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Abstract: Two Nepalese spring wheat cultivars were transformed with an ipr gene from Agrobacterium
tumefaciens under the control of the senescence inducible promoter pSEE] from maize using biolistic method.
The resulting transgenic lines, one from Pasang Lahmuo and seven from Annapurna-1, were studied for the
expression of the transgene and the phenotype characters like chlorophyll content, chlorophyll a/b ratio, PS
IT quantum yield and other parameters of agronomic importance. Analysis of transgene expression by RT-PCR
revealed very weak or no signal at all, indicating either partial or complete silencing of the transgene in the lines
tested. None of the plants exhibited a phenotype that was significantly different from the respective azygous

controls.
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INTRODUCTION

Senescence is a developmental phase during which
a plant or a plant organ undergoes distinet structural and
metabolic changes, which finally lead to death (Nooden,
1988). It contributes to the fitness of a plant by recycling
nutrients to actively growing regions or storage organs
(Lohman er al., 1994), External and internal factors are
known to trigger leal senescence. The external factors
include low light intensity due to shading, drought, heat,
pathogen infection (Thomas and Stoddart, 1980) and
nutrient  deficiency. Internal factors that trigger
senescence are related to the processes of pollination,
seed development (Nooden, 1988) and the progression of
ageing (Nang er al., 1993; Hensel er al., 19493) that results
in end of temporal niche of the plants (Lim er al.. 2007).

Senescence of a leal represents an essential adaptive
mechanism of the plant to cope with biotic and abiotic
stresses (Dangl et al., 2000) in a feed-forward way, saving
nutrients and concomitantly energy (Feller and Fischer,
1994). In the other hand senescence unavoidably reduces
a plant’s source strength and limits its productivity
(Thomas, 1992; Lim et al., 2007). Senescence may also
cause post harvest spoilage such as yellowing or loss of
nutrients in vegetable crops (Lim et al., 2007).

Senescence of a plant or a plant organ can be
controlled externally by application of inputs like

fertilizers, pesticides, hormones and irrigation. As far as it
1s genetically regulated (Oh er al., 1999, Thomas and
Howarth, 2000), it can be a target for control by
biotechnological means. Manipulation of enzymes
involved in the biosynthesis of hormones like cytokinins
or ethylene have different effects on leal senescence.
Regulation of synthesis of these hormones by genetic
manipulation can be used to control senescence (Gan and
Amasino, 1995),

The effect of cytokinins in delaying of leaf
senescence was known as early as late fifties, even before
the hormone was actually isolated from plants. But the
molecular basis of such action has recently been
discovered.  Buchanan-Wollaston er  al.  (2005)
demonstrated that leaf senescence is reported to be
associated with downregulation of genes involved in
cytokinin biosynthesis like cytokinin synthase and ipt
and/or upregulation of those involved in cytokinin
degradation like cytokinin oxidase resulting in low
cytokinin contents of senescing leaves.

Gan and Amasino (1995) pioneered the use of
developmental targeting of cytokinin  synthesis in
transgenic  tobacco by transferring ipt gene from
Agrobacterium tumefaciens under the regulation of
senescence specific promoter SAGI2 from Arabidopsis
thaliana. During senescence cytokinin synthesis in
transgenic tobacco was enhanced and the senescence
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was delayed. The transgenic lines were reported to show
not only the delaying of senescence but also a significant
increase in biomass and seed production. Furthermore,
the transgenics were reported to have a different
N-distribution in the whole plant, due to an inhibition of
the remobilization of leal constituents from the older
leaves (Jordi er al., 2000). Delaying of senescence has
also been achieved in different plants like broccoli
(Chen et al., 2001), lettuce (McCabe er al., 2001), rice
(Lin er al., 2002), wheat (Daskalova er al., 2002
Sykorova er al., 2008) etc., using the same strategy.

Such attempts to delay senescence by enhancing
cytokinin biosynthesis at the onset of senescence have
not always been successtul. Young er al. (2004) could not
find delaying of senescence in maize plants expressing the
same (ransgene. However, the transgenic lines were
reported to exhibit other phenotypic effects like reversal
of pistil abortion in maize. Xi ¢f al. (2004) also could not
find any significant effect in leaf cytokinin content, leaf
senescence and agronomic performance of the transgenic
wheat lines possessing the same transgene. However,
Svkorova et al. (2008) succeeded in demonstrating
increased cytokinin content, delayed senescence and
increased nitrate influx and nitrate reductase activity in
transgenic wheat expressing the SAG/2::/PT ransgene.
The grain yield in transgenic lines however, was not
significantly different from that in respective controls,
Robson er al. (2004) cloned the senescence induced
promoter Py, and fused the ipr gene from
Agrobacterium tumefaciens to this promoter and to a
nopaline synthase (nes) terminator. This construct, i.e.,
(pPBKK2P, () JPTNOS) was then used to transform maize
plants and significantly delay senescence in transgenic
lines.

In the present study the transformation of two
cultivars of wheat (T, aestivum L.) from Nepal with the
same construct as that used by Robson er al. (2004) and
the effects of the transgene on delaying senescence in
transgenic lines is reported.

MATERIALS AND METHODS

Materials: The plant material consisted of scutellar
explants from two Nepalese spring wheat cultivars
Annapurna-1 and Pasang Lahmu. The plasmids used
for the bombardment were pBKK2P.. .. JPTNOS
(Robson er al., 2004) and pGFPBAR (Huber et al., 2002).
These two plasmids were bombarded together. pGFPBAR
was used for ease of selection of transgenic lines. It
contains two marker genes: gfp and bar. Expression of gfp
oives the advantage of non destructive selection of
transgenic lines due to their ability to produce bright
green fluorescence under ultraviolet or blue light. The gfp

102

expression can be observed with a standard fluorescence
microscope equipped with the appropriate filters
(Chalfie et al., 1994). The expression of bar gene gives the
advantage of selecting the plants against the herbicide
phosphinothricin® or Basta®,

Media: The media used for culture of immature embryos
consisted of basal MS media with slight modifications.
Basically two variants of MS media, M3 medium and
ME3S medium (Pellegrineschi et al., 2002) with various
concentrations of 2,4-D were tried for callus induction. M3
medium consisted of MS macro- and micro salts, MS
vitamins, 3% maltose, 0.8% Agar and 4.5 pM 2.4-D, while
ME3S medium consisted of 2x MS macro salts, 1x MS
micro salts, MS vitamins, 0.2% sucrose, (.8% Bacto Agar
and ca 9 pM (i.e., 2 mg L") of 2.4-D. Additional Thiamin-
HCI (Sigma) was added to give end concentration of ca
1.5 mM. L-Asparagine (Serva) was also added to the
medium at the end concentration of ca 1.36 mM. In
another variation 2.4-D concentration of the medium was
reduce to half, i.e., 4.5 uM (1 mg L™"). The regeneration
medium consisted of normal MS medium without any
phytohormones, but usually supplemented with 5 mg L™
Phosphinothricin  (Duchefa). The media for osmotic
treatment consisted of either M3 medium supplemented
with 0.5 M mannitol (M3-manit) or ME35/ ME35-1 medium
containing  15%  maltose instead of  sucrose
(MEISM/MEL5M-1). The rooting medium was the same as

regeneration medium without Phosphinothricin.

Culture of scutellar explants: Scutellar explants excised
from immature caryopses ca 15 days past anthesis were
pre-cultured in callus induction medium at 24°C in dark for
4 days or kept directly on the osmotic medium. Twenty
five best explants were selected and subjected 1o osmotic
treatment usually for 4 h by placing them at the middle of
a petridish with osmotic medium under aseptic conditions.
The explants were then vsed for bombardment.

Bombardment of the scutellar explants/calli: Following
a modified CIMMYT protocol, scutellar explants from
immature embryos were transformed with pSEET-IPT by
biolistic delivery using the particle gun PDS-1000/He
(Biorad, Munich, Germany). The gene construct
pGFPBAR (Huber et al., 2002) was co-bombarded for
screening the material for putative transgenics. The
plasmids were purified by 2-3 additional rounds of phenol
chloroform extraction. Both plasmids were precipitated in
equimolar concentrations onto gold particles of 0.6 pm
diameter. Plasmid DNAs equivalent to 30 ng of
pBKEK2P, . [PTNOS and 20 ng of pGFPBAR were used
for each bombardment. Other bombardment conditions
were according to Fettig and Hess (1999),
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The bombarded explants were maintained in dark at
24°C for 2 weeks and embryogenic calli were selected in
MS medium without hormones and supplemented with
5 mg L' of herbicide phosphinothricin. The calli were
observed for gfp expression with a LEICA MZFLINT
fluorescence microscope. The gfp expressing calli were
marked and allowed to grow on selection free media and
their further development was regularly recorded. The gfp
expressing plantlets were transferred to phosphinothricin-
free MS medium in order to minimize somaclonal
variations. Non gfp expressing calli with regenerating
plantlets were further transferred to selection medium and
cultured at 24°C under 16 h light/8 h dark photoperiod for
6 weeks. After 6 weeks, the surviving plantlets were
subjected to one more selection round of 6 weeks. The
plantlets surviving two rounds of selection in
phosphinothricin  containing medium were considered
as putative transgenics. They were allowed to grow for
two weeks in phosphinotricin-free medium and then
transferred to soil,

Extraction of DNA: Genomic DNA was extracted from
voung destarched leaves using a modilied CTAB method
as described by Wilkie (1997). Leaves (2 g fresh weight)
were ground to fine powder with mortar and pestle in
liquid nitrogen. Fifteen milliliter of 2x concentrated CTAB
solution (100 mM Tris-HC1 pH 8.0, 1.4 M NaCl, 20 mM
EDTA pH 8.0, 2% w/v CTAB, 40 mM [-Mercaptoethanol)
pre-heated to 90°C was added to the leaf powder in 50 mL
falcon tubes and the suspension was heated to 65°C for
| h and then centrifuged on Eppendorl Table centrifuge
at 3000 rpm ( 10 min at room temperature ). The supernatant
was transferred to a fresh tube, treated with an equal
volume of chloroform: isoamyl alcohol (24:1 v/v), mixed by
gentle shaking and centrifuged as before. This procedure
was repeated once. To the supernatant, 0.6 volume of
isopropanol was added and the precipitated nucleic acids
were transferred with blunt pipette tips to 2 mL reaction
tubes. The DNA was washed once with 76% ethanol
containing 0.1 M (NH,),50, and twice with 70% ethanol.
Subsequently it was dissolved in 2 mL of TE buffer
containing 50 pg mL~" of RNAse A and stored at -20°C.

Polymerase chain reaction: Proof of the presence of
P PTNOS  was done by amplification of an
approximately 0.6 kb fragment spanning the promoter
CDS fusion region wsing IPT1 and Xba3 as primers
(Robson et al., 2004), or alternatively by amplification
of a 473 bp fragment of ip¢t using the primers
5-GGAAGAACTGAAAGGAACGAG-3  (forward) and
5-GAGCGATCCCATGAATCAAC-3 (reverse). For PCR
| pL of undiluted genomic DNA preparation was used.
For amplifying the 583 bp fragment the program was;
initial denaturation at 94°C for 3 min, followed by 35
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cycles of 1 min each at 94 and 55°C and 30 sec at 72°C and
a final extension at 72°C for 5 min. For 473 bp fragment the
cycles were: One min at 94°C, 45 sec at 63°C and 30 sec at
12°C, initiation and termination as before, PCR reactions
were performed in a Peltier PTC100 thermal cycler (MJ
Research. NJ). The final concentrations in the reaction
mixture were long PCR buffer (50 mM Tris-HCI pH 9.0,
160 mM (NH,),50,, 0.15 mg mL~"' bovine serum albumin),
2.5 mM MgCl,, 0.16 pM of forward and reverse primers,
(0.1 mM of dNTPs and 0.25 units of Tag-polymerase
(Fermentas, Germany) in a final volume of 25 uL.. The PCR
products were separated electrophoretically in (.8%
agarose gels in 1x TAE buffer.

Southern blot: The probe for Southern blotling was
prepared by PCR with Xba5 and IPT1  primers
(Robson et al., 2004) and labelled with DIG-11-dUTP
following the manufacturer’s protocol (Roche Applied
Sciences). Twenty pg of genomic DNA were digested

with  Kpnl  (Fermentas) and the digest was
electrophoretically  separated  (0.8%  Agarose) and
subsequently blotted on positively charged nylon

membrane (Biodyne B from Pall) by neutral capillary
transfer using 10x S5C. The DNA was fixed on the
membrane by baking (80°C, 30 min) and fixing with UV
(254 nm, 1 min). Hybridisation with probe was done at
50°C for 12 h and CSPD (Roche Applied Sciences) was
used for wvisualization following the manufacturer’s
instruction. A signal at 2.9 kb confirmed the presence of
transgene in the tested lines.

RNA extraction and reverse transcription PCR: Total
RNA was extracted from young and mature leaves as
described by Sambrook and Russel (2001). One microgram
of total RNA from each preparation was pipetted
into 1.5 mL microfuge tubes in an ice bath and treated with
DNAse I (Fermentas, Germany) to remove residual DNA,
following manufacturer’s instructions. After DNA digest
the RNA was reverse-transcribed using oligo dT,.,
primers and M-MuLV reverse transcriptase (Fermentas).
PCR with the resulting ¢cDNA was performed with ipt
primers as described above. Wheat actin was used for
PCR control with 3-GACCCAGACAACTCGCAACT-3 as
forward and 5S-CTCGCATATGTGGCTCTTGA-3 as reverse
primers (Pellegrineschi er al., 2004).

Physiological characterisation of the plants: Chlorophyll
content was measured in an extract of the distal 7 em of
the 4th leaf, 45 days after sowing (the period at which it
showed symptoms of yellowing of leaf tip). For extraction
the leaves were cut to small pieces and 2-3 pieces were
weighed and immersed in 1 mL of N,N-dimethylformamide
(DMF) at -20°C for 72 h in darkness. The suspension was
centrifuged at 12,000 rpm for 10 min and the absorbance
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was read at 646.8, 663.8 and 750 nm; chlorophyll a and b
was calculated as described by Porra er al. (1989). Leat
samples were taken from different plants of transgenic and
control lines in fifteen to twenty repetitions and the
chlorophvll contents were compared. The statistical
significance of the differences in the mean values was
determined by using Students” t-test.

Quantum yield of PS II of the dark-adapted 4 top
leaves (including the flag leaf) of the primary tiller was
measured by chlorophyll a fluorescence with a PAMI101
fluorometer (Heinz Walz, Effeltrich, Germany). F, and F, at
saturating light flashes were determined thrice from the
middle of each leaf with 5 plants from each transgenic and
control lines. Quantum yield was calculated by using
formula:

Quantum yield: (F

mas

FoWF
Effect on leaf senescence and leaf longevity: In order to
determine the effect of the presence of the transgene on
leal senescence and leaf longevity, the date of emergence
as well as that of complete yellowing of first three leaves
in transgenic and control plants were recorded and the
relative longevity of the individual leaves was determined
by counting the number of days from emergence to
complete vellowing.

Effect on morphology and agronomic performance: In
order to assess the effect of the transgenes on the
morphology and agronomic performance of the plants, the
following parameters were determined: Plant height,
number of tillers, ear length, total grain number. grain
welght and above ground biomass. In order to determine
the effect of the transgene on senescence, the date of
initiation and yellowing of first three leaves was noted
and relative longevity of those leaves inm vive was
determined.

Statistics: All the statistical analyses were made using
the software Sigma-Stat. t-test was used for the
determination of statistical significance of the difference
of means between transgenic and control lines in various
parameters studied.

RESULTS

Generation of transgenic wheat plants: Starting with 1075
embryos from Annapurna-1, 12 putative transgenic plants
could be obtained from 43 bombardment experiments.
With Pasang only 5 putative transgenics could be raised
out of 630 embryos, which were treated In 26
bombardments. Only 10 lines from Annapurna-1 and 4
lines from Pasang Lahmu were later confirmed as
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1 kb

500 bp

100 bp

Fig. 1: PCR of genomic DNA of eight wheat lines
(numbers indicate respective wheat lines; line 47 15
Pasang Lahmu, rest are Annapurna-1) showing
the amplification of approximately 0.6 kb band of
the transgene. P, plasmid (positive control); C,
negative control (wildtype Annapurna-1). M,
100 bp ladder (Fermentas)

transgenics due to consistent presence of the SEE]::IPT
transgene as revealed by the PCR results of the genomic
DNA of respective lines (Fig. 1) or by the consistent
expression of the reporter gene (gfp and/or bar) in
putative transgenic lines in TO and subsequent
cenerations. The efficiency of transformation was around
0.94% in Annapurna-1 and 0.61% in Pasang Lahmu. Only
the lines possessing the transgene SEE]::IPT (7 lines
from Annapurna-1 and 1 line from Pasang Lahmu) were
taken for further work and the rest were discarded. The
presence of the transgenes in 6 transgenic lines from
Annapurna-1 (10, 29, 66, 75, 84 and 87) and one from
Pasang Lahmu (line 47) were also verified by Southern
blotting of DNA from leaves of TO as well as T1 plants
(data not shown). Only these seven lines were taken for
further work.

The inheritance of the transgene was followed up to
the T2 generation by PCR to verify the stable integration
of the transgene into the genomic DNA. All the lines that
were positive o ipt in TO generation produced ipt
positive progenies, thus indicating the stable integration
of the transgene into wheat genome. The segregation
ratio of the transgene in different lines was also calculated
based on PCR data. Only two lines A-66 and A-87 were
found to have the segregation of ratio of 3:1 segregation
of the reporter gene (gfp or bar) as revealed by gfp
fluorescence in different parts of the TI and T2
transgenics  or  selection  in the phosphinothricin
containing medium. In other lines, the ratio was not exact
3:1 which may probably due to silencing of the transgene
or due to multiple insertion of the transgene in the wheat
cenome. All of the plants expressing the reporter genes as
well as those not expressing the reporter gene were tested
by PCR for the presence of the transgene. Most of the
transgenic lines were found to have co-segregation of
reporter gene and SEE[L::IPT transgene. Only the lines
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Table 1; Chlorophyll content (mg g fresh weight) and chlorophyll afb ratio of the fourth leaft (top) of the main tiller of T1 transgenic lines and controls of
Mepalese Annapurna-10A-) and Pasang Lahmu (P-) wheat cultivars measured 45 davs after sowing {Means5r)
Chlorophyll a Chlorophyll b Chlorophyll a/b ratio

Line Transgenic Control Transgenic Control Transgenic Control
A-10 0.79+0.12 0.87+0.17 0.69+0.09 0644008 1.17£0.24 1.3940,32
A-20 | 402007 1.350.03 (0L 42400.03 0454004 2362004 3034028
P47 1.3140.11 I . 30000 [ 3440L(M (L 3R+0.03 31.94+041 3504027
A-66 | 360,04 1.27+0.04 0.4 1+0.07 0, 394+0.03 3. 360,50 3.560.30
A-T5 |.4320.12 | 2520004 (22400 (Fa (4320007 3.33=041 35094034
A-B4 [ .3740.09 . 42400 0(R (4 340L(M (424006 3. 264043 3414043
A-87 1.5240.14 1,450, 10 0L470.11 0,41 +0.06 331054 3854044

Table 2: Belative longevity { Meand50: n = 53) of individual leaves in T2 plants of two lines of transgenic Annapurna-1 and their respective controls

Relative longevity of individual leaves (No. of days from emergence 1o vellowing)

Third

First Second
Line Transgenic Control Transgenic Control Transgenic Control
AlD 24.6x1.8 24.4+1.7 28.8+1.8 26.6x1.5 320423 31.0x1.4
ART 33,2424 30.8+£2.2 34.2+1.2 31,2428 37.0£1.1 34.4+2.1
P-47 and A-84 did not show co-segregation ol _ 1&he 0907 mA87 B Conrol B A0 O Conol
co-bombarded transgenes. Seven lines that were positive 0.80-
for the presence of the SEET::IPT transgene in PCR and 570 3 £ s =
southern hybridisations of DNA samples from TO leaves '
were taken for further work. The lines containing only = 0.60-
the reporter genes and chimeras containing SEE[::[PT = 0501
transgene only in the TO generation were discarded. § (.40

& 0,30

Physiological characterization of the transgenic lines 0,300
Chlorophyll content: The chlorophyll a content in 010
transgenic lines A-29, A-66 and A-87 was higher than in
respective controls. Chlorophvll b content, on the other 0 e oL ooy !

hand was higher in all transgenic lines except A-29 and
P-47. Similarly chlorophyll a/b ratio in transgenic lines
except A-29 and P-47 was lower than that of respective
controls (Table 1). Despite the lack of significant
differences in chlorophyll content and chlorophyll ratio
two transgenic lines, A-10 and A-87 which showed about
| 5% decrease in the chlorophyll a/b ratio relative to the
controls, were selected for comparison of chlorophyll
fluorescence and  quantum  yield measurements,
agronomic parameters and expression analysis.

Effect on leaf longevity: The relative longevity of
individual leaves of the transgenic plants was found to be
higher than that of respective leaves of control plants in
both lines tested. However, statistically  significant
differences were observed in second and third leaves of
the plants derived from transgenic lines A-87 (Table 2).

Chlorophyll luorescence and quantum yield: Quantum
vields of photosystem Il as measured by chlorophyll a
fluorescence of the flag leaf (L0) and subsequent leaves
(L1, L2 and L3) of the primary tiller of T2 plants of the
transgenic and control lines 1s presented 1n Fig. 2. The

1035

Leaves

Fig. 2: Quantum yields of flag leaf (1.0) and subsequent
leaves (L1 to LF3) of the main uller of two
transgenic Annapurna-1 lines A-87 and A-10 and
their respective controls (error bars represent SD)

transgenic  lines showed higher guantum yield than
control, however the differences were not statistically
significant (p<0.03).

Expression analysis of ipf: The RT-PCR of mENA from
transgenic and control Annapurna-1 plants of the T2
generation of both transgenic lines is shown in Fig. 3. A
positive signal was obtained with only three plants from
line A-87 out of five plants and there was no signal in
plants from line A-10.

Agronomic parameters: As is evident from the Table 3
was no differences between the transgenic and control
lines of the plants of both transgenic lines in plant height
as determined by measuring the culm length of the
primary tiller.
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Table 3; Comparison of agronomic parameters of two transgenic lines of Annapurna- 1 with their respective controls { MeantSD)

Flant Ear
height* Tuolal Fertile length®
Line (i) tillers tillers {cm)
A-RT B9 3431 5.20+1.0 3.241.0 73404
Cont f8.9+5.5 5.00%1.2 3.240.5 754005
A-10 T84+ .8 4. 40+1.7 32405 B.4H017
Cont TH. G232 4 30+2 06 3008 BG5S
*Data taken only from the main tiller
P B7-C 10-4 10-3 |02 10-1 87-5 B7-4 E7-3 E7-2 E7-1
Actin
P

Fig. 3: RT-PCR of T2 lines of transgenic Annapurna-1 87-
| to 10-4 containing pSEEL-IPT and control 87-C
and 10-C showing amplification of wheat actin
(upper row, each slot containing 5 uL of per
product) and ipr (lower row; each slot containing
10 pL of per product) transcripts. Numbers
represent the respective lines, P is the plasmid
control (2.5 pL of per product); - is negative
control (tobacco cDNA for actin and SAGI12-knl
for ipt)

The number of tillers also showed inconsistent
results. The number of total tillers was higher in
transgenics than in control lines in plants derived from
A-8T while 1t was just the opposite in plants derived from
A-10. The differences however were not statistically
significant in both cases. The trend in the number of
fertile tillers was also similar to that of the number of total
tillers. The length of the ear of the primary tiller also were
not significantly different between transgenic and control
lines in plants derived from both transformation events
A-10 and A-87. The ear length in control (azygous) plants
was more than that of transgenic plants in T2 generations
of both lines. Similarly the number of grains per ear was
also not significantly different in transgenics and their
respective controls. The value for the transgenic lines was
higher and lower than in azygous controls, respectively in
plants derived from line A-87 and A-10.

The single grain weight was found to be slightly
higher in controls lines than in transgenic. In both cases
the differences, however, were not statistically significant.

Plant biomass (dry weight without grains) was also
found to be not significantly different between the
controls and transgenics from both transgenic lines. The
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Plant Total Single grain
Crrmins weight araim weight
per ear () weight (g) (mg)
344491 3.E40.3 5.77040.50 56.10£2.10
29.0+£3.8 36405 5,300,770 57.331.61
ATOE3R 5.7H0.4 0,500,779 50, 30£7.13
437485 S T 0ak] BN 3t 36322

variation in the values of the plant weight was found to be
similar to that of the number of grains.

DISCUSSION

ipt transgene and expression: Senescence-specific
expression of the ipr gene from Agrobacterium have been
reported to have a positive effect in delaying senescence
in various plant species like Tobacco (Gan and Amasino,
1995; Jordi er af., 2000), broccoli (Chen er al., 2001),
Lettuce (McCabe et al., 2001), Rice (Lin et al., 2002),
Maize (Robson ef al., 2004) and wheat (Daskalova et al..
2002; Sykorova er al., 2008). In all earlier studies except
that of Robson et al. (2004) the expression of ipt gene was
driven by the SAGI2 promoter from Arabidopsis, a
promoter from a dicot plant. Robson et al. (2004), however
isolated SEE1 promoter from maize to drive the expression
of ipt gene and succeeded in significant delaying of leaf
senescence in transgenic lines. The same construct as
used by Robson er al. (2004) was uvsed in present
investigation, considering that SEE1 (a promoter from a
monocot species) will be more elfective than SAGI2
(a promoter from Arabidopsis thaliana, a dicot species) in
driving the expression of ipt gene in wheat.

The effects on timing of anthesis and ripening were
not significantly different in transgenic and controls
plants (Data not shown). However, with the exception of
increase in relative longevity of individual leaves in
transgenic line A-87, no antisenescence effect could be
seen in transgenic wheat lines containing the ipt gene
under the control of SEE1 promoter from maize. In several
previous reports about transgenic cereals containing ipt
gene under the control of senescence inducible promoters
delayed senescence could be related with the expression
of ipf gene only in the case of rice (Lin er al., 2002), wheat
(Daskalova er al., 2002; Sykorova er al., 2008) and maize
(Robson et al., 2004). In all other works either the ipr gene
was not expressed at all (Xi et al., 2004) or ipr expression
did not result in delayed senescence effect as expected
but showed other phenotypic effects (Young et al., 2004).
Though all these works with the exception of
Robson et al. (2004) involved SAGI2 promoter, the
contradicting effects of similar systems even in the same
species may be due to wvariations in the degree of
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expression of the introduced genes. These differences
might be caused by differences in promoter strength, or
due to different responsiveness of ditfferent genotypes to
the enhanced cytokinin level, the end product of gene
expression. Furthermore, the differences in the effect of
the same transgene even in the same species might also
be caused by differential expression due to position of the
transgene within the wheat genome,

Chlorophyll partitioning and effects on quantum yield
of transgenics: Deficiency of chlorophyll b is reported
to cause a decrease n relative abundance. relative
antennae size and light harvesting capacity of PSII in rice
(Terao and Katoh, 1996). Similarly, the senescing leaves
of field grown wheat are reported to have higher
chlorophyll a/b ratio, probably due to greater vulnerability
of chlorophyll b towards degradation during senescence
(Lu er al., 2001). Retention of relatively high chlorophyll
b content and lowering of chlorophyll a/b ratio in
transgenic lines compared to azygous lines in present
investigation might be due to the senescence delaying
effect of the transgene andfor greater stability to the
degradation of proteins of LHCII complexes in those lines.
Robson er al. (2004) had also reported lowering of
chlorophyll a/b ratio in transgenic maize expressing the
same transgene, but gave no explanation for this.
Furthermore, the lowering of chlorophyll a/b ratio reported
by Robson et al. (2004) was much higher compared to that
of present work.

Other effects on morphology and agronomic
performance: Cytokinins delay senescence in cereals by
triggering pleiotropic effects on  various senescence
related processes (Kaminek er al., 2003). In addition to
delay of senescence they also promote tllering by
counteracting apical dominance. Release from apical
dominance 1s seen not only at the level of ullers, but also
at the level of ears/spikelets, where 1t counteracts the so
called semibasal or medial dominance which would
otherwise result in poorly developed or aborted grains at
the distal parts of the spikelets (Williams and Cartwright,
1980; Kaminek er al., 2003). Cytokinins also increase the
reproductive sink size in cereals in various ways. These
effects of cytokinins on cereals have been proven either
by applving exogenous cytokinins (Williams  and
Cartwright, 1980: Sivakumar et al., 2001; Kaminek et al.,
2003) or by making use of the senescence induced
increase in cytokining in transgenic lines, using the
pSAGI2:0IPT construct (Daskalova er al., 2002).

No such effects on morphology and agronomic
performance  could be  observed in  the present
investigation. Xi ef al. (2004) also reported such similar
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findings. They did not see transgene expression and
enhancement of  cytokinin @ levels in  leaves.
Daskalova er al. (2002) have reported an increase in grain
yield in transgenic wheat by expressing ipt gene under
the regulation of SAGI2 promoter.

Endogenous cytokinin  levels and senescence:
Normally, leaf senescence is  associated  with
downregulation of cytokinin  biosynthetic gene like
ipt and cytokinin synthase and  up-regulation of
cytokinin degradative enzymes like cytokinin oxidase
(Buchanan-Wollaston er al., 2005). Therefore, leaf
senescence 1s characterised by a decrease in the amount
of cytokinins, especially of the zeatin type (Banowetz,
1997), Developmental targeting of i gene during
senescence 1s reported to cause an increase in the
concentration of cytokinins at the onset of senescence
resulting in delayed senescence in plants like tobacco
(Gan and Amasino, 1995; Jordi et al., 2000) and lettuce
(McCabe et al., 2001). There have been reports of delayed
senescence caused by similar strategy in other plants like
broccoli (Chen et al., 2001) and maize (Robson er al.,
2004), even though no enhancement of cytokinin content
have been reported. The transgenic lines in the present
study which contained the ipr gene under the control of
senescence enhanced promoter from maize did not result
in delaying of senescence.

Such lack of effects on leaf senescence in transgenic
lines in present investigation may be due to the poor
expression or complete lack of transgene expression
caused by either the use of a weak promoter, or by partial
or complete silencing of the transgene. The results of RT-
PCR show either a weak expression (in three plants of line
A-87) or no expression of the transgene (in rest of the
lines from A-87 and all plants from A-10) in T2 plants
indicating the possible involvement of similar mechanisms
in the lack of delayed senescence phenotype in the
transgenic lines in present investigation. The studies on
transgenic wheat expressing pSAG12-ipt (Xi er al., 2004)
also could not find any effect on senescence. Even the
studies reporting a distinct phenotypic effects in different
monocot species like rice (Lin er al., 2002) and maize
(Robson et al., 2004; Young er al., 2004) have either not
mentioned anything about the extent of enhancement in
cyvtokinin content (Robson et al., 2004; Young et al., 2004)
or found no significant change in cvitokinin content
(Lin et al., 2002). These facts make it difficult to make
direct comparisons of the effects of such systems in
different monocots and that in present investigation,

In the present work transgenic wheat with ipt under
the control of senescence enhanced promoter were
produced. However, no clear delayed senescence effect
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except some effects on chlorophyll partitioning in
transgenic lines could be observed. Young er al. (2004)
also had reported similar findings in transgenic maize lines
expressing pSAGI 2-ipt. They had reported however, other
phenotypic effects like inhibition of pistil abortion
indicative of the effect of elevated cytokinin levels.
Findings of Xi er al. (2004) in wheat are also consistent
with that of the present study. The lack of delayed
senescence effect of the transgene in the present case
may be due to low level of expression or complete lack of
expression caused by the use of a weak promoter or by
partial or complete silencing of the transgene.
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