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Abstract

A diverse population was generated through induced mutation with an objective to develop
drought tolerant wheat genotypes. Population was first accesses for genetic diversity through
random amplified polymorphic DNA and then investigated for drought tolerant through sequence
tagged sites technique. A total of 100 alleles were amplified with 15 random primers out of which
78 % were polymorphic and 22 % were monomorphic. Fragments size ranged from 198bp-
1.842kbp and fragments produced by various primers ranged from 2-13 with an average of 7.4
fragments per primer. Genetically most similar genotypes were SMP1 and KMP4 (95.2%) followed
by TMP3 and TMP4 (94.9%) while most dissimilar genotypes were SMP5 and KMP2 (55.8%). On
the basis of results achieved, the varieties could be divided into four clusters. Of eighteen, eleven
genotypes amplify the DREB F1R1 fragment. Fourteen genotypes tagging the specific sites in the
wheat genome with F2R2 and thirteen genotypes were amplified with F3R3 (DREB sequence).
Wheat DNA amplification with DREB gene yields 190-220bp bands with F2R2 and F3R3 whereas
FIR1 yields 1.9-3.0 kb.

Introduction

Wheat (Triticum aestivum L.) is a major cereal, which is cultivated under irrigated
rain-fed conditions on 19% and the area near the tail end of canals where shortage of
water is often experienced. The rain-fed area alone covers about 1.50 millions hectares,
which is one fifth of the total area of cultivation in Pakistan. National yield average in
Pakistan is 2.5 t/ha (Anon., 2006-07). During 2007-08, wheat was cultivated on an area
of 8414 thousand hectares showing 1.9% decrease over last year area of 8578 thousand
hectares. During the Rabi season the canal head withdrawals decreased by 10.5%, as it
remained at 27.93MAF compared to 31.18MAF during the same period of last year. The
average yield of wheat was decreased by 6.6% as compare to 2006-07 and 9.4% less than
the target for this year. This was because of 23.3% shortage of irrigation water. This
creates the gap between production and demand thus, enforcing wheat import to fulfill
the country requirement (Anon., 2007-08). The imbroglio necessitates addressing the
drought problem as a front line task for the wheat improvement. The best answer to this
problem is drought tolerant wheat genotype.

Drought is the stress that has adverse effect on the growth of the plants and crop
yields. The physiological response to this stress arises from the changes in the cellular
gene expression profile, and a number of genes are induced by exposure to such
conditions (Shinozaki & Yamaguchi, 2000). The constraints with the conventional
breeding approaches are complexity of drought traits (Zhang, 2004) with low genetic
variance of yield component under stress conditions, which make it, very difficult due to
lack of the proper screening procedure (Alan, 2007) and absence of suitable genetic
model systems. Hence breeders are extremely interested in new technologies that could
make this procedure more efficient.
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Selection of wheat varieties is always challenging and understanding of the
genotyping characteristics and relationships of the germplasm is still very limited, which
stuck their effective exploitation. Traditionally, the varietals selection is based only on
morphological features hence, polygenic characters were very difficult to analyze thus,
such constraints can be overcome by using molecular marker assisted selection for trait of
interest (William et al., 2007). Techniques which are particularly promising in assisting
selection for desirable characters involves the use of molecular markers such as random
amplified polymorphic DNA (RAPD) and sequence tagged sites (STS) (Yang-Dong et
al., 2003; William et al., 2007). The random amplified polymorphic DNA (RAPD)
technology provides a powerful tool for the selection of genetic variation of
population/organisms (Williams et al., 1990) while sequence tagged sites (STS) is a short
stretch of genomic sequence that are used as landmarks in genome mapping (Saiki et al.,
1985). The specific objective of this study was to screen the wheat genotypes mutants for
drought tolerance, developed through induced mutation.

Materials and Methods

Plant material: Fifteen mutants of wheat were selected from different doses of gamma
rays i.e. 50Gy, 100Gy, 150Gy, 200Gy and 250Gy along with their parents Sarsabz,
Kiran-95 and TD1. Seeds of 18 wheat mutants/varieties (Table 1) were grown in bowls at
control condition and seedlings were harvested after 15 days.

DNA extraction through MATAB Method: DNA was extracted from fresh leaves of
wheat genotypes using MATAB method. Fresh leaves (3g) were grounded in liquid
nitrogen; MATAB buffer (20ml) was placed in a 50ml falcon tube, grounded material
was transferred in MATAB solution (Tris-HCI pH 8.1, ethelenediaminetetra acetic acid
(500mM) Sodium Chloride (5M), MATAB (10g), PEG-6000 (5g) and sodium sulphite).
Incubate the mixture at 74°C for 30 minutes and then cooled at room temperature. Equal
amount of chloroform isoamyl alcohol (CIAA) (24:1) was added in the cool mixture and
mixed by inversion 100 times. The mixture was then centrifuged at 4000 rpm for 30
minutes. The supernatant was poured into a new clean falcon tube which is already
containing 20ml CIAA, mixed the sample and then again centrifuge at 4000 rpm for 30
minutes. Supernatant containing DNA was collected in the separate 50ml falcon tube
containing 20ml of absolute isopropanol. Collected the DNA with pasture pipette.
Transfer the DNA in 2.0 ml Eppendrof tube. Ethanol 70% was used to wash the pellet
and the DNA samples were then hydrated with 1000ul of TE buffer.

The concentration of the DNA was measured with spectrophotometer at absorbance
260/280 nm. The quality of DNA was checked on 0.8% agarose gel.

PCR with random primers: For RAPD analysis, the PCR reaction was carried in 25pul
reaction mixture containing 1uM of primer (Gene link) in 1x reaction buffer, 0.33mM of
each dNTPs, 2.5mM MgCl,, 0.1u/pl of Taq polymerase and 2.6ng/ul of template
(Genomic DNA) were used for the amplification of DNA. The amplification reaction was
performed in the Eppendorf Master Cycler with an initial denaturation for 5 minute at
94°C, then 33 cycles: 1 minute denaturation at 94°C; 1 minute annealing at 40°C; 2
minute extension at 72°C. Final extension was carried out at 72°C for 10 minute.
Amplified products were analyzed through electrophoresis on 1.5% agarose gels
containing 0.5 x TBE (Tris Borate EDTA) and 0.5pug/ml Ethidium bromide to stain the
DNA. Gel electrophoresis at 72 volts for 2 hours and photograph was taken under UV
light using gel documentation system.
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Table 1. Mutants/parent varieties released from different doses of
gamma rays employed in the study.

S.No. Mutant/verities Dose (Gy) S.No. Mutant/verities Dose (Gy)

1. Sarsabz (parent) Control 10 KMP3 150

2. SMP1 50 11 KMP4 200

3. SMP2 100 12 KMP5 250

4. SMP3 150 13 TDI (parent) Control
5. SMP4 200 14 TMP1 50

6. SMP5 250 15 TMP2 100

7. Kiran-95 (parent) Control 16 TMP3 150

8. KMP1 50 17 TMP4 200

9. KMP2 100 18 TMP5 250

PCR with specific (DREB) primers: National Center for Biotechnology Information
(NCBI) website was used to obtain the EST nucleotide sequences of model plant
Arabidopsis thaliana for drought tolerance (DREB2) expression and three sets of primers
of 18-nucleotide base pair was designed using a primer design software ‘Primer3’ for the
selection of drought tolerant genotypes through STS (Olson et al., 1989). PCR reaction
was carried out in 25ul reaction mixture containing 2.6ng of template (Genomic DNA),
2.5mM MgCl, 0.33mM of each dNTPs, 2.5U of Taq polymerase and 0.25uM of each
primer in a 1X PCR reaction buffer. The amplification reaction was performed in the
Eppendorf Master Cycler with an initial denaturation for 4 minutes at 94°C, then 30
cycles: 1 minute denaturation at 94°C; 2 minute annealing at 55°C; 3 minutes extension at
72°C. Final extension was carried out at 72°C for 7 minutes. Amplified products were
analyzed through electrophoresis on 1.5% agarose gels containing 0.5X TBE (Tris Borate
EDTA) and 0.5pg/ml ethidium bromide to stain the DNA. Gel electrophoresis at 72 volts
for 2 hours and photograph was taken under UV light using gel documentation system.

Data analysis: Data was scored as presence of band as (1) and absence of bands as (0)
from RAPD and STS of amplification profile. Coefficient of similarity among cultivars
was calculated according to Nei & Li (1979). Similarity coefficient was utilized to
generate a dendrogram by means of Unweighted Pair Group Method of Arithmetic means
(UPGMA).

Results and Discussion

STS analysis: Specific primers corresponding to DREB2 sequences were used to screen
the 15 mutants and their parents for drought tolerance. Primer F1IR1 (DREB sequence)
(Fig. 4) amplified the eight mutants with parents viz. Sarsabz, SMP1, SMP2, SMP3,
SMP4, Kiran-95, KMP1, KMP2, KMP3, KMP4 and TDI, DNA amplification with
DREB sequence yields 2.1 to 1.6 kbp bands whereas Sarsabz, SMP1, SMP3, SMP4,
SMPS5, Kiran-95, KMP1, KMP4, KMP5, TMP1, TMP2, TMP3, TMP4, TMPS5 amplified
with the primer F2R2 (DREB sequence) (Fig. 5) which yields 190-200bp bands. Of 18,
thirteen mutants/varieties viz. Sarsabz, SMP2, SMP3, SMP4, Kiran-95, KMP1, KMP2,
KMP4, KMP5, TMP1, TMP3, TMP4 and TMP5 tagging the specific gene (F3R3)
responsible for drought tolerance in the genome. DNA amplification with DREB
sequence yields 214bp bands (Fig. 6). The presence and absence of bands indicates the
variation in sequence of wheat genome due to mutation. A number of the polygenic loci
for candidate gene have been identified in a numbers of the plants. The DREB2 genes are
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involved in drought-responsive gene expression (Liu et al., 1998; Nakashima &
Yamaguchi, 2005) and a great number of cDNA encoding DREB transcription factors
have been identified in various plants, such as AtDREB in Arabidopsis, OsDREB in rice,
TaDREBI1 in wheat and GmDREB in soybean (Liu et al., 1998; Dubouzet et al., 2003;
Shen et al., 2003; Li et al., 2005). Tagging of useful genes like the ones responsible for
conferring the resistance to plant, synthesis of plant hormone and drought tolerant genes,
is a major target for enhancing crop productivity (Lopez et al., 2003). Gene tagging is
very useful for detecting the presence of desire gene in the new ideotypes for effective
and meaningful selection (Semagn et al., 2006). The very first report on gene tagging
were from tomato (Paterson et al., 1988; Williamson et al., 1994), availing the means for
identification of markers linked to gene involved in several traits like water use efficiency
(Martin et al., 1994), leaf rust resistance genes Lr9 and 24 (Schachermayr et al., 1995).
Xiao et al., (1997) reported the utility of RFLP markers in identifying the trait improving
QTL alleles from wild rice relative O. rufipogon. Involvement of diverse genome in
breeding programme is therefore, important not only to widen the crop genetic base but
also to introgress useful gene (s) for yields, quality and stability (Svetlana et al., 2007).

Plant improvement, either by natural selection or through efforts of breeders has
always relied upon creating, evaluating and selecting the right combination of alleles.
With the use of molecular marker it is now easy to trace valuable allele in a segregating
population (Svetlana et al., 2007). Drought tolerant alleles (DREB2) developed in this
study produced clear, strong, reproducible signals, which is easy to score in a segregating
population.

RAPD analysis: Genomic DNAs of 18 wheat mutants/varieties (Table 1) produced
multiple fragments with ten base arbitrary primers. Of 40 primers 15 were able to amplify
the genomic DNA. The total number of 100 alleles were amplified, out of which 78 (78
%) were polymorphic and 22 (22 %) were monomorphic (Table 2). Size of the alleles
ranged from 198bp to 1.842kbp (Figs. 1, 2, 3). Maximum 13 alleles were amplified with
primer A-17 and minimum two were amplified with primer A-20. Moreover, the
amplification of monomorphic loci is depicting sharing of common blood among the
genotypes (Asif et al., 2005). RAPD method has the potential for fingerprinting at
molecular level and more efficient selection of genotypes for crossing and enhancing
wheat breeding strategies (Li et al., 2005).

Primer-A-17 (Fig. 2) amplified thirteen alleles were polymorphic, which ranged
between 222 bp-1.4 kb. All mutants with their parents contain alleles of 1.211kb, 818bp
and 406bp except mutant SMPS5. Only mutant KMP3 contain a specific allele of 930bp
whereas SMP3 mutant containing another specific allele of 560bp. Sarsabz, Kiran-95,
TDI1 parents did not contain 300bp allele. However SMP1, SMP3 and SMP4 contain
allele of 222bp.

Primer B-10 (Fig. 3) amplified 7 alleles in which 4 were polymorphic and three were
monomorphic (1.37kb, 645bp & 252bp), with the range of 252bp-1.4kb. All mutants and
parents contain alleles of 832bp and 500bp except mutant KMP2. Some specific RAPD
markers have been also observed. Mutants SMP3 and KMP2 contain a specific allele of
436bp. KMP2, KMP3, TD1, TMP3 and TMP4 contains a different allele of 395bp.

There were 06 segments amplified using primer A-03 (Fig. 1) in 15 mutants with
parents in which four were polymorphic and 2 monomorphic (968 bp and 726bp). All
mutants and parents contain alleles of 1.018kb and 998bp except mutant SMP5.Band 456
disappeared in Sarsabz, SMP2, SMP3, SMP5 KMP3 and KMPS5, whereas band 396bp
disappeared in Sarsabz, KMP2, KMP3, KMPS5 indicating the specificity of genotype.
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Table 2. Sequence of the primers for wheat RAPD study.
Polymorphic Monomorphic Total no. of

Primer Primer sequence

loci loci loci

A-02 TGCCGAGCTG 07 - 07
A-03 AGGGGTCTTG 04 02 06
A-04 AATCGGGCTG 02 01 03
A-08 GTGACGTAGG 04 01 05
A-10 GTGATCGCAG 04 02 06
A-13 CAGCACCCAC 06 03 09
A-15 TTCCGAACCC 10 e 10
A-16 AGCCAGCGAA 05 02 07
A-17  GACCGCTTGT 1 2 13
A-20  GTTGCGATCC 01 01 02
B-05 TGCGCCCTTC 03 01 04
B-07 GGTGACGCAG 03 01 04
B-10 CTGCTGGGAC 05 03 08
B-17 AGGGAACGAG 06 02 08
B-19 ACCCCCGAAG 05 03 08
78 (78 %) 22 (21 %) 100

M 1 2 3 4 5 6 7 2 9 10 11 12 13 14 15 16 17 18 B

5000 bp
4072 bp
2036 bp

1636 bp 1.018kb

998hp

1012 b
L 958hp

726hp
456bp
396bp

6 bp
396 b

Fig. 1. Amplification profile of eighteen wheat genotypes with primer A-03 by RAPD-PCR.
M=1kb (DNA marker), 1=Sarsabz 2=SMP1, 3=SMP2, 4=SMP3, 5=SMP4, 6=SMP5, 7=Kiran-95,
8=KMP1, 9=KMP2, 10=KMP3, 11=KMP4, 12=KMP5, 13=TD1, 14=TMPI1, 15=TMP2,
16=TMP3, 17=TMP4, 18=TMP5, B=Blank

. 930bp

121 ¥hn
212 hp

. v

e — 406 bp

300 by

222bp
Fig. 2. Amplification profile of eighteen wheat genotypes with primer A-17 by RAPD-PCR.
M=1kb (DNA marker), 1=Sarsabz 2=SMP1, 3=SMP2, 4=SMP3, 5=SMP4, 6=SMP5, 7=Kiran-95,
8=KMP1, 9=KMP2, 10=KMP3, 11=KMP4, 12=KMP5, 13=TD1, 14=TMP1, 15=TMP2,
16=TMP3, 17=TMP4, 18=TMP5, B=Blank
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Fig. 3. Amplification profile of eighteen wheat genotypes with primer B-10 by RAPD-PCR.
M=1kb (DNA marker), 1=Sarsabz 2=SMP1, 3=SMP2, 4=SMP3, 5=SMP4, 6=SMP5, 7=Kiran-95,
8=KMP1, 9=KMP2, 10=KMP3, 11=KMP4, 12=KMP5, 13=TD1, 14=TMPI1, 15=TMP2,
16=TMP3, 17=TMP4, 18=TMP5, B=Blank.

Fig. 4. Result of STS-PCR with DREB sequence (F1R1) M=DNA marker (1kb), 1=Sarsabz 2=SMP1,
3=SMP2, 4=SMP3, 5=SMP4, 6=SMP5, 7=Kiran-95, 8=KMP1, 9=KMP2, 10=KMP3, 11=KMP4,
12=KMPS5, 13=TDI, 14=TMP1, 15=TMP2, 16=TMP3, 17=TMP4, 18=TMPS5, B=Blank.

i 1 =2 = < ) =} T = = 10 11 12 1% 14 15 1éa 17 12 B Il

Fig. 5. Result of STS-PCR with DREB sequence (F2R2) M=DNA marker (1kb), 1=Sarsabz
2=SMP1, 3=SMP2, 4=SMP3, 5=SMP4, 6=SMP5, 7=Kiran-95, 8=KMP1, 9=KMP2, 10=KMP3,
11=KMP4, 12=KMP5, 13=TDI1, 14=TMPI1, 15=TMP2, 16=TMP3, 17=TMP4, 18=TMPS5,
B=Blank.

Fig. 6. Result of STS-PCR with DREB sequence (F3R3) M=DNA marker (1kb), 1=Sarsabz 2=SMP1,
3=SMP2, 4=SMP3, 5=SMP4, 6=SMP5, 7=Kiran-95, 8=KMP1, 9=KMP2, 10=KMP3, 11=KMP4,
12=KMPS5, 13=TDI, 14=TMP1, 15=TMP2, 16=TMP3, 17=TMP4, 18=TMP5, B=Blank.
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Seven bands were amplified by primer A-02 which was polymorphic, ranged
between 258 bp-1.1 kb while 10 bands were amplified with primer A-15. Primer A-04,
A-10 and A-13 produced 66.67% polymorphic alleles and 33.33% monomorphic alleles,
with the range of 400bp-2.5kb, 617bp-3.9 and 220bp-1.78kb. Primer B-19, 8 bands were
amplified, in which five were polymorphic and three monomorphic, size ranged between
275bp-1.936bp. With the primer B-05, primer B-07 and primer B-17 produced 75%
polymorphic alleles. Primer A-08 amplified five bands, four were polymorphic and one
was monomorphic, size ranged between 328bp-2.0kb. Primer A-20 amplified two bands
in which one was monomorphic (1.96kb). Primer A-16 amplified seven bands, five were
polymorphic and two were monomorphic, size ranged between 345bp-2.0kb (Table 2).

The RAPD data revealed that genetically most similar mutants were SMP1 and
KMP4 (95.2%) followed by TMP3 and TMP4 (94.9%) while most dissimilar mutants
were SMP5 and KMP2 (55.8%) (Table 3) The close genetic relationships are quite
alarming and may impede further plant improvement. It has been very well documented
that plant improvement is based on the information about the genetic relationships among
accessions within and between species (Thormann et al., 1994).

On the basis of dendrogram, the varieties could be divided into four clusters,
designated A through D (Fig. 7). Cluster ‘A’ comprising of TMP3, TMP4 and KMPI.
Cluster B contained predominantly Kiran-95 and TMP1 showing more genetic similarity
among each other and cluster C contained SMP3, SMP4, Sarsabz and TD1. Cluster D
consisted of SMP1, KMP4, SMP2, KMP5 and KMP2. Cluster A, B and C with distinct
mutants TMP2 and KMP3 forming one group which are designated as group ‘One’.
Whereas, cluster D forming second group. TMP5 and SMP5 were found genetically
distinct to all other mutants/varieties (dissimilarity i.e. 27.3% and 37% respectively).
Mutant KMP3, TMP2, TMP5 and SMP5 did show some peculiarity and it will be
examine in the field closely for there agronomical and morphological distinctness. The
distinct mutants was out come of the mutation breeding Kiran-95 mutant (KMP3) was
out come of 150Gy radiation doses and TMP2 and TMP5 (100 & 250Gy) was irradiated
with gamma rays. However Sarsabz mutant (SP5) was result of 250Gy. While, 50 and
200Gy irradiated doses did not produce any mutant among three selected varieties. This
showed that mutation breeding have the potential to create new ideotypes which can be
useful for enhancing the crop productivity.

The results revealed that all selected mutants of 50Gy showed more than 75-96%
similarity. Population of 250Gy exhibited 20-44.2% dissimilarity, which is a highest
polymorphism in the mutated population of Sarsabz, Kiran-95 and TDI. Irradiation dose
of 200Gy gave 20% genetic variability while 7% genetic variants were observed in 100
and 150Gy. Two mutants of 250Gy occupying a distinct place in dendrogram. This may
be due to enhancing effect of high doses (Alikamanoglu, 2002). In the present study it
was observed that 250Gy generate more variation than 100 and 150Gy.

It is extremely important to study the genetic composition of the germplasm of existing
modern-day cultivars in comparison with their ancestors and related species. This will not
only provide information on their phylogenetic relationship but will also indicate a chance
of findings new and useful genes, as the accessions with most distinct DNA profiles are
likely to contain a greater number of novel alleles (Messmer et al., 1992).

The results provide valuable information for fingerprinting at molecular level and
more efficient selection of genotypes for crossing and enhancing wheat breeding
strategies that will maintain the steady genetic improvement.
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Fig. 7. Dendrogram of fifteen wheat mutants and three parents developed from RAPD data using
un-weight pair group method of arithmetic means (UPGMA).
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