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Abstract: The phytochrome B (PHYB) gene of Arabidopsis thaliana was introduced into cotton through Agrobacte-
rium tumefaciens. Integration and expression of PHYB gene in cotton plants were confirmed by molecular evidence.
Messenger RNA (MRNA) expression in one of the transgenic lines, QCC11, was much higher than those of control and
other transgenic lines. Transgenic cotton plants showed more than a two-fold increase in photosynthetic rate and more
than a four-fold increase in transpiration rate and stomatal conductance. The increase in photosynthetic rate led to a
46% increase in relative growth rate and an 18% increase in net assimilation rate. Data recorded up to two generations,
both in the greenhouse and in the field, revealed that overexpression of Arabidopsis thaliana PHYB gene in transgenic
cotton plants resulted in an increase in the production of cotton by improving the cotton plant growth, with 35% more
yield. Moreover, the presence of the Arabidopsis thaliana PHYB gene caused pleiotropic effects like semi-dwarfism,

decrease in apical dominance, and increase in boll size.
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1 Introduction

Phytochromes were first discovered in the 1950s,
when it was found that a brief pulse with red light
results in initiation of seed germination in dark, and
causes de-etiolation, inhibition of leaf elongation and
regulation of flowering, extended growth of hypo-
cotyls and stems, and entrainment of circadian clock
(Kendrick and Kronenberg, 1994; Guo et al., 1998;
Somers et al., 1998). Phytochrome B (PHYB) protein
has different domains that act differently to show their
roles, which in turn depend on conditions of light as
well as on the specific responses of physiology
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(Usami et al., 2007). The unique feature of phyto-
chromes among photoreceptors is their capacity to
interconvert between a red light absorbing form of
phytochrome, i.e., Pr (absorption maximum of 660 nm)
and a far-red light absorbing form of phytochrome,
i.e., Pfr (absorption maximum of 730 nm). The
presence of phytochromes provides plants with a
superior system for detecting their positions relative
to other plants (Mathews, 2006). Modulation from
vegetative growth to reproductive growth, estab-
lishment of the seedling, and switching of the cir-
cadian clock are controlled by phytochrome. Chen et
al. (2004) have determined the molecular charac-
terizations and light-regulated subcellular localiza-
tions of photoreceptors in plants. Thiele et al. (1999)
determined the semi-dwarfism, decrease in apical
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dominance, smaller but a higher number of thicker
leaves, and increase in pigmentation in PHYB over-
expressing potato plants. Schittenhelm et al. (2004)
determined enhanced photosynthesis in DARAS
leaves, which increased the yield of potato in high
irradiation. PHYA and PHYB transgenic lines also
showed overexpression in dark grown seedling. The
reduction of elongation, increase of anthocyanin
pigments, and high amplification of red light irradi-
ance in PHYB transgenic lines were also reported by
Said et al. (2007).

In the present study, an attempt was made to in-
crease the yield of cotton crop by using an alternative
approach of transforming the PHYB gene to improve
the physiology of this cash crop. A lot of work has
been done on transformation of PHYB in potato
(Thiele et al., 1999; Boccalendo et al., 2003; Schit-
tenhelm et al., 2004), tomato (Said et al., 2007), and
Arabidopsis (Wagner et al., 1991). The present in-
vestigation was carried out in cotton to determine the
effect of overexpression of Arabidopsis thaliana
PHYB gene on cotton growth and yield.

2 Materials and methods
2.1 Plant transformation

The mature embryos (kernels from mature seeds)
of cotton variety CIM-482 were transformed with
PHYB gene through Agrobacterium LBA-4404 and
after two months of kanamycin selection the putative
transgenic plants were shifted to loamy soil in pots.
The cotton seed surface was sterilized by 1 mg/ml
HgCl, and 1 mg/ml sodium dodecyl sulfate (SDS).
Mature embryos were isolated from germinating
seeds and a cut was made at the apex of the shoot with
a sterilized blade. Afterwards, the embryos were co-
cultivated for 1 h with an Agrobacterium strain con-
taining PHYB gene. The embryos were than dried on
sterilized filter paper and cultured on MS medium
(Murashige and Skoog, 1962) for 3 d at 28 °C. After
3 d, embryos were subcultured on MS medium con-
taining kanamycin 50 mg/ml optimized for cotton
plants for selection. After two months of selection on
kanamycin medium, putative transgenic plants were
shifted in shoot and root regeneration media without
kanamycin, as determined by Rao et al. (2009). The
healthy putative transgenic cotton plants were shifted

to pots containing loamy soil. The stable putative
transgenic plants were subjected to molecular analy-
sis after 15-20 d following shifting.

2.2 Molecular analyses of transgenic plants
2.2.1 Polymerase chain reaction (PCR)

Genomic DNA isolated from apical leaves of
transgenic and control cotton plants (growing in the
greenhouse as well as in the field) was analyzed by
PCR for detection of PHYB by amplifying internal
fragments of PHYB genes with the method of Saiki
et al. (1988) with a little modification. The sequence
of PHYB forward primer was 5-TAGGGCTCCTC
ATGGTTGTC-3' and the sequence of reverse primer
was 5-TCGCAGTGTGAGATCGAAAC-3. The
PCR was carried out with the two primers to amplify
646 bp fragment. DNA extracted from untransformed
plants was used as negative control and that of plas-
mid pBinPhyB as positive control. The PCR was
performed at 94 °C for 3 min, then 35 cycles of 94 °C
for45s, 52 °C for 45 s, and 72 °C for 1 min, followed
by 72 °C for 7 min. The amplified PCR fragments
were resolved on 0.01 g/ml agarose gel and observed
under ultraviolet (UV) light.

2.2.2 Southern blot analysis

Southern blot analysis was performed as de-
scribed by Southern (1975) by extracting genomic
DNA from apical leaves of putative transgenic plants
and untransformed control plants. DNA was ex-
tracted as described in Section 2.2.1. Genomic DNA
(20 ng) was digested with Kpnl for PHYB according
to the supplier’s instructions (Enzyme Production
Lab of the National Centre of Excellence in Mo-
lecular Biology (CEMB), Pakistan). The color was
detected by 5-bromo-4-chloro-3-indolyl phosphate/
nitro blue tetrazolium (BCIP/NBT) tablets (Sigma
B5655) dissolved in water according to the manu-
facturer’s instruction.

2.2.3 Quantitative real-time reverse transcription-
polymerase chain reaction (RT-PCR)

Primers used for real-time PCR were as follows:
forward primer, 5-CTCCTGGCTGAGTTTCTGCT-3/;
reverse primer, 5-GCTTGTCCACCTGCTGCTAT-3'.
Real-time PCR reactions were carried out in an
iQ5 cycler with a 96-well plate using the IQTM
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SYBR_Green Super mix (Bio-Rad, USA). As an
internal control, the glyceraldehyde 3-phosphate de-
hydrogenase (GAPDH) was used to normalize the
data. We used 50 ng of complementary DNA in each
PCR reaction. RT-PCR conditions were as follows:
initial denaturation at 95 °C for 3 min followed by 40
cycles of denaturation at 94 °C for 30 s, annealing at
60 °C for 30 s, extension at 72 °C for 45 s, and final
elongation step at 72 °C for 10 min. By continuous
monitoring fluorescence between 60 and 95 °C with
0.5 °C increments every 30 s, a melting curve analysis
was carried out. Statistical analysis of the results of
real-time PCR was performed using iQ5 software
(Bio-Rad) Version 1.0 on the basis of threshold curve
(Cy) values of the gene in different samples converted
to their linear forms, normalized with GAPDH gene.
Analysis of variance (ANOVA) was done to analyze
significant differences in transcript expression in
leaves of control and PHYB transgenic cotton plants.

2.2.4 Enzyme-linked immunosorbant assay (ELISA)

ELISA was used to screen the plants for ex-
pression of PHYB. The total proteins of seven plants
were isolated from apical leaves, which were named
as QCC2, QCC5, QCC7, QCC10, QCC11, QCC14,
and QCC15. These protein samples were bound to
microtitre plate wells. After treatment with specific
PHYB (aR-19) antibody sc-12704 from Santa Cruz
Biotechnology Inc., the presence of PHYB protein
was detected by color reaction. Substrate used in this
case was BCIP/NBT.

2.3 Measurement of physiological parameters
2.3.1 Photosynthetic activity

The uptake of CO, per leaf area was determined
with the help of infrared (IR) spectroscopy having a
transportable gas exchange porometer (model LCA-3,
Analytical Development Co. (ADC), Hoddesdon, UK),
in order to determine the photosynthetic activities of
transgenic and control cotton plants. The terminal
leaflets of leaves 6 to 8 of 30-d to 37-d old plants
were used. Before measurement was made, the
leaflet was fixed in the chamber and exposed to 50 to
500 mmol/(m?s) white light provided by a 150-Ix
lamp (Flexilux, Scholly Fiberoptic, Denzlingen,
Germany) at 22 to 25 °C until CO, assimilation
reached a maximum steady-state level (10-15 min).

2.3.2 Stomatal conductance

PHYB transgenic and control cotton plants were
also analyzed for their stomatal conductance by
LCA-3 analyzer, applying the same method as men-
tioned above, and the data were recorded from the
computer attached to the LCA-3 analyzer (ADC,
Hoddesdon, UK).

2.3.3 Transpiration rate

Transpiration rates of the PHYB transgenic and
control cotton plants were measured by utilizing the
LCA-3 IR gas analyzer, and the data were recorded
from the computer attached to the LCA-3 analyzer.

2.3.4 Derived growth parameters

Relative growth rate (RGR) is the increase in
plant material weight per unit of time. This was cal-
culated using the formula as described by Radford
(1967): RGR=(logm,—logm,)/(t;—t;), where m, and
m; are the weights of plants after the second and first
harvests, respectively, and t; and t; are the time of the
second and first harvests, respectively. Net assimila-
tion rate (NAR) is the productive efficiency of the leaf
calculated in relation to leaf area, and was derived as
NAR=2(m2_m1)/[(A1_A2)'(tz_tl)], where Al and A,
are the leaf areas of plants after the first and second
harvests, respectively. Specific leaf area (SLA) is the
leaf morphology and is determined as the partitioning
of biomass between the different organs, further de-
termined (per plant) by expressing the dry weight
attributable to a particular organ as a quotient of total
plant dry weight. This is termed the weight ratio for
that organ. Thus, SLA is equal to the ratio of leaf area
(A)/leaf weight (m).

2.3.5 Yield

Yields of transgenic and control plants were cal-
culated in two generations in the greenhouse as well as
in the field. Five lines of PHYB transgenic plants were
selected for this experiment along with one control line.
Each line contained ten plants. Yield increase (AY) was
calculated by using the formula: AY=(Y¢Y¢)x100%/Y,,
where Y; and Y. are the yields of transgenic and control
plants, respectively.

2.4 Statistical analysis

The data collected were analyzed using the
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Fisher’s analysis of variance technique and the ex-
perimental plants as well as control plants were
compared using the least significant difference test
(LSD) at 5% probability (Petersen, 1994). Relative
growth rate, net assimilation rate, and relative leaf
growth rate were calculated according to the classical
growth analysis.

3 Results

3.1 Agrobacterium-mediated transformation of
CIM-482 with pBinPhyB construct

In order to incorporate the PHYB gene in
CIM-482, Agrobacterium-mediated transformation
was used. In all, 8500 embryos were transformed
with PHYB gene and selected on MS medium con-
taining 50 mg/ml kanamycin. Ninety-nine putative
transgenic plants out of a total of 8500 transformed
embryos were obtained after eight weeks of selection,
and shifted to MS medium. Transformation efficiency
was 1.1% (Table 1).

Table 1 Transformation efficiencies of cotton plants

nplant

No. Mo Moo~ Control Transgenic TE (%)
1 500 50 35 7 14
2 1000 50 40 15 15
3 1000 50 25 7 0.7
4 1000 50 32 12 12
5 1000 50 29 15 15
6 1000 50 20 11 1.1
7 1000 50 27 10 1.0
8 1000 50 30 9 0.9
9 1000 50 35 13 1.3

Total 8500 450 273 99 11

Notwa: total number of embryos; nen: number of control (non-
transgenic plants); npian: NUMber of plants obtained after eight weeks;
TE: transformation efficiency

3.2 Molecular analyses of putative transgenic
plants

The plants which survived the kanamycin selec-
tion and which were successfully transferred to the
soil in pots, were considered to be putative transgenic.
These plants were further analyzed for the presence
and expression of Arabidopsis PHYB gene. The mo-
lecular analysis included PCR, Southern blot, and
ELISA (Table 2).

Table 2 Molecular analyses of PHYB transgenic plants

Plants PCR Southern blot ELISA
QcCc2 +

QCC5 + + +
QCC7 + + +
QCcC10 + + +
QCC11 + + +
QCC14 + + +
QCcC15 + + + ve control
Qcc21 - - - ve control

3.2.1 Detection and functional integration of Arabi-
dopsis PHYB gene in cotton plants

The insertion of the Arabidopsis PHYB gene in
cotton plants was detected by PCR. The 646-bp
fragment was amplified with internal gene specific
primers. Seven of eight plants, namely QCC2, QCCS5,
QCC7, QCC10, QCC11, QCC14, and QCC15, were
detected to be positive putative transgenic cotton
plants. No amplification was detected in the negative
control and QCC21 plant (Fig. 1a). The stable inte-
gration of the Arabidopsis PHYB gene in the cotton
plant genome was confirmed by Southern blot analysis.

(a)1234567891011

646 bp —p

2 3 4

() 1 56 7 8 9 10

I kb —

e - - @ L%

Fig. 1 PCR (a) and Southern blot (b) analyses of PHYB
transgenic plant DNA

(a) Lanes 3-9: putative transgenic plants QCC2, QCCS5,
QCC7, QCC10, QCC11, QCC14, and QCC15; Lane 1:
negative plant control (QCC21); Lane 10: positive plasmid
control; Lane 2: blank; Lane 11: 1 kb Ladder. (b) Lanes
1-7: samples (QCC2, QCC5, QCC7, QCC10, QCC11,
QCC14, and QCC15); Lane 8: negative plant control
(QCC21); Lane 9: positive plasmid control; Lane 10:
MHindIll marker
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Gene integration was detected with the PHYB spe-
cific probe, which highlighted the full cassette of
PHYB 3.8 kb after the genomic DNA of the PCR
positive plant was digested with Kpnl restriction
enzyme (Fig. 1b). It is clear from Fig. 1b that all the
plants which were PCR positive, i.e., QCC2, QCCS5,
QCC7, QCC10, QCC11, QCC14, and QCC15 show
integration.

3.2.2 Quantification of PHYB gene RNA in trans-
genic cotton plants

Quantitative real-time RT-PCR was used to
check the expression levels of PHYB in leaf samples
of seven transgenic lines. GAPDH gene was used as
the reference gene to normalize the expression levels.
It is obvious from Fig. 2b that all the lines showed
different levels of PHYB mRNA expression, but the
plant lines QCC2, QCC10, and QCC11 showed much
higher levels of overexpression of PHYB as compared
to other lines (Fig. 2b) of PHYB plants. The figure
also shows the lowest expression of PHYB in lines
QCC5 and QCC15.

(®) 1000

800 1

600

400 1

Normalized fold expression

2001

QCClS{
Qcclo
Qces
Qccla
occy
Qcc2

2 qccn

P

t

Fig. 2 ELISA with anti-goat AtPhyB (a) and quantita-
tive real-time RT-PCR (b) of PHYB plants

Lane 1: +ve control; Lane 2: negative control (QCC21);
Lanes 3-9: QCC2, QCC5, QCC7, QCC10, QCC1i,
QCC14, QCC15; Lane 10: blank

3.2.3 Expression of PHYB gene in cotton plants

The plants which were positive for PCR and
Southern blot analyses were further analyzed for the
protein expression of the PHYB gene. Total protein
was isolated from 10 plants, and subjected to ELISA.
Plants QCC2, QCC5, QCC7, QCC10, QCC11,
QCC14, and QCC15 gave positive results for the
expression of PHYB protein, as detected by ELISA,
while no expression was observed in QCC21 negative
control plants (Fig. 2a).

3.3 Physiological analysis
3.3.1 Photosynthetic activity

Photosynthetic activity performed by mature
control and transgenic leaves is shown in Table 3. The
32-37 d old leaves from non-senescent plants were
used. The leaf area photosynthetic rate was higher at
photon fluxes of more than 250 mmol/(m*s) in the
transgenic plants than in the control plants. The in-
crease in the photosynthetic rate per individual plant
from 13.10 pumol/(m?s) to 42.43 pmol/(m*s) was
observed.

3.3.2 Stomatal conductance

Results also indicated that stomatal conductance
of QCC11, i.e., 103.3 mol/(m?-s), is four-fold greater
than control, the latter of which has the stomatal
conductance of 20.0 mol/(m%s). Similarly other
PHYB transgenic plants, such as QCC2, QCC10, and
QCC7, had stomatal conductances of 102, 69, and
94 mol/(m?-s), respectively (Table 3).

3.3.3 Transpiration rate

The results of plants analyzed by IR gas analyzer
showed that the transpiration rate of PHYB transgenic
plant was greater than that of control. The plant QCC2
had 10.53 mmol/(m?s). Similarly, other plants like
QCC11 had transpiration rate 12.41 mmol/(m*s),
greater than control; QCC14 and QCC7 showed
similar results, except QCC10 whose transpiration
rate was (6.91 mmol/(m?.s)) a little greater than con-
trol (3.38 mmol/(m?-s)) (Table 3).

3.3.4 Growth analysis

Critical examination of data shown in Table 4
shows that PHYB has a significant effect on relative
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growth rate. Maximum relative growth rate was re-
corded with PHYB transgenic plants, showing the
significant effect of PHYB on relative growth rate.
Relative growth rate is strongly and positively corre-
lated with net assimilation rate. The data collected for
PHYB transgenic plants showed a significant differ-
ence from control plants (Table 4), while data ob-
tained for specific leaf area showed that there was no
significant effect of phytochrome on the specific leaf
areas of transgenic plants (Table 4).

3.3.5 Yield

Data shown in Table 5 revealed that with in-
creasing photosynthetic rate the plant yield was en-
hanced. In QCC2, photosynthetic rate was recorded to
be 40.00 pmol/(m*s) and a 38.79% increase in yield

was found, as compared to control (Fig. 3b and Table 5).

Similarly, in QCC11, photosynthetic rate was meas-
ured to be 42.43 pmol/(m*s) and 38.96% increased
in yield was recorded as compared to control. In
the case of QCC14, with a photosynthetic rate

Table 3 Field performances of PHYB transgenic plants

Plant PR , TR , SC2
(umol/(m*s))  (mmol/(m*s))  (mol/(m-:s))

QccC2 40.00° 10.53% 102.0*
Qcc7 39.01° 8.19° 94.0°
Qcc10 33.21° 6.91% 69.0%
QCc11 42.43° 12.41% 103.3%
QCcC14 34.13° 8.20° 71.0°
Control 13.10° 3.38° 20.0°

PR: photosynthetic rate; TR: transpiration rate; SC: stomatal
conductance

34.13 umol/(mz-s), only a 26.64% increase in yield
was found over control. On average, a 34.09% in-
crease in yields of PHYB transgenic plants was re-
corded during this study as compared to control
(Table 5).

Fig. 3 Comparisons of morphologies and yields of
PHYB transgenic plants with the control

(a) PHYB plants showed a greater number of shorter but
thicker leaves than the control; (b) Yield of PHYB increased
compared to the control

Table 4 Growth comparison of PHYB transgenic cotton plants with control cotton plants in the field and greenhouse

Relative growth rate

Net assimilation rate Specific leaf area

10d 20d 30d 10d 20d 30d

Plant 10d  20d 304
PHYB transgenic cotton  0.0053* 0.0068" 0.0121°
Control cotton 0.0037° 0.0043° 0.0046°

0.0046?
0.0034°

5.53
5.05%

5.57%
5.82°

6.22°
5.33°

0.0099°
0.0041°

0.0055?
0.0037°

Table 5 Comparisons of physiological and growth performances of PHYB plants with control under the field and

greenhouse conditions

Field Greenhouse
Plant Mean radius Mean cotton Mean height Yield Mean radius Mean cotton Mean height Yield
(mm)  weight (g/plant) (cm) increase (%) (mm)  weight (g/plant) (cm) increase (%)

Qcc2 1.69% 83.30° 90? 38.79 1.48% 81.03° 812 39.61
Qccy 1.79% 80.45° 110° 33.99 1.75% 78.35° 952 34.99
QCC10 1.89° 79.30% 100% 32.07 1.76% 77.41°% 942 33.37
Qcc11 1.89% 83.43% 96° 38.96 1.78% 82.32% 88% 41.83
QCcC14 1.44° 76.40° 1132 26.64 1.15% 72.01° 872 22.39
Control 1.50° 60.04° 140° 0.99° 58.04° 113°
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4 Discussion

4.1 Comparison of mRNA overexpression in dif-
ferent PHYB transgenic lines

Transgenic approaches to photosynthetic en-
hancement and yield increase might be more suc-
cessful than conventional breeding methods (Dunwell,
2000). Being focused on the aim to utilize the trans-
genic approach, we produced cotton plants overex-
pressing PHYB. Molecular analysis of the data indi-
cated that seven out of total 99 putative transgenic
cotton lines were PCR and Southern blot positive.
Similarly these lines were found to be expressing
PHYB protein as shown by ELISA.

The results of quantitative real-time RT-PCR
have determined that QCC11 exhibit higher levels of
MRNA expression as compared to other plants where
MRNA expression is quite low. The results clearly
show that the expression level is variable among dif-
ferent lines of PHYB. Expression in QCC2, QCC10,
and QCC11 was much higher as compared to other
lines (Fig. 2b). These results are similar to Dong and
Li (2007), who determined the variation in expression
level of transgenic plants, which might be due to
nucleotide sequence of the gene, promotor, insertion
point of the gene in the DNA of the transgenic variety,
transgene copy number, and internal cell environment,
as well as several external factors in the environment
(Hobbs et al., 1993; Guo et al., 2001; Rao, 2005;
Warren, 2007).

4.2 Effects of PHYB overexpression on phenotype

Arabidopsis PHYB DNA, when transformed in
cotton lines, led to overexpression of gene under the
control of CaMV 35S promoter, supporting the as-
sumption that the plants having overexpression of the
phytochrome may be used as agriculturally important
plants in the future. A comparison has been made be-
tween the already reported data (Husaineid et al., 2007)
of different lines that have overexpression of PHYA or
PHYB. Overexpressing Arabidopsis PHYB transgenic
cotton lines showed agriculturally important charac-
teristics like increase in time span and photosynthetic
rate, exhibiting more apical dominance, and increase in
thickness, but decrease in size of leaves. This small
phenotype of cotton plant in the field is the same as the
phytochrome expression in potato (Thiele et al., 1999).

The morphological data indicated that mor-

phology of the plant is directly related to its physi-
ology with increasing photosynthetic rate. This sup-
ports the finding of overexpressing PHYA in trans-
genic tobacco plants studied by Robson et al. (1996).
The PHYB lines displayed higher photosynthesis rates
(Table 3). This effect may be proportional to the in-
creased chlorophyll levels in transgenic potato leaves
as compared to control potato leaves (Thiele et al.,
1999). Recognizing the phytochrome-mediated re-
sponses of plants to their light environments is an
important goal in providing an overall understanding
of light-regulated growth and development (Quail,
2007). The transgenic plants showed the higher re-
sponse to white light due to increase in leaf thickness
which results in increase in photosynthetic rate and
biomass production and then leads to more supply of
assimilates to the leaves by decreases in the stem.

4.3 Effect of PHYB overexpression on physiology
and growth parameters

The data reviewed so far indicate the increase in
transpiration rate, stomatal conductance, and photo-
synthetic rate. Improved stomatal conductance was
observed because of an increase in transpiration rate.
This is because there is a close correlation between
stomatal aperture and photosynthetic rate (Jiang et al.,
1988; Hirasawa et al., 1992). Importantly 90% of the
water loss takes place through stomata which cover
only 1% area of the leaf. There is a direct relationship
between stoma opening and transpiration rate: if
stomata are open more, there will be more transpira-
tion, and vice versa. Transpiration plays a very critical
role in plant life. It is not only responsible for water
loss, but also has a key role in transportation of sap
(sugar, minerals, and plant chemicals), protecting the
plant from burning and maintaining the turgidity of
the plant.

Relative growth rate and net assimilation rate of
PHYB lines were much higher than those of control.
Relative growth rate is strongly and positively corre-
lated with net assimilation rate (Tan and Tan, 1981,
Shipley, 2002). Thus, there were ultimately a higher
photosynthetic rate, growth rate, and shade avoidance
response in transgenic lines. PHYB lines have shown
35% more yield as compared to controls. This is the
same as the observation by Thiele et al. (1999), in
which PHYB potato had more yields as compared to
control.
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5 Conclusions

The results support that higher photosynthetic
rate lead to more relative growth rate and greater yield
in cotton plants. It is clearly shown that transgenic
plants are potentially more productive. As these
plants can take in more CO; due to a decrease in ve-
locity of chlorophyll breakdown, they might be of
considerable worth in those regions which have long
growing seasons.
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