fungal diseases. For example, transgenic tobacco
and bean chitinaS to control the fungal pathogens (Nicotiana sylvestris) containing a tobacco class |
Verticillium dahliae, Rhizoctonia solani, chitinase gene does not have increased resistance t
Alternaria macrospora andA. alternate respectivel(®. Cercospora nicotianae, although it has increased
These reports are relevant to American and Turkeghitinase enzyme activif§). Transgenic tobacco
cotton varieties due to genotype dependent responsgNicotiana benthamiana) harboring a class Il chitinase
Unfortunately, in Indian varieties no reports werefrom sugar beet also did not have increased resista
published for transgenic cotton production for fahg againstCercospora beticola™®”. The resistance in these
disease tolerance. Hence, the present study dmansformants most likely depends on several factor
production of transgenic cotton with chitinase géne including the catalytic specificity or localizatioof
important. In cotton, like chitinase gene transfation, chitinase and the characteristic state or infection
different antifungal genes were also transferred fobehavior of the fungi. Advances in regeneration and
fungal disease tolerance. Transgenic cotton exjpigess transformation protocols have led to the successful
the chloroperoxide or D4E1 genes showed antifungatlevelopment of transgenic cotton with improved
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agronomic characters. There are several typesngfafu
resistance genes that were used for disease resstd
plant$*®4%
of the best fungal resistant genes.

CONCLUSION

In our studies,
improvement in the percentage of plant regenerdtion

transformed plants and recovery of transgenic plant
Limitations

resistant to two fungal pathogens.

we obtained a significant

6.

Among them chitinase was proved as one

associated with somatic embryogenesis protocol mak8.

the present protocol more suitable for
development of transgenics in recalcitrant systiée-|

cotton and the method will be useful for genetic

engineering of cotton for various agronomical #ait
including fungal resistance.
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