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Abstract 
A major QTL called ‘Saltol’ on rice chromosome 1 has been identified as linked to 
salinity tolerance traits of the landrace, Pokkali. A genomic library of Pokkali rice 
variety was constructed in bacteriophage Lamda Fix II with 20 kb inserts. 
Plaques containing genes implicated to salt tolerance have been identified using 
probes homologous to S-Ad methionine synthetase (SAM) and cation chloride 
co-transporter after two rounds of hybridization. Clearly demarcated plaques of 
the two clones of interest have been lifted out for DNA isolation and subsequent 
characterization to be followed by subcloning into TAC vectors for 
Agrobacterium-mediated transformation of large genomic fragments into sensitive 
rice. 
 
Introduction 
Rice is the most important food crop of the world (Cantrell and Reeves 2002). 
The production of rice should increase by at least 40% in the next 25 years to 
keep pace with the growing world population. Minimization of the loss caused 
by biotic and abiotic environmental factors not only can help improve net 
production but extend rice cultivation in marginal and noncultivable lands 
(Tyagi and Mohanty 2000,  Khush 1999).  In Bangladesh,  out of a total cultivable 
area of nine million ha, about one million hectares in the coastal area is affected 
by salinity, which is more pronounced during the dry season (Lisa et al. 2004). 
Traditional breeding approaches have been inefficient principally due to the 
difficulty of (a) recovering elite genotypes with salt tolerance traits, (b) the 
genetic complexity of salt tolerance and (c) the strength of genotype × 
environment interactions.  
 There are very few donors for salt tolerance traits in rice genotypes, 
including wild rice. Among lowland rice genotypes, the indica varieties, Pokkali 
and Nona Bokra are classified as highly tolerant on the basis of various 
physiological parameters (Akbar et al. 1986a).  Genetic studies have revealed that  
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salt tolerance of these two varieties is principally due to additive gene effects 
(Akbar et al. 1986b). The Pokkali cultivar is highly salt-tolerant and low-yielding 
despite producing vigorous seedlings (Senadhira et al. 1994) and is commonly 
grown in coastal areas of Kerala, India. It is a traditional, tall, photoperiod-
sensitive rice cultivar that is susceptible to lodging and has low tillering capacity 
and long, broad, dark green and droopy leaves. The leaves senesce quickly after 
flowering. The grain has red pericarp and poor cooking quality (Gregorio et al. 
2002). Photosynthesis, stomatal conductance, and transpiration were measured 
for Pokkali and IR29 seedlings after addition of 150 mM NaCl. Photosynthesis 
decreased within minutes and stabilized within 30 min at one tenth of the pre-
stress level in Pokkali. The decrease was paralleled by decreased stomatal 
conductance and transpiration rates, indicating limited CO2 assimilation due to 
stomatal closure. According to Kawasaki et al. (2001) under long term salt stress, 
Pokkali continued to grow at a low photosynthetic rate; after seven days of salt 
stress, plant biomass had approximately doubled.  
 Some progress has been made to transfer salinity tolerance from traditional 
donors such as Pokkali to modern high yielding varieties, but the complexity of 
the trait has proven challenging to breeders (Gregorio et al. 2002, Flowers and 
Flowers 2005). Since most of the tolerant landraces are low-yielding varieties 
with numerous undesirable traits, a novel breeding approach is needed to 
rapidly transfer high levels of tolerance of landraces into high yielding breeding 
lines while at the same time avoiding negative linkage drag (Young and 
Tanksley 1989). Marker-assisted breeding (MAB) has been recently adopted to 
improve the power and efficiency of breeding programs. Introgression of salt 
tolerance traits of Pokkali (subspecies indica) into popularly grown indica 
varieties of South and South-East Asia is difficult even with MAB, because of 
extremely low marker polymorphism. These difficulties could be overcome by 
the use of gene-based or gene-flanking markers. 
 A major QTL designated 'Saltol' was mapped on chromosome 1 using a 
population generated from a cross between the sensitive rice variety IR29 and the 
tolerant landrace, Pokkali. This QTL accounted for more than 40% of the varia-
tion in salt uptake in this population (Bonilla et al. 2002). Subsequent results from 
our laboratory have shown that a large 5 cM region of the rice chromosome 1 is 
linked to salinity tolerance traits (Elahi et al. 2004) such as low Na+/K+ ratio. This 
ratio has been correlated positively with salt tolerance (Bohra and  Dorffling 
1993, IRRI 1996, Lee et al. 2003).  Many genes in the saltol loci have the potential 
to confer salt tolerance, for example, homologues of the SKC1 gene identified in 
Nona Bokra (Ren et al. 2005), the cation-chloride co-transporter, stress-inducible 
membrane pore protein, universal stress protein ER6, Myb-like transcription 
factor, methionine synthetase,  protein kinase, etc. (Thomson et al. 2007).  
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 These genes could be targeted for designing gene-based markers. It would 
also be useful to be able to obtain clones of these genes for direct transformation 
into sensitive varieties to see their effect on conferring salt tolerance. Therefore, 
the current work describes successful production of a genomic library of Pokkali 
and identification of specific clones in the Saltol locus. The bacteriophage lambda 
vector used contained a Not I site, so that if necessary, genes with their promoters 
could be sub-cloned into the transformation-competent binary vector TAC (Qu  
et al. 2003) for insertion of large fragments into sensitive rice cultivars.  
 
Materials and Methods 
The accession number of Oryza sativa L. var. Pokkali used was: IRGS # 108921, 
tolerance score 5 (provided by IRRI). Stratagene Lambda Kit used was:  (a) 
Lambda FIX® II/Xho I Partial Fill-In Vector Kit. Catalogue #248712 (Xho 
I/Gigapack® III XL Packaging Extract) and  (b) Klenow Fill-In Kit (Catalogue 
#200410).                                                
 Preparation of the insert DNA: About 4 - 6 gm leaf tissues were ground in 
liquid nitrogen and high molecular wt. DNA (~30 - 50 Kb) of Pokkali isolated by 
the CTAB method (Doyle and Doyle 1990), with some modifications). After 
precipitation of the DNA in ice cold isopropanol, long strings of DNA were 
spooled out to obtain high molecular wt. DNA. Each step was handled very 
gently to avoid shearing of DNA.  
 Partial digestion was successfully done with Sau3A according to the 
Stratagene manual with some modifications. Pilot digestion was performed with 
small amount of DNA to optimize the enzyme concentration and for the pilot 
reaction, 2.5 µg of DNA were mixed with 10 × NEB Sau3A l buffer, 10mg/ml  
BSA and 0.1 U/µl Sau3A enzyme in several tubes. The digestion was incubated 
at 370C for 10, 20, 30, 40, 50 and 60 minutes. To stop the digestion reaction, 
loading dye (containing EDTA and SDS) was added. The full scale digestion was 
carried out with 50 µg DNA in 10 to 15 tubes, each containing 5 µg of DNA                    
(Fig. 1) and 2×  of all digestion components compared to the pilot reaction. 
 Pulse field gel electrophoresis was used to check the partial digestion 
products of 9 - 23 kb in 1% agarose gel (Bio-Rad Chef DRTM lll-chiller). PFGR run 
conditions were: Pumping 80; Initial Pulse, 5 sec; Final Pulse, 15 sec; Volt, 
5V/cm; Run time, 16 h; and Pumping temperature 14ºC.  
 In order to ligate the digested insert DNA to the Lambda Fix II vector, it was 
important to fill-in the first two nucleotides which was carried out using 
Stratagene’s Klenow Fill-In kit. Pooled 50 µg genomic insert DNA was purified 
by ethanol precipitation after partial digestion, mixed with 10 × fill-in buffer (60 
mM Tris-HCl: pH 7.5, 60 mM NaCl, 60 mM MgCl2, 0.5% gelatin, 10 mM 
dithiothreitol, DTT), 10 mM dATP, 10 mM dGTP, 5U/µl Klenow enzyme and, 
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incubated at 22ºC for the partial fill-In reaction. The mixture was dissolved in    
10 × STE buffer (1M NaCl, 200 mM Tris-HCl: pH 7.5, 100 mM EDTA) and then 
purified with phenol-chloroform and ethanol precipitation. DNA was then 
dissolved in 25 µl TE Buffer (10 mM Tris-HCl: pH 7.5, 1 mM EDTA). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Optimization of partial digestion of 5 and 10 µg DNA by PFGE system.                      
Lane 1: Low range PFGE marker, NEB. Lane 2: Lambda Hind lll, EcoRl marker. 
Lane 3: 5 µg Undigested DNA. Lanes 4-6: 5 µg digestion at 20, 30, 40 min time 
point. Lane 7: Lambda Hind lll marker. Lane 8: 10 µg undigested DNA. Lanes 9-
11: 10 µg DNA digestion at 20, 30, 40 min time point. 

 

 Ligation of the insert DNA to lambda Phage DNA: It is suitable to clone large 
fragments of genomic DNA in Lambda Fix II replacement vector (Fig. 2). The 
Lambda Fix II system takes advantage of spi (sensitive to P2 inhibition) selection 
and only recombinant phages can grow on the XL1-Blue MRA (P2) strain 
(Stratagene manual). The first two nucleotides of the Xho I-predigested Lambda 
Fix II vector was already filled in with dCTP and dTTP, leaving 3’-CT-5’ 
overhangs. 
 An equal molar ratio of the Sau3A-digested insert was used with the Lambda 
Fix II vector. To ligate 20 kb inserts to the lambda vector, 0.4 µg of insert for 
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every 1 µg of vector was used. The ligation mixture contained 1.0 µl of the 
Lambda Fix II vector, 0.4 µg insert, 0.5 µl of 10 × ligase buffer (New England 
Biolabs, Inc.), 0.5 µl of T4 DNA Ligase (20,000 Units, NEB), up to 5 µl with 
ddH2O. The ligation was incubated at 160C overnight.  
 
 
 
 
 
 
 

Fig.  2.  Lambda Fix ll vector. 
 

 Packaging: The recombined DNA was packaged using Stratagene Gigapack 
III XL packaging extract, which is a size-selective packaging extract for fragments 
around 20 kb. In the packaging extract 2.5 µl of the ligated DNA was added and 
gentle pipetting done. The tube was incubated at room temperature (22ºC) for 1.5 
to 2 h after which 500 µl of SM buffer (5.8 g of NaCl, 2.0 g of MgSO4. 7H2O , 50.0 
ml of 1 M Tris-HCl: pH 7.5, 5.0 ml of 2% gelatin, ddH2O up to 1 liter) was added. 
20 µl chloroform were added to prevent growth of other bacteria and the tube 
centrifuged. The supernatant containing the phage was ready for titering. The 
tube was stored at 40C.   
 Transfection:  The recombinant lambda phages can grow only in strains 
lysogenic for P2 such as XL1-Blue MRA (P2). The bacterial glycerol stock was 
used to streak NZY agar plates according to the manual and incubated overnight 
at 370C. Bacteria from a single colony were needed to obtain log phase culture 
and bacteria pelleted and re-suspended with 10 mM MgSO4 according to the 
manual and used immediately.  
 Different dilutions i.e. 1 : 100 (10-2), 1 : 10000 (10-4), 1 : 1000000 (10-6) and 1 : 
100000000 (10-8) of the final packaged reaction in SM buffer were prepared. From 
each dilution 10 µl of packaging extract was added to 200 µl of bacterial cells. The 
phage and the bacterial mix were incubated together at 370C for 15 - 20 min to 
allow the phage to attach to the cells and inject DNA. 3 - 3.5 ml of NZY top agar 
(NZY broth with 0.7% agarose) (48ºC) were added to each culture tube and the 
mixture was poured onto NZY agar-rich plates, which were incubated at 37oC 
until plaques appeared. Each plaque contained phages derived from a single 
infecting phage.  
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 The concentration of the phage lysate was determined in number of pfu/ml 
(pfu-plaque forming unit) from plates labeled according to the dilution. The 
formula used to determine the titer was:  
   (Number of plaques (pfu) × Dilution factor) × 1000 µl/ml 
                            Volume plated (µl) 
 Library amplification and plating: The titer of the library was determind to 
know how much volume of the library could be plated on one large plate. From 
the titer it was calculated that 85 µl of packaged library with 400 µl host bacteria 
and 6 µl top agarose would yield 5 × 104 pfu (40,000 - 50,000 plaques) per large 
plate. Five large plates were required to plate out the whole library to cover the 
whole rice genome of 450 Mb at least three - four times. Therefore, the whole 
library was amplified by the host bacteria XL1-Blue MRA (P2) once in five large 
150 mm plates. 
 Each large plate was labeled with a designation; i.e., 1, 2, 3, 4, 5. The plates 
were chilled at 40C for around two hours to one day. This helped keep the layer 
of top agarose from being removed from the plate’s agar layer when the filter 
membranes were peeled off. A series of 150 mM Hybond N filters were labeled 
in pencil using gloved hands with the same designation as the plates. Care was 
taken to avoid bubbles under the filter disc. The membranes were marked 
asymmetrically by poking three holes through the membrane into the agar using 
permanent India ink. After 1 - 2 min, a pair of blunt ended forceps were used to 
peel the membrane from the plate. These membranes were allowed to dry for 15 
min to 1 h on Whatman filter paper (facing plaque side up). Another membrane 
was plaque lifted in the same way from the same plate (designated #1B), which 
was a replica of the first membrane. The ink mark of the replica was in the same 
asymmetric direction as the first membrane. 
 Hybridization: Three solutions were used for washing of membranes after air 
drying, denaturation solution (1.5 M NaCl, 0.5 M NaOH), neutralization solution 
(1.5 M NaCl, 0.5 M Tris-HCl: pH 8.0), buffer solution (2 × SSC). Each membrane 
was incubated and processed in a stepwise fashion; i.e., denaturation 2-5 min, 
neutralization 2 - 5 min and 2× buffer solution 2 - 5 min with occasional gentle 
shaking. For each membrane fresh solution was used. After washing, the 
membranes were dried again and placed on a piece of paper toweling, wrapped 
in aluminium foil, before crosslinking the DNA on to the membranes using a UV 
crosslinker.   
 Two probes were used to screen the genomic library. The probes were: (a) 
cation chloride co-transporter (475 bp) and (b) S-Ad methionine synthetase 
(SAM) (500 bp). Primer sequences of cation chloride co-transporter (were: 
forward: 5’-GTGAGGGATGGAGGATTGAT and reverse: 5’-GTGCCTAGGA 
TAGTA GCG TTC). Primer sequences of SAM (were: forward: 5’-
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ATCTCCACCCA GCACGA TGA and reverse: 5’-AAGCCGCCGTCTTCAGG 
TAG). Primers for these probes were designed from the Nipponbare database 
sequence. These probes were used to amplify Pokkali DNA by PCR and 
sequenced for confirmation of the right product.   
 The PCR product of cation chloride co-transporter was used as a probe to 
hybridize the whole library at first. The membranes were washed at room 
temperature by using 2× SSC buffer one by one in a plastic Rubbermaid 
container. Two membranes were hybridized in one hybridization cylinder in a 
volume of 20 ml. Hybridization solutions and incubation temperatures are 
described in Table 1. 
 
Table 1. Hybridizationn solutions, incubation time and temperature. 
 

Hybridization solutions 

Stock solutions Pre-pre-Hyb (1 liter) Pre-Hyb (400 ml) Hyb (200 ml) 

Formamide - 200 ml (50%) 100 ml (50%) 
SSC (20 ×) 250 ml (5x) 100 ml (5x) 50 (5×) 
Na-phosphate buffer     
pH 7.2  (1M) 

… 20 ml (50 mM) 4 ml (20 mM) 

Denhardt’s (50×) … 40 ml (5x) 4 ml (1×) 
SDS (10%) 50 ml 8 ml (0.2%) 2 ml (0.1%) 
Dextran sulfate … … 20 g 
ddH2O 700 ml 32 ml Up to 200 ml 
Incubation temp. 60ºC 42ºC 42ºC 
Incubation time 1 h Overnight Overnight 

 

 One µl cation chloride co-transporter DNA (100 ng/µl) was mixed with 24 µl 
of ddH2O. 10 µl random oligonucleotide (Stratagene kit) were added and then 
heated at 950C for 5 minutes. This was chilled on ice for 2 min and 10 µl of dCTP 
5× buffer and 1 µl of Klenow enzyme added. Finally 5 µl of 32P dCTP (50 µCi) 
were added carefully. The tubes were incubated for 15 min at 37ºC and then 
heated up to 950C for 5 min and added immediately to the cylinder containing 
hybridization solution for incubation at 420C overnight.  
 Hybridization solution was discarded in an appropriate 32P radioactive 
waste container. Membranes were washed with low stringency solution (2× SSC 
+ 0.1% SDS) three - four times, each wash for 15 - 30 min at room temperature. 
Then with high stringency solution (0.2× SSC + 0.1% SDS) twice at room temp, 
each wash 30 minutes. After washes, membranes were placed in saran to wrap 
by avoiding any wrinkle. These packed membranes were placed inside the film 
cassette overnight.  
 Phosphor image scanner system was used to scan the membranes. Duplicate 
membranes were compared to confirm a positive plaque. Only those plaques 
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were picked that showed convincing hybridization signals on both sets of 
membranes. The same membranes were stripped to remove the radiolabeling of 
previous probes for subsequent with the SAM probe.                            
 Stripping: 1500 ml of 0.1% SDS were boiled for 1 h. Each membrane was 
boiled for 10 min and dropped into the 2× SSC solution. After proper rinse the 
membranes were placed in Saran wrap to check the radioactivity. The 
membranes were pre-hybridized and hybridized with SAM probe as above. 
 Primary screening results of both probes were confirmed by positioning both 
replicas of the same plate. The area of positive plaque was picked by using the 
end of a glass-made Pasteur pipette and lifting 10 to 15 plaques because the 
plaques were very dense. The agar was dissolved in 1 ml SM buffer. After 
addition of 50 µl of chloroform, the tubes were shaken at room temperature for         
1 - 2 h. These plaques were stored at 4ºC and then used for secondary screening.                            
 For secondary screening the isolated plaques were transfected with the host 
bacteria, and the titer determined. An appropriate amount of phage was used to 
obtain 200 to 300 plaques in one small Petri dish (100 mm). After secondary 
screening, phosphor image result of both replicas was compared to detect the 
truly positive plaques. These were picked and placed in individual tubes and 
chloroform was added.                 
 

Results and Discussion 
DNA isolation: For the genomic library construction high molecular weight DNA 
isolation of 20 - 22 Kb was very crucial since that is the insert accommodation 
range of the Lambda Fix II vector. For this purpose isolation of string-like DNA 
was ensured.  
 Pulse field gel (PFGE) system for size estimation: Accurate size of the isolated 
DNA could not be estimated by agarose gel electrophoresis which stained in an 
area from 20 - 23 Kb. This DNA was actually found to be 40 - 50 Kb when run on 
a PFGE system (Fig. 1). After partial digestion the correct size DNA of 9 - 23 Kb 
was obtained after 40 min of digestion with Sau3A. On agarose this was mis-
estimated as 10 min only. Therefore, without the PFGE system the correct 
detection of the digested DNA was not possible.  
 Ligation: Genomic library construction depends on efficient ligation. Since 
successful ligation can only be determined after infecting the phages with the 
host bacteria, higher the number of pfu/ml of the library, higher the efficiency of 
ligation. Using NEB T4 ligase enzyme and buffer resulted in a titer of 3 × 105 to          
1 × 106 pfu/ml, which was high,  whereas the Stratagene T4 ligase, buffer and 
rATP showed only 8 × 104 pfu/ml. 
 Packaging: Packaging extracts were used to package recombinant lambda 
phage with high efficiency. Ligations were carried out at DNA concentrations of 
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0.2 µg/ul or more, which favors concatemers and efficient packaging. Care was 
taken ensuring that the plaque forming units were the same for every dilution. 
The titer of plaques of Pokkali library was around 3 × 105 to 1 × 106 pfu/ml in 
different tubes with the same ligation product.  
 Primary screen result of cation chloride co-transporter: The whole genomic 
library was amplified and plated in five large plates (150 mm). After screening 
replicas of these five plates with cation chloride co-transporter  probe, five 
positive signals were found in three plates: one plaque in plate 1, one in plate 4 
and 5 in plate 5. In Fig. 3 below the positive plaques for one set are indicated 
with arrows in both replicas. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Positive plaques of cation chloride co-transporter and SAM after primary and 

secondary screening, arrow indicating some of the positive plaques. 
 

 Primary screen result of SAM: Replicas of the same five plates were used for 
screening with the SAM probe. After screening 3 positive signals were found in 
three plates : one plaque in plate 2, one in plate 3 and the last one in plate 4. Each 
positive signal was confirmed by both replicas of each plate. In Fig. 3, positive 
plaques for one set are indicated in both replicas with arrows. 
 Secondary screening of both probes: Each positive plaque lifted from the 
primary screening was passed through secondary screening with the same 
probes. After secondary screening each positive plaque was amplified more than 
once and these positive plaques were found to be very distinct (Fig. 3). Since the 
100 mm Petri dish used for plating had only 100 - 200 plaques, it was very easy to 
locate the individual positive plaques.  The positive signals were confirmed by 
the two replicas of one plate. Only very easily separateable positive plaques were 
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picked out from the agar plate and dissolved in SM buffer. Each positive single 
plaque was collected in individual Eppendorfs. A drop of chloroform was added 
to each Eppendorf to prevent growth of other bacteria. 
 The positive plaques from the secondary screening were pure enough for 
isolation. Therefore, plaques were not screened for a third round. The desired 
DNA sequences of cation chloride co-transporter and SAM genes will be isolated 
from lambda clones, using lambda DNA isolation kit from Qiagen. The DNA 
will be sequenced and sub-cloned into TAC vectors for Agrobacterium-mediated 
transformation of these large inserts into salt sensitive rice. 
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