
Over-expression of a DEAD-box helicase, PDH45, confers
both seedling and reproductive stage salinity tolerance
to rice (Oryza sativa L.)

Mahzabin Amin • Sabrina M. Elias • Alamgeer Hossain •

Aliya Ferdousi • Md. Sazzadur Rahman •

Narendra Tuteja • Zeba I. Seraj

Received: 14 May 2011 / Accepted: 10 August 2011 / Published online: 24 August 2011

� Springer Science+Business Media B.V. 2011

Abstract To improve the salinity tolerance of rice,

a DEAD-box helicase gene isolated from pea with a

CaMV35S promoter was transformed into the

Bangladeshi rice variety Binnatoa through Agrobac-

terium-mediated transformation. The transgenic seed-

lings showed significantly higher chlorophyll content,

but decreased root length compared to wild type

(WT) under normal physiological conditions. Their

status was confirmed by polymerase chain reaction

(PCR), semi-quantitative reverse-transcription PCR

and Southern blot hybridization for positive integra-

tion of the transgene. The T2 progenies from three

independent transformation events were character-

ized for salinity tolerance both at seedling and

reproductive stages. Compared to the WT plants,

the average decrease in chlorophyll content and dry

weight of seedling leaves was lower by 20 and 12%

respectively at 12 deciSiemens per meter (dS/m)

NaCl stress in hydroponics. A higher leaf K?/Na?

ratio of 0.346 was maintained by the transgenic lines

compared to the WT ratio of 0.157, which indicated

induced ion homeostasis. At the reproductive stage,

transgenic rice plants expressing PDH45 showed

better fertility and produced higher grain yield by

16% compared to WT plants under continuous stress

of 6 dS/m from 30 days till maturity. One of the

transformed lines, PDH45-P3, outperformed the oth-

ers, and replicated data in reproductive stage soil

stress of 12 dS/m NaCl showed its enhanced fertility

and yield by 46 and 29% over WT, respectively.
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Introduction

Soil salinity has become a major problem affecting

plant productivity worldwide. In Bangladesh, salinity

affects nearly a third of the total cultivable land area

of only 9 million hectares (Karim and Iqbal 2001).

Moreover, a rise in sea levels due to global warming is

likely to intensify these problems. There is therefore

no alternative to producing more saline-tolerant

varieties, particularly the staple food rice (Oryza

sativa L.). Since salinity tolerance is controlled by
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multiple genes, over-expression of single genes

resulting in field-level tolerance in rice is limited

(Garg et al. 2002; Fukuda et al. 2004). On the other

hand, over-expression of the salt-inducible Pea DNA

helicase, PDH45, in tobacco, resulted in strong

tolerance in which the yield in the transgenic plants

remained unchanged even in 200 mM continuous

NaCl stress. The transgenic plants also showed

increased Na? homeostasis, partitioning excess salt

into older leaves (Sanan-Mishra et al. 2005).

DNA helicase from the pea plant, Pisum sativum,

or PDH45, is a member of the DEAD-box protein

family. Although, its deduced amino-acid sequence

has the eight common conserved helicase motifs, it is

a unique member of this family, containing DESD

and SRT instead of DEAD/H and SAT in motifs V

and VI respectively (Tuteja 2003; Pham et al. 2000).

The alignment of amino-acid sequences between

PDH45 and other DNA and RNA helicases reveals

regions of sequence identity only in the eight

domains characteristic of helicases (Pham et al.

2000). The amino acids in these eight motifs are

variously responsible for ATP binding and hydroly-

sis, nucleic acid binding, nucleic acid unwinding and

RNA binding (Tuteja and Tuteja 2004). PDH45 is

localized in the nucleus and cytosol and unwinds

DNA in the 30–50 direction using ATP. It also has

ATP-dependent RNA unwinding activity (Pham et al.

2000). The amino-acid sequence of PDH45 shows

86% similarity with the tobacco translation initiation

factor eIF-4A, and 58% with eIF-4A from Arabid-

opsis thaliana, maize, rice and wheat (Pham et al.

2000). The eukaryotic translation initiation factor

(eIF-4A) is also a prototypic member of the DEAD-

box family. It is an essential component of the cap-

binding complex that facilitates ribosome assembly

on mRNA by unwinding the secondary structures in

the 50 untranslated region (UTR) of many proteins

(Pause et al. 1994). Antibodies against PDH45 inhibit

in vitro protein synthesis. In addition PDH45 has

been found to physically interact with and stimulate

pea topoisomerase I activity (Pham et al. 2000).

The levels of transcription of the DEAD-box heli-

cases of glycophytes are regulated by different abiotic

stresses, and their expression is part of a general

response system. In contrast the transcription of the

DEAD-box helicase of the halophyte Apocynum vene-

tum is strongly dependent on the salinity of the

medium, and increases with time. This inducible

helicase may therefore play an important role in the

salinity tolerance of the halophyte (Liu et al. 2008). The

homolog of PDH45 in Medicago sativa, a glycophyte,

MH-1 (Medicago helicase I) was shown to be enhanced

after mannitol, NaCl or H2O2 treatments. The cDNA

when over-expressed caused Arabidopsis to be both

salt- and drought-tolerant. The elevated stress toler-

ance in MH-1-expressing plants was correlated with an

increase of superoxide dismutase (SOD) and ascorbate

peroxidase (Apx) activities, indicating that MH1

functions in abiotic stress by elevating the capacities

for reactive oxygen species (ROS) scavenging and

osmotic adjustment (Luo et al. 2009).

The overall properties of PDH45 suggest that it

could be an important multifunctional protein

involved in protein synthesis, maintaining the basic

activities of the cell, and in the up-regulation of

topoisomerase I activity (Pham et al. 2000). We

therefore wanted to see the effect of its over-

expression in rice. The original helicase construct

was subcloned into a rice-compatible vector and used

to produce at least six strongly expressing lines.

These were selectively advanced to T2 and charac-

terized for salinity tolerance traits at the seedling and

reproductive stages. The transgene gave a visible

physiological advantage to the seedlings due to

increased chlorophyll content and fertility at the

reproductive stage even without stress. The trans-

genic lines could set seed and give much higher yield

compared to WT plants under stress.

Materials and methods

Transformation of Agrobacterium tumefaciens

The 1.2-kb Pea DNA helicase 45 coding sequence was

cut out of the original vector pbI121-PDH45 (Sanan-

Mishra et al. 2005) by using XbaI and inserted into the

MCS of pRT100. The CaMV35S-PDH45-poly A

fragment thus generated in pRT100 was then cut out

with PstI and inserted into the MCS of the rice

compatible pCAMBIA1301 containing the hygromy-

cin phosphotransferase selectable marker and the

reporter GUS gene (Electronic Supplementary Mate-

rial Fig. 1a–e). An electrocompetent strain of Agro-

bacterium tumefaciens (LBA4404) was electroporated

with the construct pCAMBIA 1301/CaMV35S-PDH45

using standard protocols (Sambrook et al. 1989).
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Aliquots of the electroporated cells were plated on

YM agar containing kanamycin and incubated for

48 h at 28�C. Positive colonies were selected by

lysate polymerase chain reaction (PCR) (Sambrook

et al. 1989) using forward primer (Long HPT-F 50-
CGAAGAATCTCGTGCTTTCAGC-30) and reverse

primer (Long HPT-R 50-AGCATATACGCCCGG

AGTCG-30) designed from the hygromycin phospho-

transferase gene. The PCR reaction was performed at

95�C for 10 min, followed by 35 cycles of 1 min at

95�C, 1 min at 65�C and 1 min at 72�C, then 7 min

of final extension at 72�C, with final concentration of

2.3 mM MgCl2, 0.1 mM dNTPs and 0.3 lM of each

primer and 1 unit of recombinant Taq polymerase

(Invitrogen, Carlsbad, CA, USA).

Generation of transgenic rice plants

The Bangladeshi cultivar Binnatoa, which has been

previously reported to be tissue-culture responsive,

was used for transformation (Rasul et al. 1997).

Binnatoa was transformed with the PDH45 gene

construct through Agrobacterium-mediated transfor-

mation and the calli were selected in hygromycin

(50 mg/L) according to the modified protocol of

Khanna and Raina (1999) and Rasul (2005). In three

individual experiments, ~400 calli were infected and

six successfully transformed T0 plants were advanced

to the T3 generation by germinating T1 and T2 seeds

in hygromycin (20 mg/L) and selecting only vigor-

ously growing seedlings after 48 h. Transgenic lines

were further selected by subjecting T1 and T2 lines to

salinity tolerance assessment as described in the

salinity screening section. Only those lines at T2 and

T3 that gave tolerance leaf drying score (LDS) levels

of around 3–5, i.e. moderately tolerant (30–50% leaf

damage), at the seedling stage were selected for

additional tests. After hygromycin assay at each

generation (T0–T3), PCR was used for molecular

confirmation of the transgenic plants. Three T2

transgenic lines with the lowest LDS scores and

homozygosity in the transgene were used for all the

experiments of this study. Out of these three, one

transgenic line, PDH45-P3, consistently out-per-

formed the rest. Therefore all screening experiments

described below at both seedling and reproductive

stages were repeated again for this transgenic line at

the T3 generation with multiple biological as well as

experimental replicates.

Molecular screening of transgenic plants

Putatively transformed rice plants were screened by

PCR analysis using 50 ng rice genomic DNA as

template from wild-type Binnatoa and various trans-

genic lines of T0, T1, T2 and T3 generations and

forward (PDH45-F 50-ATGGCGACAACTTCTGT

GG-30) and reverse (PDH45-R 50-GAGTCTAG

ATTATATAAGATCACCAATATTC-30) primers

designed from the Pea DNA Helicase CDS homol-

ogous to eIF-4A (accession no. Y17186). The pair of

primers amplified the 1.2-kb-long PDH45 gene. Rice

genomic DNA was isolated using the Qiagen DNeasy

Plant Mini Kit (Hilden, Germany). The PCR reaction

was performed at 95�C for 5 min, followed by

30 cycles of 1 min at 95�C, 1 min at 61�C and

1.5 min at 72�C, then a final extension of 10 min at

72�C with final concentration of 0.4 mM dNTPs,

3.6 mM MgCl2 and 0.8 lM of each primer.

Histochemical GUS assay

Tissue segments, shoot and root, from transgenic (T0)

plants were assayed for beta-glucuronidase (GUS)

(Jefferson et al. 1987) using the indigogenic substrate

X-gluc (5-bromo-4-chloro-3-indolyl b-D-glucuro-

nide). Root and shoot from WT Binnatoa was used

as negative control and GUS-positive transgenic

tobacco leaf was used as positive control. The

substrate was dissolved in 100 lL dimethyl formam-

ide (DMF) and made up to a final concentration of

1 mg/mL with 50 mM phosphate buffer at pH 7.0.

Tissue segments were fixed at pH 5.6 by fixation

solution containing 10 mM MES, 0.3% formalde-

hyde and 0.3 M mannitol, and vacuum infiltrated for

5–6 min. The tissues were then washed several times

in 50 mM phosphate buffer and incubated in

*200 lL X-gluc for 16–72 h at 37�C.

Southern blot hybridization

For Southern blot hybridization, 7 lg of genomic

DNA from PCR-positive rice lines was digested with

XbaI enzyme, which cuts the fragment out at the

MCS and 30 end of the PDH45 sequence (Supple-

mentary Fig. 1a, b), electrophoresed and blotted onto

a nylon membrane and probed using DIG-labeled

PCR amplified product (*1.2 kb) from the pea DNA
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helicase gene according to the standard protocol

(Roche Diagnostics Inc., Mannheim, Germany).

RNA extraction and semi-quantitative

reverse-transcription PCR

Total RNA was extracted from both shoot and root of

16-day-old seedlings of transgenic and non-trans-

genic rice cv. Binnatoa of T3 generation according to

the TRIzol_reagent (Invitrogen) manufacturer’s

instructions. cDNAs were synthesized from 1 lg

total RNA (pretreated by DNase I, Roche) of

transgenic and non-transgenic root and shoot accord-

ing to the Invitrogen two-step reverse-transcription

(RT)-PCR manufacturer’s protocol. Using another

primer pair (PDH45_int_F 50-GGACTTTGAGACG

ACGGAAG-30 and PDH45_int_R 50-ACTTTTGCCT

CCAATGCAAG-30), a shorter region (358 bp) of the

cDNA from WT Binnatoa and transgenic PDH45-P3

was PCR-amplified for 31 cycles to observe differ-

ences in expression level in non-stressed and 10 dS/m

salt-stressed plants.

Assessment of salinity stress tolerance at seedling

stage

The germinated seeds of WT, transgenic lines and

sensitive controls (IR29) were transferred to four

separate sets of netted, floating styrofoam in a

completely randomized design. Each tray contained

six seedlings of each of the plant types. The seedlings

were allowed to grow in 10 L normal Yoshida

(Yoshida et al. 1976) culture solution per float until

the seedlings reached the four-leaf stage (14–18 days

from germination). The electrical conductivity (EC)

of the culture solution of three trays (the fourth was

used as control) was increased to 6 dS/m and then

increased gradually to 12 dS/m over the next 3 days.

The EC of the solution was measured using a

conductivity meter (Lutron CD4301, Taiwan). This

was done by replacing the culture solution with

Yoshida solution containing NaCl (Ponnamperuma

1977). The EC of the solution was maintained at

12 dS/m until the end of the experiment. The pH of

the non-aerated Yoshida culture solution was

adjusted to 5.0 every day and the culture solution

was changed every 2 days. The trays were kept in a

net house where the average temperature and humid-

ity were 27�C and 72%, respectively. An increase in

leaf number and length was measured after an

interval of 2 days until 90% of the leaves of the

sensitive control were damaged. After 8–10 days,

when the sensitive control IR29 in stress were dead,

tolerance-related traits (LDS, root length, shoot

length) of all stressed as well as control plants were

measured. Data for percent survival and total leaf

area affected was recorded according to the standard

evaluation system of rice at IRRI (IRRI 1996;

Gregorio et al. 1997). The level of salinity tolerance

was evaluated based mainly on the value of LDS,

which is based on the percentage of leaf damage. The

plants were scored according to the following scale:

1: highly tolerant (10%); 3: tolerant (10–30%); 5:

moderately tolerant (30–50%); 7: moderately suscep-

tible (50–70%) and 9: susceptible (70%) (Gregorio

et al. 1997). The chlorophyll content of the stressed

and control transgenic shoots as well as WT was

measured at this stage (Vernon 1969), as well as their

dry weight after keeping them for 72 h at 70�C in a

hot-air circulating oven (Honeywell, UK model

DT200).

Assessment of salinity stress tolerance

at reproductive stage

After 18 days in the hydroponic system in Yoshida,

30-day-old WT and transgenic lines were transferred

individually to soil contained in perforated pots,

where the soil was encased in a thin porous cloth to

prevent leakage. The pots were placed in bowls of

water, with five pots in each bowl. The water was

maintained at the same level as the top of the soil in

the pots. Each pot contained one plant. Each bowl

therefore contained WT, sensitive control and the

three transgenic plants. After 10 days, the pots were

taken out of the water and allowed to drain for 24 h,

and then transferred to large bowls filled with 6 dS/m

NaCl solution in seven bowls or seven biological

replicates. The salinity was maintained at the same

level throughout the experiment until completion of

the life cycle of the plants. Water instead of NaCl

solution was used in three more bowls to serve as

control. The experiment was set up in a net house

where the average temperature and humidity were

29�C and 72%, respectively. At maturity, plant height

was measured with a meter scale from the base of

each plant up to the tip of the panicle. A single

measurement was taken for a hill or plant per pot. At
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the end of reproductive stage, seeds were collected

from transgenic and non-transgenic plants and the

weight of total filled grains (g/plant) was measured to

determine the grain yield. The percent yield of the

cultivars under salt stress was measured by comparing

them to their non-stressed counterparts, where the

latter was considered as 100%. Other yield-related

traits (tiller number, panicle number, panicle length,

spikelet number and spikelet fertility in percent) were

also measured. Rice is naturally more tolerant to salt

stress at the seedling stage than the reproductive stage.

At the seedling stage, even WT can survive for several

days at 12 dS/m (*120 mM) salt stress. However, at

the reproductive stage, WT rice is extremely suscep-

tible to high-salt concentration and may die before

reaching reproductive stage, eliminating the scope for

comparison of yield-related parameters (Gregorio

et al. 1997). In case of the outperforming PDH45-

P3, screening at the reproductive stage was done

successively at 0, 4, 8 and 12 dS/m NaCl with three

biological replicates and three experimental replicates

or n = 9 for each differing stress condition in the

manner described above. For the latter studies,

transgenic Binnatoa (BA-70) containing the vacuolar

OsNHX1 gene and shown to be salt-tolerant in

previous studies (Islam and Seraj 2009) was used

for comparative purposes in addition to WT Binnatoa.

Measurement of Na?, K? content

For the measurement of sodium and potassium

concentrations in shoot and root at 0 and 12 dS/m,

plants were washed in flowing tap water for 30 s and

the oven-dried plants from each biological replicate

were pooled, ground and analyzed by a flame photom-

eter 410 (Sherwood, UK) after 48 h of extraction with

1N HCl following the procedure described by Yoshida

et al. (1976). Concentrations were expressed as percent

of dry weight. The potassium to sodium ratio was also

determined. For the reproductive stage, after harvest-

ing, the grains of transgenic and WT plants were dried

in the sun for 1 week and then in an oven at 70�C for

72 h. K? and Na? content of the flag leaves (leaf 0),

shoot (all leaves except leaf 3 and the stalk) and third

leaf (leaf 3) of pooled biological replicates were

separately measured as above. The existence of

significant effects due to the transgene PDH45 was

determined by the t test. All statistical analyses were

done using Data Analysis ToolPak of Microsoft Office

Excel 2007. The F test was performed to verify equal

variance of the independent set of samples and based

on that result Student’s t test was performed, assuming

equal variance or unequal variance as applicable, to

compare significant differences (P B 0.05) between

the transgenic and the WT lines.

Results

Selection of transformed plants

Six independent transgenic lines were produced using

the Agrobacterium-mediated transformation method.

The hygromycin phosphotransferase (HPT) gene-

specific band was found in six T0 plants after PCR

analysis (not shown). For that reason, all these six T0

plants were advanced to T1 by selfing followed by

hygromycin assay and examination in hydroponics

for salinity tolerance. Progenies from three plants

(PDH45-P3 to P5) having an average LDS of around

3–4 (leaf damage of 30–40%) were selected for

advancing and additional tests (cf: generation of

transgenic plants). The 1.2-kb gene-specific band was

re-confirmed by PCR in all the selected T1 lines

(Supplementary Fig. 2a).

Molecular analysis of the transformants

The expression of the PDH45 gene in the transgenic

lines was confirmed by semi-quantitative RT-PCR. A

band of 358 bp from amplification of PDH45 cDNA

is shown in the T2 progenies of the selected

transgenic line PDH45-P3 at 31 cycles (Supplemen-

tary Fig. 2b). Stable integration of the transgene was

confirmed by hybridization of the XbaI-digested

DNA with PDH45 cDNA. The expected single band

pattern around the 1.2-kb position was observed in

three of the T0 plants finally selected (Supplementary

Fig. 2c). No band in the similar position was detected

in the WT plants.

Effects of salt stress on vegetative stage

Under control conditions it was noted that the PDH45

plants appeared more vigorous with significantly

higher (*30%) chlorophyll content than WT. Inter-

estingly, the roots were observed to be significantly

shorter (by *33%) but had similar biomass when
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compared to WT without stress (Table 1). Therefore,

the roots of the transgenic lines obviously had more

width (not measured). The three selected transgenic

lines (PDH45-P3 to P5) showed higher salt tolerance

at the seedling stage compared to WT plants

(Table 1). The decrease in shoot and root length

due to 12 dS/m salt stress was significantly lower in

the transgenic lines. The average decrease in dry

weight of transgenic seedling shoots was lower by

12% compared to the WT plants. The significantly

lower reduction in chlorophyll content in the trans-

genic plants was the most striking: the average

decrease in chlorophyll content of seedling shoots

was lower by 20% compared to the WT plants

(Table 1). After stress application, the chlorophyll

content in the transgenic lines was found to be

roughly double that of WT, since this was much

higher in the former before stress.

All the transgenic lines also showed significantly

lower LDS compared to WT in salt stress (Table 1).

The leaf damage in the transgenic lines was thus

10–13% lower compared to WT. The WT cv.

Binnatoa itself is moderately tolerant. After 14 days

of exposure to 12 dS/m NaCl treatment, the sensitive

control IR29 died and therefore its data was not

included in the table.

Transgenic seedlings maintained higher K?/Na?

ratio than WT

Sodium and potassium uptake by the shoots, K?/Na?

ratio and seedling survival rates are well correlated

with tolerance of the rice (O. sativa L.) plant to

salinity stress (Bohra and Dorffling 1993; IRRI 1996;

Lee et al. 2003). Under control conditions, the

transgenic plants were observed to show slightly

higher K?/Na? ratios compared to WT, which were

however non-significant (Fig. 1). After 14 days stress

at 12 dS/m NaCl, the transgenic plants showed higher

K?/Na? ratio (0.346 ± 0.076) compared to WT of

the same age (0.156 ± 0.02) (Fig. 1; P \ 0.05).

Effect of salt stress on the reproductive stage

All three transgenic lines had greater plant height by

13–17 cm compared to WT without stress. This

increase in plant height was lower for the PDH45-P3

line. However the total grain weight per plant was

0.5 g higher for this line, whereas it was lower than

WT for the other two transgenic lines without stress

(Table 2).

Table 1 Phenology of

wild-type and transgenic

seedlings under 12 dS/m

NaCl stress in hydroponics

Values are mean ± SE

(n = 36 for stress and

n = 12 for control)

* significant difference

between wild-type and

transgenic variety at

P B 0.05

Shoot length

(cm)

Root length

(cm)

Biomass

(g/plant)

Chlorophyll

(mg/g leaf)

Leaf drying

score (LDS)

Wild type

Control 64.1 ± 2.9 18.7 ± 0.6 0.4 ± 0.1 4.8 ± 0.3 4.8 ± 0.2

Stress 47.3 ± 0.9 12.7 ± 0.3 0.3 ± 0.0 2.4 ± 1.1

PDH45-P3

Control 62.1 ± 2.4 13.0 ± 0.5* 0.4 ± 0.0 6.4 ± 0.2* 3.5 ± 0.2*

Stress 48.9 ± 0.4* 11.5 ± 0.1 0.3 ± 0.0* 4.3 ± 0.3*

PDH45-P4

Control 64.5 ± 1.0 12.8 ± 0.1* 0.5 ± 0.1 6.6 ± 0.2* 3.5 ± 0.2*

Stress 48.3 ± 0.7* 10.9 ± 0.2* 0.3 ± 0.0* 4.5 ± 0.2*

PDH45-P5

Control 61.1 ± 0.7* 13.7 ± 0.2* 0.4 ± 0.0 6.2 ± 0.1* 3.9 ± 0.2*

Stress 46.5 ± 0.6 10.9 ± 0.1* 0.3 ± 0.0 4.5 ± 0.1*

Fig. 1 K?/Na? ratio in wild-type and transgenic rice seedlings

after NaCl stress at 12 dS/m in hydroponics. Each bar

represents the mean ± SE (n = 3); P \ 0.05
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The superior physiological status of the transgenic

rice plants expressing PDH45 was apparent at 6 dS/m

under continuous salt stress. All yield-related param-

eters of the three transgenic lines (PDH45-P3 to P5)

such as effective tiller (tillers with panicles), spikelet

number, plant height, spikelet damage and spikelet

fertility were indicative of their better performance

compared to WT (Table 2). Under continuous stress,

the transgenic lines produced higher average grain

yields by *22% compared to the WT plants. The

plant PDH45-P3 performed the best, showing only

40% decrease in grain yield compared to 62%

decrease in WT at 6 dS/m (P \ 0.05).

Enhanced yields of PDH45-P3 in comparison

with the salt-tolerant transgenic rice Binnatoa

(BA-70) expressing the vacuolar OsNHX1

transgene

The transgenic line PDH45-P3 consistently outper-

formed the other two in all stress tests. Therefore, this

plant was tested again with at least nine replicates at

successively increasing NaCl stresses of 4, 8 and

12 dS/m. As a comparison, we also used the mod-

erately tolerant transgenic BA-70 containing the

vOsNHX1 gene (Islam and Seraj 2009) and the WT.

The fertility of PDH45-P3 gradually decreased from

89.38 ± 1.34 to 62.5 ± 2% with increasing stress

(Fig. 2). This decrease of 26.8 ± 1.41% was signif-

icantly lower than the 37.14 ± 9.9% decrease in

BA70 and the 41.09 ± 9.71% decrease in WT. The

yield per plant for PDH45-P3 at 12 dS/m was found

to be 39 and 79 compared to BA-70 and WT,

respectively (Supplementary Fig. 3). PDH45-P3 was

therefore considered to be highly tolerant. Further-

more, percent grain set or superior fertility of

PDH45-P3 was clearly observed, as shown in Fig. 3

and Supplementary Figs. 3 and 4b, where in the latter

figure only 4–5 empty spikelets can be seen in

contrast to 15–17 for BA-70 and 19–21 for WT at

12 dS/m.

Discussion

Constitutive expression of the PDH45 gene gave a

physiological advantage to the phenotype of the

PDH45-P3 rice line, which was physically apparent

by its increased plant height and spikelet fertility at

the reproductive stage without stress (Supplementary

Table 1). Flag leaf K?/Na? ratio under control

conditions was also shown to be significantly higher

(Supplementary Fig. 5). At the seedling stage, the

transgenic line showed significantly higher chloro-

phyll content under control conditions, although plant

height was not observed to be different (Table 1).

The grain width in this transgenic line was also

observed to be higher by 0.5 mm compared to WT

(Supplementary Fig. 4a). Previously, a Vigna radiate

RNA helicase1 and Arabidopsis SIN1 gene containing

Table 2 Yield data of wild-type and transgenic lines under 6 dS/m NaCl stress in soil

Total grain

weight (g/plant)

Plant height

(cm)

Effective

tiller no.

Spikelet

damage (%)

No. of

spikelets

Spikelet

fertility (%)

Wild-type BA

Control 4.7 ± 1.0 103.7 ± 8.5 5.3 ± 0.3 – 290.3 ± 57.8 85.2

Stress 1.8 ± 0.2 116.9 ± 2.3 5.3 ± 0.6 18 ± 0.1 271.6 ± 20.6 39.4

PDH45-P3

Control 5.2 ± 0.6 117.7 ± 3.5 5.0 ± 0.6 – 259.7 ± 27.6 89.4

Stress 3.1 ± 0.3* 118.0 ± 0.6 4.4 ± 0.2 16 ± 0.1 284.1 ± 21.6 55.7*

PDH45-P4

Control 4.5 ± 0.1 127.0 ± 4.7 4.7 ± 0.9 – 248.0 ± 27.7 81.8

Stress 2.1 ± 0.2 116.7 ± 1.1 4.4 ± 0.3 11 ± 0.1 217.8 ± 23.4 53.1*

PDH45-P5

Control 4.6 ± 0.5 119.3 ± 2.9 4.3 ± 0.3 – 250.3 ± 28.2 90.9

Stress 2.4 ± 0.2 120.1 ± 1.0* 3.6 ± 0.4 12 ± 0.1 212.0 ± 17.9* 60.5*

Values are mean ± SE (n = 14 for stress and n = 6 for the control)

* Significant difference between wild-type and transgenic variety at P B 0.05
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a DEAD-box RNA helicase C domain have been

implicated in embryo viability (Li et al. 2001;

Chaudhury et al. 2001). However another UPF1

RNA helicase involved in nonsense-mediated decay

was shown to be responsible for small seed size in

Arabidopsis thaliana (Yoine et al. 2006). Under

12 dS/m NaCl stress, the panicle and flag leaf length,

K?/Na? ratio as well as the fertility of the transgenic

line was significantly greater than WT (Supplemen-

tary Figs. 4 and 5). This low decrease in fertility

under stress probably resulted in the increased yield

of 29% in the PDH45-P3 line over WT. The

comparative yield advantage of PDH45-P3 over

BA70 and WT at different degrees of stress was

observed again as 1,000-grain weight (Supplementary

Fig. 3). At the seedling stage it was noted that the

transgenic plant’s roots had more biomass per unit

length compared to WT under control conditions and

*30% more chlorophyll (Table 1). Moreover, under

NaCl stress, the decrease in chlorophyll was also

significantly lower compared to control plants. The

larger amounts of chlorophyll could be responsible

for the increased yields in transgenic plants both in

control and stressed conditions.

The PDH45 protein has been shown to have

54 ± 5% similarity to eIF-4A from plants like

tobacco, rice, maize and Arabidopsis (Owttrim

et al. 1991, 1994; Pause et al. 1994). Antibodies

against PDH45 were also observed to inhibit in vitro

protein synthesis (Pham et al. 2000). Since eIF-4A is

known to play a key role in unwinding inhibitory

secondary structures present in the 50 UTRs of many

proteins, it can be reasoned that PDH45 may help in

translation and also function as a regulator of

translational initiation. PDH45 was shown to stimu-

late pea topo-I isomerase activity. Topoisomerases

are ubiquitously present in cells and play a major role

in cellular DNA metabolism, including replication,

repair, transcription and recombination, by resolving

the topological constraints imposed on DNA during

these processes (Wang et al. 1990). It is possible that

both the helicase and topoisomerase activities may

function in concert, as topoisomerases probably

relieve helicase-induced DNA torsional tension.

Therefore, the proposed properties of PDH45 are

likely helping the transgenic plants to show physio-

logical advantage over WT as observed in terms of

their thicker roots, higher chlorophyll content, longer

panicles and wider grains in control conditions, noted

specially in the case of PDH45-P3 (Table 1; Supple-

mentary Fig. 4). When such plants are stressed, their

altered characteristics mentioned above may help

them to obviate the effects of stress. For example, the

increased chlorophyll can help in retention of pho-

tosynthetic activities under stress. In the seedling-

stage stress tests, induced ion homeostasis was also

observed (Fig. 1), which was however not propor-

tional to the increased tolerance level of the different

transgenic lines. Therefore, over-expression of the

pea DNA helicase protein may also result in

increased expression of the transporters responsible

for sequestration, excretion and recirculation of Na?

(Kronzucker and Britto 2011; Jiang et al. 2010).

Enhanced PDH45 activity may also cause an increase

in scavengers of ROS like ascorbate peroxidase and

superoxide dismutase. Such an increase was reported

Fig. 2 Change in percent fertility of PDH45-P3, BA70 and

WT due to increase in salt concentration. (n = 9 for PDH45-P3

and n = 6 for WT and BA70)

Fig. 3 Comparison of percent yield of PDH45-P3 with BA70

and WT at 12 dS/m salt concentration. (n = 9 for PDH45-P3

and n = 6 for WT and BA70)
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by overexpression of the PDH45 homolog of Medi-

cago sativa in transgenic Arabidopsis (Luo et al.

2009). DNA helicases from rice have been reported

to have a similar kind of unwinding function, but

PDH45 is unique because it contains the DESD and

SRT motifs instead of the DEAD and SAT motifs

found in other helicases. These motifs may result in

its unusual properties, including RNA helicase activ-

ity and induction of topoisomerase 1 activity in pea,

as mentioned above. From these perspectives, it may

have specific roles during stress, which are not

reported for the rice DNA helicases. Pea DNA

helicase 45 is homologous to rice eIF-4A but does

not show strong similarity with the DNA helicases

from rice (results of our BLAST analysis, not shown).
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Abstract 
Soil  salinity  adversely  affects  plant  growth,  development  and  disturbs 
intracellular  ion  homeostasis which  results  in  cellular  toxicity.  The  salt  overly 
sensitive 1  (SOS1) gene  is a critical component of salt  tolerance  in many species 
and encodes a plasma membrane Na+/H+ antiporter that plays an important role 
in  germination  and  growth  in  saline  environments.  In  the  current  study,  the 
coding sequence of SOS1 gene (3447 bp) was amplified from a Bangladeshi rice 
landrace,  Pokkali,  by  applying  the  fusion  PCR  strategy.  SOS1  PCR  amplicons 
were  firstly cloned  into pENTR/D‐TOPO and  then  recombined with  the binary 
vector, pH7WG2, through LR reaction. Positive colonies were validated by PCR, 
restriction  digestion  and  sequencing.  Finally,  the  constructed  vector  was 
transformed  into  Agrobacterium  tumeficiens,  LBA4404  strain,  to  initiate 
Agrobacterium‐mediated transformation with the provision to transfer the cloned 
SOS1 into farmer popular rice varieties.   
 

Introduction 
Soil salinity has been a major threat in crop production worldwide and it exists 
approximately  in 20% of world’s cultivable  lands  (Rhoades and Loveday 1990, 
Qadir  et  al.  2008).   Approximately    2 million  ha  of  lands  are  being  annually 
affected by salinity (Kalaji and Pietkiewica 1993). High salt concentrations cause 
hyperosmotic stress and  ion  imbalance  in plants which often  leads  to oxidative 
damage  in  cellular  components  as  a  secondary  effect  (Qadir  et  al.  2008).  In 
Bangladesh  the  increased pressure of a growing population has resulted  in  the 
demand  for  more  food  production.  Hence  it  is  important  to  explore  the 
possibilities  of      producing  crops  such  as  rice  in  hitherto  fallow  lands  in  the 
coastal south region affected by salinity to maximize food production.  
 

*Author for correspondence: <zebai@univdhaka.edu>. 
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  Many  attempts  have  been  made    to  improve  crop  productivity  by 
conventional  breeding  as  well  as  genetic  transformation  for  abiotic  stress 
tolerance,  like salinity (Mittler and Blumwald 2010, Reguera et al. 2012, Verma et 
al.  2007,  Tuteja  et  al.  2012).  However,  it  has  been  very  difficult  to  combine 
tolerance with high yield. Transgenic approaches are more likely to be successful 
in maintaining  yields, while improving tolerance such as to salinity, particularly 
if  high  yielding  cultivars  are  transformed  using  stress‐inducible  promoters 
(Wang et al. 2013). There are also quite a few clear examples where single genes 
have significantly increased yield, particularly to drive domestication (to control 
tiller  number,  branching,  and  seed  number)  and  that  domestication  of  an 
important crop can lead to green revolution  (Tester and Langridge 2010).  
  SOS1  is  one  of  the  many  potential  candidate  genes  for  conferring  salt 
tolerance. The  coding  sequences of SOS1 gene  in  rice  is about 3447 nucleotide 
bases  long and predicted  to encode a 127‐kDa protein with 12  transmembrane 
domains  in  the N‐terminal part  (Shi et al. 2000).  In addition,  the expression of 
SOS1  is pervasive, but stronger  in  the epidermal cells surrounding  the root‐tip, 
with parenchyma cells neighboring the xylem.  SOS1 acts as a Na+/H+ antiporter 
on the plasma membrane and plays a vital role in sodium efflux from root cells 
and  the  long distance Na+  transport  from  root  to  shoot  (Shi et al. 2002).  In  the 
current  study, SOS1 has been  cloned  from  a  salt  tolerant  rice  landrace Pokkali, 
with the aim to transform it into farmer popular BRRI varieties for enhancing the 
salinity tolerance of the latter.  
 

Materials and Methods 
Rice landrace Pokkali was grown for 15 days and 150 mM salt stress was applied 
to extract  total RNA using TRIZOL  (Invitrogen) method. The   extracted   RNA  
was   quantified   using Nanodrop® spectrophotometer ND‐1000 (Thermo Fisher 
Scientific  inc.),   and   the cDNA was   synthesized from  isolated RNA   by   using 
SuperScript™  first‐strand  synthesis  system  (Invitrogen).  The  amplification  of 
SOS1  coding  region  was  accomplished  applying  fusion  PCR/overlap  PCR 
strategy. Primers were designed accordingly to attain the task (Fig. 1) 
  The  first  fragment was  amplified  by  PCR with  the  SOS1  forward  primer 
(SOS1_F) and SOS1 overlap reverse primer (SOS1_OL_R) (Table 1). PCR reaction 
program  for  amplifying  the  first  fragment  was  optimized  as  follows.  Initial 
denaturation at 95°C for 5 min and 35 cycles of denaturation at 95°C for 1 min, 
annealing at 61.5°C for 1 min, extension at 72°C for 2.10 min followed by a final 
extension at  72°C  for 10 min. A  final  concentration of  2.3 mM MgCl2, 0.1 mM 
dNTPs,  0.3  μM  of  each  primer  and  1  unit  of  recombinant  Taq  polymerase 
(Invitrogen, Carlsbad, CA, USA) was used. The  forward primer was designed 
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adding CACC  overhang  to  ensure  compatibility with  pENTR/D‐TOPO  vector 
(Fig. 2A). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1. Schematic presentation of SOS1 cloning method 

  The  second  fragment of SOS1  (1.7 kbp) was  then  amplified with designed 
overlap forward primer (SOS1_OL_F) and SOS1 reverse primer (SOS1_R) (Table 
1). PCR  conditions were optimized with  initial denaturation at 95°C  for 5 min 
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and 35 cycles of denaturation at 95°C  for 1 min, annealing at 59.5°C  for 1 min, 
extension at 72°C for 2.10 min and final extension at 72°C for 10 min with final 
concentration of 2.3 mM MgCl2, 0.1 mM dNTPs and 0.3 μM of each primer and 1 
unit of recombinant Taq polymerase (Invitrogen, Carlsbad, CA, USA).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Vectors used in this method. A. Entry vector pENTR/D TOPO. B. Destination vector 

pH7WG2.0. 

  After amplifying  two  fragments of SOS1 gene,  the desired  fragments were 
gel  purified  using  Qiaquick  Gel  extraction  kit  (Qiagen)  and  then  fusion 
PCR/overlap PCR technique was initiated to amplify the whole fragment of SOS1 
gene in a two phase PCR program. At the first Phase, PCR reactions were carried 



Cloning of the Plasma Membrane  267 

out  with  amplified  Fragments  1  and  2  of  SOS1  without  any  primer.  PCR 
conditions  were,  initial  denaturation  at  95°C  for  5  min  and  15  cycles  of 
denaturation at 95°C for 1 min, annealing at 65°C for 1.30 min, extension at 72°C 
for 2.10 min with a final concentration of 2.4 mM MgCl2, 0.24 mM dNTPs and 1 
unit  of  recombinant  Taq  polymerase  (Invitrogen, Carlsbad, CA, USA). At  the 
second  phase,  PCR  reactions were  carried  out  adding  0.3  μM  of  SOS1_F  and 
SOS1_R primers, 1.2 mM MgCl2, 0.16 mM dNTPs and 1 unit of recombinant Taq 
polymerase with pfx  (Proof  reading enzymes)  (Invitrogen, Carlsbad, CA, USA) 
with the product of first phase PCR reaction.  PCR condition was set as follows; 
an  initial denaturation at 95°C for 5 min and 20 cycles of   denaturation at 95°C 
for 1 min, annealing at 65°C for 1.30 min, extension at 72°C for 2.10 min with a 
final extension at 72°C for 30 min. 
  Final PCR amplicons were gel extracted and quantified  through nanodrop. 
Cloning  reaction  into  pENTR/D‐TOPO  vector  (Invitrogen)  was  then  initiated 
following manufacturer’s protocol (Publication part number 25‐0434, Invitrogen). 
The  pENTR_SOS1  plasmid  construct  was  transformed  into  E.  coli  DH5α 
competent  cells  through heat  shock using  standard protocols  (Sambrook  et  al. 
1989). Successful cloning was then confirmed by PCR of pENTR_SOS1  plasmid,  
restriction   digestion of  the  isolated plasmid with BamHI and EcoRV restriction 
enzymes  (NEBr  inc)  individually  followed  by  a  final  confirmation  by  direct 
sequencing of the vector and gene specific primers.  
  Successful  pENTR/D‐TOPO  cloning  allowed  recombining  the  desired 
sequence  of  SOS1  into  a  destination  vector  by  using  the  Gateway®  LR 
recombination  reaction  (invitrogen)  (Fig  2B).  The  LR  reaction was  carried  out 
following  the manufacturer’s protocol. Positive  colonies were  screened  out  by 
gene  specific primers  and  restriction digestions. Restriction  endonuclease NdeI 
(NEBr  inc.)  was  used  and  confirmation  was  carried  out  by  comparing  the 
transformed plasmid with non‐transformed plasmid. 
 

Table1. List of primers used in the study and corresponding sequences. 
 

Primer Name  Sequence 
SOS1_F  5′‐CACCATGGACAATCCCGAGGCGGA‐3′ 
SOS1_OL_R  5′‐GTGGCAACCTGCTCATTTGAAGGAAC‐‐3′ 
SOS1_OL_F   5′‐GTTCCTTCAATGAGCAGCGTTGCCAC‐3′ 
SOS1_R  5′‐TCATCGATCAGCAGCGCTGGAG‐3′ 
 

  Finally,  Agrobacterium  tumefaciens  (LBA4404)  was  electroporated  with  the 
constructed  pH7WG2_  SOS1  using  standard  protocols  (Sambrook  et  al.  1989). 
Positive colonies were authenticated by PCR reactions with gene specific primers 
(Table 1). 
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Results and Discussion 
A single PCR program was not successful to amplify the whole sequence due to 
the  large  coding  sequence  (CDS)  of  SOS1  gene  (3447  bp). Hence  fusion  PCR 
strategy was  adapted  for  amplifying  the whole  CDS  of  SOS1  gene which  is 
specifically useful for amplification of genes that are large in sequence length. In 
the  current  experiment  primers were  designed  strategically  (Fig.  1)  from  the 
available rice genome sequence to amplify two fragments of the SOS1 gene that 
overlaps each other in a common sequence region. The first fragment (1.735 kbp) 
and  second  fragment  (1.725 kbp) were  successfully  amplified  (Fig.  3A)  in  two 
different  PCR  events.  In  a  separate  two  phase  PCR  event  the  two  fragments 
could  be  overlapped  followed  by  amplification  of  the  whole  3447bp  CDS              
(Fig. 3B).  
 
 
 
 
 
 
 
 
 
 
 
Fig. 3A‐B: A. PCR amplification of two fragments of  the SOS1 gene;  L1: 1Kb+ ladder, L2‐

L6: First fragment of SOS1 (1.7 kbp), L7‐L12: Second fragment of SOS1 gene (1.7 kbp). 
B. PCR amplification of full  length SOS1 gene; L1: 1Kb+ ladder, L2‐L5: full  length of 
SOS1 gene (3.4kb). 

 

  The  amplified  product  of  SOS1  gene was  cloned  in  the  pENTR/D‐TOPO 
cloning vector which  is designed  to  facilitate rapid, directional TOPO® cloning 
of blunt‐end PCR products for entry into the Gateway® System. The system was 
adopted  for  this experiment since  inserts can be cloned  in  the vector  in correct 
orientation  with  efficiencies  equal  to  or  greater  than  90%  (Publication  part 
number  25‐0434,  Invitrogen).  Following  cloning  and  transformation  and  after 
O/N incubation, colonies were observed on the LB plate containing the antibiotic 
kanamycin. Confirmation of  the successful cloning was observed after  isolation 
of correct size plasmid  (Fig. 4A)  from  the colonies and PCR amplification with 
the full length SOS1 primers. Only two cloned plasmids showed the expected 3.4 
kbp (Fig. 4B). 
  The  clone  was  further  confirmed  by  restriction  digestion  of  the  
pENTR_SOS1  plasmid  with  BamHI  (Single  cut)  and  EcoRV  (Double  cut).  By 
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digestion with BamHI, the expected product size of positive pENTR_SOS1 was 6 
kb  and  by  digestion  with  EcoRV,  the  expected  products  sizes  of  positive 
pENTR_SOS1 were 5.4 and 0.6 kb. Only one clone showed desired product size 
bands  by  digestion  with  BamHI  and  EcoRV  individually  (Fig.  4C).  Further 
confirmation  of  the  SOS1  cloning  into  pENTR was  performed  by  sequencing 
using gene‐specific and M13 primer pairs. (Fig. 5) 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
Fig. 4A‐C: A. Plasmid was isolated from SOS1_pENTR cloning; L1 and L12: 1 kb + DNA ladder, L2‐

L11: plasmid that was isolated from colonies. Only L9 and  L11‐  were the right size (Supercoiled 
plasmid band came to the 3.4 kbp size) and   positive. B. PCR amplification of full length SOS1 
gene from cloned plasmid (pENTR_SOS1);  L1‐1 kb+ DNA ladder, L2‐L3: whole insert of SOS1 
gene  (3.4  kb).  C.  Restriction  digestion  (RD)  of  cloned  plasmid  (pENTR_SOS1)  with  BamHI 
(Single cut) and EcoRV (Double cut); L1: 1 Kb + ladder, L2, L5, L8: Uncut plasmid, L3, L6, L9: Cut 
with BamHI (Expected size 6Kb); L4, L7, L10: Cut with EcoRV (Expected size 5.4 and 0.6 kb); L8‐ 
positive with true single and double cut.  
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Fig.5. Sequence alignments showing similarity of sequenced SOS1 insert in the cloning reaction with 

the SOS1  reference  sequence  available  from  japonica  rice genome  sequence  consortium. Here 
query refers to the cloned SOS1 sequence and subject refers to the reference sequence. 

 

  The  SOS1  cDNA  was  transferred  into  the  gateway  destination  vector 
pH7WG2.0  (Karimi  et  al.  2002)  from  the  entry  clone  pENTR_SOS1  by  LR 
recombination reaction. This recombination reaction creates an expression clone 
for plant  transformation  and  contains  the  selectable marker  for  transformation 
into bacteria and plants and is a compatible  vector for Agrobacterium. Following 
LR  recombination  reaction  and  transformation  on  the  next day,  colonies were 
observed on  the LB plate containing  the antibiotic spectinomycin/streptomycin. 
Plasmids were  isolated  from  these colonies  (Fig.   6A) and positive clones were 
confirmed by PCR using insert specific primers (Fig. 6B) and restriction digestion 
by NdeI enzyme (Fig. 6C). The enzyme has three cutting sites in the plasmid but 
the positive one with SOS1 gene could easily be identified due to size variations. 
  The constructed destination vector was  transformed  into LBA4404 strain of 
Agrobacterium by electroporation.  The transformed plate was kept at 28°C for 72 
hrs and positive colonies were screened out by PCR with insert specific primers 
(Table 1). The PCR reaction was conducted to amplify the whole region of SOS1 
gene (3.447 kbp) with high fidelity Taq polymerase (Invitrogen). The insert was 
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amplified  to  the expected size  (Fig. 7). The  final destination vector  (Fig. 8) was 
then used to do Agrobacterium mediated transformation.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.  6A‐C:  A.  Isolated  plasmid  after  LR  recombination  reaction;  L1:  Isolated  destination  vector, 

pH7WG2 plasmid without SOS1, L2‐ L6:  Isolated plasmid after LR, L3  came up as a positive 
one. B. PCR confirmation of positive pH7WG2_SOS1 clones; L1: Negative control, L2: Positive 
Control, L3:   1 Kb + DNA ladder, L4‐L5‐positive bands (1.7 kbp). C. LR was further confirmed 
by restriction digestion of the PH7WG2.0_SOS1 construct with the restriction enzymes Nde1 L1: 
1 kb + DNA  ladder, L2‐L3: Plasmid without SOS1, L4‐ is the correct plasmid with the SOS1 gene 
(Expected band size was 7 , 3.7 and 2.6 kb). 

 

  The  challenge  in  cloning  the  SOS1  CDS  was  its  sequence  length.  
Amplification of  the  full 3.4 kb with high  fidelity Taq polymerases  specific  for 
larger fragments was not considered since it amplifies the insert with a mixture 
of  both  blunt  and  A  ends  (Platinum®  Taq  DNA  polymerase  high  fidelity 
protocol, Invitrogen). pENTR/D‐TOPO cloning kit only allows  insertion of the  
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Fig.7.  PCR  confirmation  after  isolating  plasmid  from  Agrobacterium.  L1:  1Kb  +  DNA 

ladder.  L2‐PCR product of the insert with size 3.4 kb. 
 
 
 
 
 
 
 
 

Fig. 8. T‐DNA border of pH7WG2_SOS1. 
 

Blunt  end  products,  but  high  fidelity  Taq  polymerase  adds  a  single 
deoxyadenosine  (A)  to  the 3ʹ ends of PCR products which make  the amplified 
product  incompatible  to  clone  into  pENTR/D‐TOPO  vector.  Hence  the 
overlapping fusion PCR strategy needed to be adopted which could successfully 
accomplish  the  task. Moreover  the gene  length was  larger  than  the  insert  size 
recommended  for cloning  in pENTR‐D‐TOPO vector  (Invitrogen). Modification 
in  the  incubation  time  and  volume  of  the  reaction  during  cloning  could 
successfully overcome  the  insert size  restriction;  though  the efficiency  rate was 
drastically  reduced  as  observed  by  the  low  number  of  positive  colonies. 
Successful  cloning was  accomplished  by  initiating  some major  changes  in  the 
manufacturer’s  protocol. The  incubation  period was  extended  to  an  overnight 
period  and  reaction  volume  was  maintained  to  10  instead  of  6  microlitre. 
Combination  of  the  strategies  adapted  in  the  experiment  can  be  beneficial  in 
other  studies where  large  sequence  length  of  the  gene  is  a  limiting  factor  in 
cloning. 
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Bangladesh is a reservoir of diverse rice germplasm and is home to many landraces with unique, important traits. Molecular
characterization of these landraces is of value for their identification, preservation, and potential use in breeding programs.
Thirty-eight rice landraces from different regions of Bangladesh including some high yielding BRRI varieties were analyzed by 34
polymorphic microsatellite markers yielding a total of 258 reproducible alleles. The analysis could locate 34 unique identifiers for
21 genotypes, making the latter potentially amenable to identity verification. An identity map for these genotypes was constructed
with all the 12 chromosomes of the rice genome. Polymorphism information content (PIC) scores of the 34 SSR markers were
0.098 to 0.89 where on average 7.5 alleles were observed. A dendogram constructed using UPGMA clustered the varieties into two
major groups and five subgroups. In some cases, the clustering matched with properties like aromaticity, stickiness, salt tolerance,
and photoperiod insensitivity. The results will help breeders to work towards the proper utilization of these landraces for parental
selection and linkage map construction for discovery of useful alleles.

1. Introduction

Genetic diversity of crop plants is the key resource for
maintaining agricultural productivity. This wealth of genetic
diversity has been utilized and preserved during the natural
process of domestication and cultivation of crop plants.
But thousands of allelic variations of traits of economic
significance remain unutilized, many of which are found in
traditional cultivars or landraces. Developmental activities
and increasing land-use are gradually destroying natural
habitats resulting in the reduction of this diversity. The
situation is further aggravated by introduction of modern
varieties to replace these landraces, which has happened in
the case of rice cultivars. Hence it is important to understand
the evolution and ecology of rice landraces in order to
catalogue and preserve them for future use.

Bangladesh is an agroeconomy based country lying
astride the tropic of cancer between 20∘25 and 26∘38N
latitudes and 88∘01 and 92∘40E longitudes which conserves

a broad range of agroecological environmental diversity in
climate, physiography, soil, and hydrology [1]. This has facil-
itated the development of endemic landraces, particularly in
rice with distinct morphological and genetic properties. For
example, adaptation has occurred to different abiotic stress
environments like salinity and drought and different physio-
logical properties like aromaticity, stickiness, or resistance to
pests, and so forth.These landraces have evolved and adapted
according to the native environment. Most of these rice culti-
vars are popular among the farmers but are not high yielding
enough to meet the total dietary consumption needs of the
population. The diversity is also reflected in the range of rice
groups cultivated in the country in different seasons like Aus
(April–August), T (transplanted)-aman (July–November), B
(Broadcast)-aman (March–August, and Boro (November–
May) as well as in wild and weedy races. It has been reported
that the IRRIGene Bank containsmore than 8,000 traditional
rice varieties collected from Bangladesh [2] and many more
remain to be discovered. The country lies within the origin
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of one of the rice domestication hubs near the Ganges valley
[3] making her a reservoir of diverse rice germplasm and a
crucial target for rice evolution and domestication study.

The agroecological condition in northeast region of
Bangladesh ismore diverse than the rest and provides suitable
environment for growth of rice varieties with wide genetic
variation. Traditional varieties still continue to be grown
in large areas of the region due to their adaptation to the
local prevailing conditions. Consumers do not hesitate to
pay higher prices for the fine aromatic or glutinous rice
found in these areas, each sought after due to unique cultural
traditions. The Sundarban forest area spans one-third of
the southern portion of 3 districts in Bangladesh and is
known to be highly saline. Salinity levels gradually decline
from west to east [4]. The popular landraces of this region
are therefore well adapted to the soil conditions including
soil salinity and are therefore regarded as possessing some
resistance to salt stress, particularly at the seedling stage
[5]. Landraces adapted to these stressed environments often
possess some unique genes which enable them to survive.
Discovery of a unique protein kinase Pstol1 that enhances
root growth to survive phosphorous deficient, drought-prone
soils in the traditional aus cultivar Kasalath [6] and the
submergence tolerance gene SUB1A in another aus variety
FR13A [7] and their absence in the reference rice genome
establishes the importance of conserving and exploiting
traditional germplasm. Despite the introduction of modern
varieties, many farmers still prefer the traditional landraces
inmany areas.The special tolerance/beneficial characteristics
of the traditional rice can therefore be considered as donor
traits for introgression into high yielding rice for varietal
development. Moreover, there is a need to widen the genetic
base of existing salt tolerant commercial varieties using these
cultivars as donors because of their adaptability to different
agroecological conditions common in most coastal areas.
Rice being the staple food of Bangladesh constitutes more
than 70% of the total calorie intake and accounts for nearly
18% of the gross domestic product (GDP). In order to feed
the increasing population in the limited land area available
for cultivation in Bangladesh, the need to increase rice
production is urgent. Stress tolerant high yielding varieties,
therefore, need to be developed. Adapted rice landraces and
their diversity analysis can therefore be an important source
of information for breeding programs geared to increasing
rice productivity.

Genetic uniqueness is brought about by two factors,
inheritance and new mutations or deletions. Since all genetic
differences between individuals are present in the primary
sequence of their genomic DNA, the most straightforward
method of locating uniqueness is by identifying a variant
sequence in an individual for the genome under study [8].
Uniqueness is also related to biodiversity and adaptation
and is modified by natural selection. DNA markers depict
genome sequence composition, thus enabling the detection of
differences in the genetic information carried by the different
individuals. Microsatellites are PCR-based markers that can
detect a significantly higher degree of polymorphism in
rice [9, 10] which is therefore ideal for studies on genetic

diversity and extensive genetic mapping [11]. Ricemicrosatel-
lite markers have been found to be of particular value in
accurate analysis of closely related rice genotypes compared
to other markers [12, 13]. Availability of next generation
sequencing-based genotyping methods cannot decrease the
importance of microsatellite markers for diversity analysis
and fingerprinting if information content, cost, and simplicity
are considered.

Since polymorphic microsatellite markers show different
banding pattern among varieties, those which show distinc-
tive banding pattern can be used as a unique identifier for that
specific variety. The divergent germplasm collection at IRRI
and BRRI has the problem of duplication of name sincemany
traditional varieties are cultivated in multiple regions of the
country and are known by different names due to variation
in local languages. This underlines the importance of unique
identifiers for determining the singularity of these landraces.

In the present study, 38 different varieties of rice from
different regions of the country were used for fingerprinting.
The study included some recently released stress tolerant rice
varieties. The objective of the study was to predict unique
identifiers that can be used to determine the identity of any
specific variety for further studies. An identity map using
the GGT software has also been produced. Assessment of
this genetic variation and grouping through similarity and
dissimilarity will be valuable for proper selection of parents
in breeding and mapping for introgression of novel traits
from rice landraces in order to develop improved varieties.
Thus the information generated from the study will be used
in identifying efficient strategies for the sustainable manage-
ment of the genetic resources of rice crops in Bangladesh.

2. Methods

2.1. Plant Materials. A total of 38 cultivars with differ-
ent characteristics like aromaticity (Kataribhog, Chinigura),
stickiness (Beruin varieties), and salt tolerance (Pokkali,
Horkuch, and Boilam) as well as farmer popular landraces
of some regions along with BRRI derived modern varieties
BRRI dhan41, BRRI dan53, BRRI dhan55, and BRRI dhan56
were subjected to DNA fingerprinting. The varieties were
collected from different regions of Bangladesh (Table 1,
Figure 1). Details of the mode of seed collection from farmers
can be found in previous studies [5, 14]. Rice (O. sativa
L.) landraces grown in the coastal areas were also obtained
from the gene bank at the Bangladesh Rice Research Institute
(BRRI). These lines were collected in 1973 and were assigned
accession numberswhen entered into the gene bank.The IRIS
accessions along with available phenotypic information have
been included in Table 1.The collected seeds were germinated
to produce plants in a net-house at Dhaka University.

2.2. Microsatellite Genotyping. Genomic DNA was isolated
from (0.5–1.0 g) pooled leaf tissue using the modified CTAB
method [15] and was quantified using the nanodrop spec-
trophotometer (nanodrop 1000).The quality of the DNA was
assured by checking in 0.8% agarose gel in TAE buffer. A
total of 34 pairs of SSR primers were used to amplify DNA
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Table 1: List of rice varieties collected from different regions.

Variety Accession Location NPGRC∗ id Properties
Capsule IRIS 121-7435 Satkhira, SW Salt tolerant
Rajashail 1062 IRIS 121-7407
Rajashail
Unknown
Rajashail
Breeding
Mohini Khulna Biotic stress tolerant
Chinikanai IRIS 307-55477 Satkhira 97A00031 Fine aromatic
Nonashail 599 Noakhali
Horkuch IRIS 109-1513 Khulna Salt tolerant
Ranisalute Khulna Salt tolerant
Patnay Khulna 95A00208 Salt tolerant
Boilam 3538 IRIS 6-82602 Noakhali Salt tolerant
Binnatoa IRIS 40-171906 Noakhali Salt tolerant
Bashful Balam IRIS 109-1516
Kali boro 1281 IRIS 6-94498 Faridpur
Khaia boro 4539 IRIS 1-57186 Habiganj
Gheegoj 243 IRIS 1-60817 Noakhali
Shakkar khar
1605 Fine aromatic

Soloi 1713 IRIS 1-58930 Faridpur 04A02113
Latial 7 Moulovibajar 97A00003 Also known as Lathishail
Kataribhog 5 IRIS 1-58168 Dinajpur Aromatic
Chinigura 17 Moulovibajar Aromatic
Raujan 1 Moulovibajar
Push beruin Moulovibajar
Kathaliberuin Moulovibajar Semiglutinous
Horidhan Jhenaidah High yield
Lal bajal Feni
Chikan dhan Fine aromatic
Binni dhan IRIS 307-50894
Paijon IRIS 307-52869 Dinajpur
Kachra IRIS 6-73379 Khulna Salt tolerant
Morichbati IRIS 1-28568
Jaldepa
Lal dupa IRIS 307-51001

BRRI dhan41 BRRI Mod. salt tolerant (tolerance source
SR26B)

BRRI dhan53 BRRI Mod. salt tolerant

BRRI dhan55 BRRI Mod. salt cold tolerant (tolerance source
O. rufipogon)

BRRI dhan56 BRRI

Mod. drought tolerant (tolerance source
is unknown, probably WAY RAREM as
this variety is recommended for acid soils
and high active Al and Fe)

Pokkali IRIS 121-25932 Sri Lanka Salt tolerant
∗NPGRC stands for National Plant Genetic Resource Center which contains passport data containing physiological and phenotypical properties of some of
the rice included in the current study.
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Figure 1: Collection sites for rice samples.

from the leaves. The distribution of the selected SSR primers
was even throughout the 12 rice chromosomes (see Sup-
plementary 1 in Supplementary Material available online at
http://dx.doi.org/10.1155/2014/210328). The 34 markers were
selected on the basis of the genome-wide distribution from
a previous list of highly polymorphic 83 markers identified
in earlier studies on different rice landraces (Z. I. Seraj et
al., unpublished data). Chromosomal location, SSR-motifs,
annealing temperatures, and amplified product size ranges
are summarized in Supplementary 2.

Polymerase chain reaction (PCR) was performed using
50 ng template DNA, 0.1mM dNTPs, 0.33 𝜇M of forward
and reverse primers each, 1.6mM MgCl2, 1x PCR buffer,
2.6% DMSO, and 0.5 unit of recombinant Taq polymerase
(Invitrogen). The mixture was then denatured at 95∘C for
5mins, followed by 35 cycles of denaturation at 95∘C for
1min, 1min of annealing at 55-60∘C (depending on primer’s
Tm), 1min of extension at 72∘C with a final extension
step at 72∘C for 7min. The 34RM markers were obtained
commercially from idt-1st base, Singapore. The amplified
PCR products were resolved and visualized in nondenaturing
10% polyacrylamide gel electrophoresis.The gels were stained
in EtBr and visualized with alpha imager gel documentation
system.

2.3. Scoring for Polymorphic Bands. For the microsatellite
DNA fingerprinting of the cultivars, polymorphism was
scored according to their molecular weight on polyacry-
lamide gels by the “molecular weight analysis” Alpha Ease FC
imaging system (http://www.alphaimager.com/). The geno-
typing was done using the Powermarker Software [16]. The
selected dataset is genotype data, the “unknown” is gametic
phase for the data type, and the missing numeric is −9/−9.

2.4. Analysis of Unique Identifier. GGT2 [17] was used to
locate the unique identifiers. Different alleles for eachmarker
were denoted as different letters to incorporate into theGGT2
software. Distinctive banding patterns among the varieties
were noted.

2.5. Cluster Analysis. Cluster analysis was based on similarity
matrices using the unweighted pair group method with
arithmeticmean (UPGMA) [18] and the relationship between
cultivars was visualized as a dendrogram using Powermarker
andMEGA5.The UPGMA tree was constructed by using the
frequency-based distance for the “shared allele” [19].

3. Results

3.1. Allele Frequency. Using 34 ricemicrosatellite (RM)mark-
ers, a total of 258 reproducible polymorphic bands or alleles
were identified from 38 rice landraces. On average, 2–13 poly-
morphic alleleswere found (ranging from75 to 450 bp) across
the various rice genotypes. The allelic pattern of landraces
using SSR primers representing the 12 rice chromosomes
is shown in Figure 2 and Supplementary 2. Most alleles
were similar to the reported range of size (International
Rice Genome Sequencing Project 2005) (Supplementary
2). For the microsatellite DNA fingerprinting, polymorphic
bands on polyacrylamide gels were scored according to their
molecular weight with reference to the Ladder marker. Major
allele frequencies, allele number, and gene diversity from the
gel scores were calculated by cluster analysis (Table 2).

3.2. Polymorphism Information Content (PIC). Polymor-
phism information content (PIC) was estimated for each of
the 34 markers by Powermarker Software using the equation
by Botstein and coworkers [20]. Higher value of PIC score
indicated higher polymorphism of the SSR marker and
therefore helped to select the best SSR markers in phylogenic
analysis. The PIC values obtained for the 34 markers from
Powermarker [16] are listed in Table 2. Highest PIC value
(0.8936) was observed for RM440 which has 13 alleles among
the 38 varieties. Also RM180, RM261, RM3412, and RM27933
have very high PIC scores and high number of alleles.

3.3. Unique Identifier. Analysis of 34 polymorphic SSRmark-
ers generated a total of 34 unique bands on PAGE for 21
cultivars. Alleles were represented by different color codes
in the GGT Software. Any unique color in the location of a
specificmarker represents the unique allele or banding of that
SSR marker. The unique identifiers observed in the current
study are well distributed among all chromosomes of rice
except chromosome 6 and 11. No unique identifiers could be
located in these 2 chromosomes in the current study. Most of
the unique identifiers found in this study have high PIC score
except RM 101 which had the very low PIC score of 0.099. It is
however unique for the varieties Boilam 3538, BRRI dhan53,
and Nonashail 599. The unique identifiers represented by
GGTare given in Figure 3 (circled) and all are listed inTable 3.
The SSR markers, RM 3412, followed by RM 472, RM 261,
RM27933, and RM 28746 which also had high PIC were
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Variety Variety Variety
Capsule

Rajashail 1062
Rajashail unknown
Rajashail breeding

Mohini
Chinikanai

Nonashail 599
Horkuch

Ranisalute
Patnay

Boilam 3538

Binnatoa
Bashful Balam

[M = 1kb + ladder DNA]

Kali boro 1281

Khaia boro 4539

Gheegoj 243
Shakkar khar 1605

Soloi 1713
Lathial 7

Kataribhog 5

Chinigura 17
Raujan 1

Push beruin
Kathaliberuin

Horidhan
Lal bajal

Chikan dhan
Binni dhan

Paijang
Kachra

Morichbati
Jaldepa

Lal dupa
BR-41
BR-53
BR-55
BR-56
Pokkali

Figure 2: Representative gel showing the polymorphic bands between the varieties. (genotyped with RM7075).
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Figure 3: Identity map for all varieties created using GGT software [17] showing the unique identifiers among 12 chromosomes of rice. (The
unique identifiers are circled).

shown to provide unique identity to a number of cultivars
(Figure 3).

3.4. Cluster Analysis. From the dendrogram (Figure 4) two
major parts of the tree were observed, groups 1 and 2.The first
group is further subdivided into 1A and 1B. The 2nd group is
subdivided into 2A and 2B. However, group 2A was split into
twobranches 2AI and 2AII.Horkuch, Ranisalute, Chinikanai,
and Mohini are under the same clade in 1A. Horkuch and
Ranisalute are local salt tolerant varieties, whereasChinikanai
is an abiotic stress-tolerant aromatic variety. Ranisalute was
also identified as an aromatic variety in a previous study [21].

All 3 of them were also found in the aromatic clade in a
diversity analysis study for salinity tolerance, conducted with
384-plex indica/indica SNP arrays which could distinguish
subgroups within indica germplasm [22].Mohini also known
as BR15 is moderately tolerant to rice hispa (braconid wasp),
that is, a biotic stress tolerant variety with medium and fine
grain [23]. The popular aromatic varieties like Kataribhog,
Chinigura 17, and Chikandhan are clustered together in 1B.
Besides Mohini all other cultivars which fall in clade 1 have
been previously reported in an aromatic subgroup which
indicates that the twomajor groups found in the current study
can be annotated as aromatic (group I) and indica (group 2).
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Figure 4: Dendogram constructed based on the polymorphism of the 38 varieties using the 34 markers used in the study.

Modern BRRI derived moderately abiotic stress tolerant
varieties like BRRI dhan41, BRRI dhan53, BRRI dhan55,
and BRRI dhan56 are grouped under the same category in
group 2AII. The well-known salt tolerant cultivar Pokkali
also belongs to this group. Although the modern varieties
are stress-tolerant, they are diverse from the traditional stress
tolerant genotypes in 1A. Soloi 1713, Kaliboro 1281, khaiaboro
4539, Boilam3538, andBinnatoa are clustered togetherwithin
the larger subgroup, 2AI. These are Aus and photoperiod
insensitive landraces from the mildly saline coast of the
mid northeast Noakhali, as well as nonsaline Faridpur and
Habigonj. This group 2AI also contains photosensitive and
glutinous varieties, but which clustered separately. Patnay,
BashfulBalam, Nonashail599, Rajashail varieties and Capsule

are from the mild to moderate saline prone regions of
Noakhali, Khulna, and Satkhira and are clustered together in
the clade, 2B.

3.5. Pattern of Motif Observed among the Polymorphic SSR
Markers. The markers used in this study had di-, tri-, or
tetranucleotide motifs. 55.88% markers were dinucleotide,
38.26% were trinucleotide, and only 5.88% were tetranu-
cleotide.Among the 10 highly polymorphicmarkers, 60%had
dinucleotide motif, 30% had trinucleotide motif, and only
1% had tetranucleotide motif which shows the high poly-
morphism value of dinucleotide motif-containing markers
among the Bangladeshi rice landraces.
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Table 2: Polymorphism information content of different SSR markers.

Marker Major allele frequency Allele number Chromosome Gene diversity PIC
RM10115 0.39 3 1 0.6440 0.57
RM3412 0.24 12 1 0.8670 0.85
RM7075 0.36 10 1 0.8054 0.78
RM1349 0.21 9 1 0.8629 0.85
RM472 0.34 8 1 0.7576 0.72
RM12476 0.34 5 2 0.7576 0.72
RM13628 0.29 8 2 0.8130 0.79
RM5404 0.53 6 2 0.6593 0.62
RM3867 0.34 11 3 0.8186 0.80
RM261 0.21 13 4 0.8823 0.87
RM5749 0.39 5 4 0.7105 0.66
RM17391 0.29 7 4 0.7881 0.76
RM127 0.39 5 4 0.7008 0.65
RM169 0.50 3 4 0.6219 0.55
RM440 0.16 13 5 0.9017 0.89
RM31 0.24 8 5 0.8296 0.81
RM19516 0.26 7 6 0.8158 0.79
RM20417 0.47 6 6 0.6814 0.63
RM103 0.61 5 6 0.5900 0.56
RM436 0.26 7 7 0.8213 0.80
RM180 0.21 13 7 0.8906 0.88
RM560 0.79 3 7 0.3546 0.33
RM407 0.55 3 8 0.5360 0.44
RM210 0.18 11 8 0.8781 0.87
RM23409 0.79 2 8 0.3324 0.28
RM23966 0.24 9 9 0.8504 0.83
RM24834 0.66 5 9 0.5291 0.50
RM25181 0.16 10 10 0.8767 0.86
RM5806 0.18 9 10 0.8601 0.84
RM3137 0.18 10 11 0.8809 0.87
RM26652 0.21 9 11 0.8740 0.86
RM101 0.95 3 12 0.1011 0.10
RM27933 0.18 12 12 0.8795 0.87
RM28746 0.33 8 12 0.7846 0.75

4. Discussion

The rice germplasm in Bangladesh is vast and divided mainly
into three different major groups, that is, indica, aus, and
aromatic [3, 24–26]. Farmers in the region used to grow
large number of local landraces with special characteristics.
Many of these have already become extinct or are on their
way to become so. The main reason for not planting these
landraces is their low yield, long growth duration, lodging,
and weak stems. So studies on genomic identification and
characterization of traditional varieties are important since
they possess traits which have allowed them to adapt to
the native environment. Characterization of these genotypes
followed by their utilization as genetic donors is crucial to
maintain food security for the country in years to come.
The rice collection in this study was from the southern

coastal region as well as the north-east region which are well
known for their saline tolerant, aromatic, and sticky varieties,
respectively. Moreover, the study included recently released
high yielding varieties reported to be salt and drought
tolerant produced by the Bangladesh Rice Research Institute.

Genetic variations among accessions in this study were
assessed using microsatellite markers. Rice microsatellite
(RM) or simple sequence repeat (SSR)markers are robust and
codominant (i.e., they can detect heterozygous loci), exhibit
high allelic variation, and are widely distributed throughout
the Oryza genome [27]. More than 1000 microsatellite mark-
ers have been characterized in rice [28] and sequences of
around 20000 SSR markers are published after sequencing of
the rice genome [29] which are available through a searchable
interface of the Gramene database [30]. These markers are
robust and are based on the variable repeat of specialmotifs in
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different varieties. DNA markers are not very easily affected
by environmental factors and/or developmental stages of
the plant [31, 32] making it a good choice for studying
polymorphism. The unique mechanism for generation of
SSR allelic diversity by replication slippage [33] is one of
the reasons that SSRs show high polymorphism. Moreover,
they are not limited to variations in only coding regions like
allozyme loci [34]. Microsatellites are particularly important
as they can be easily compared among laboratories. Ease of
use, availability, and high polymorphic rate compared to the
sequencing-based genotyping markers still make microsatel-
lites the marker of choice for low cost local studies.

The molecular identity of local and BRRI varieties and
their association with each other will provide important
information for the better management of the rice varieties
for breeding and preservation. In the current study, on
average 2–13 polymorphic alleles were found (ranging from
80 to 350 bp) across the various rice genotypes. Dinucleotide
repeat motifs displayed higher level of variation among the
rice genotypes than the other motifs which confirmed the
abundant nature of dinucleotide repeat polymorphism as
reported earlier [35].

TheUPGMA (unweighted pair groupmethod with arith-
metic mean) method was applied in the construction of
the dendrogram that is a simple agglomerative or bottom-
up data clustering method used for the creation of phy-
logenetic trees. UPGMA algorithm examines the structure
present in a pairwise distance matrix for constructing a
rooted tree or dendrogram. The fingerprinting result with
34 RM markers grouped the landraces into 2 major groups
and 5 subgroups after cluster analysis. The varieties could
be differentiated according to their aromaticity, stickiness
properties, high yielding characteristics, photoperiodicity,
and modern or traditional characteristics. Interestingly, the
salt tolerant genotypeswere present in 3 different groups.This
suggests involvement of different sets of genes responsible for
their tolerance and intercrossing could lead to a combination
of different mechanisms. This hypothesis will however need
to be tested further. Some varieties were grouped together
even though therewere no known similar properties amongst
them. More markers or a different set may provide a different
picture of relatedness. Major varieties in Group I constituted
well known aromatic varieties like Kataribhog, Chinigura,
and so forth; however, some of the varieties like Horkuch and
Ranisalute are well known for their salinity tolerance but not
aroma. In a recent study by Platten and coworkers [36] the
association of Na+ exclusion and salt tolerance with aromatic
alleles was shown based on OsHKT phylogeny. In another
diversity study by Thomson and coworkers [22, 26] with 384
SNPmarkers, varieties likeHorkuch andRanisalute were also
grouped with aromatic varieties as observed in the present
study. These two reports along with the current findings are
significant in terms of delineatingmarkers to characterize the
traditional varieties for novel traits. These also indicate that
the two major branches found in the current study should be
aromatic (group 1) and indica (group 2). Aromatic varieties
were described as an intermediate division between indica
and japonica subpopulation in some earlier studies [37],
but in all current studies Aromatic varieties form a distinct

subgroup from indica and japonica [3, 24, 25, 38]. Grouping
of Mohini with the other aromatic varieties needs further
investigation indicating some novel common property, since
this is commonly known as an Aus and Boro variety with
medium grain architecture [23]. In group 2A-II the BRRI
derived high yielding varieties formed a well differentiated
clade, while in group 2A-I some of the sticky rice varieties
from northeast region grouped into the same clade.

Most of the markers were found to be of high PIC score
which indicates the ability of the markers to detect polymor-
phism between closely related varieties in high resolution.
The level of polymorphism determined by the PIC value
(mean = 0.69) is consistent with the range of PIC values
observed in the earlier published reports. In one of these
reports the PIC values ranged from 0.24 to 0.92 with an
average value of 0.61 [38], in other reports, PIC ranged from
0.19 to 0.90 with an average of 0.75 and in another study, with
an average value of 0.78 [39]. The result revealed that marker
RM440 which has a PIC value of 0.89 with 13 different alleles
would be best in screening rice genotypes followed by RM180
and RM261.

Unique identifier can be used as a distinctive passport for
local germplasm. This can be very useful in identification of
variants as well as their progenies which is important for pro-
tecting the intellectual property right (IPR) for Bangladeshi
accessions. A total of 34 unique identifiers for 21 varieties
were observed from the analysis of 34markers and an identity
map presented (Table 3 and Figure 3). The PIC score for the
unique markers ranged from 0.7 to 0.9, except RM 101 which
was found to have very low PIC score (0.099). Although
RM101 is less polymorphic, which has only 3 different alleles
among the cultivars under study, it was interesting to note
that this marker (RM101) alleles were recognized as unique
identifiers for the varieties, Boilam 3538 and BRRI dhan53.
In general, the unique identifiers did not show any bias in
their chromosomal location except for chromosomes 6 and
11, where no unique identifier was detected for the cultivars
in this study.

In short, the study could successfully locate 34 unique
identifiers for 21 varieties from the analysis of 34 polymorphic
SSR markers. As these markers can verify the respective
varieties uniquely, they can be used in crop identity pro-
tection in breeding programs to improve rice varieties. The
polymorphic markers used in the study were evaluated by
PIC score which is a measure of polymorphism of the
markers. This score is valuable for choosing highly poly-
morphic markers for linkage analysis and variety selection
for breeding program of rice germplasm. A dendogram was
constructed based on the frequency based distances of the
38 cultivars under study, which could cluster the cultivars in
the two major subpopulation structures of Oryza sativa that
is Aromatic Indica. This clustering could further subdivide
the cultivars according to their phenotypical characteristics to
some extent.This informationwill be useful for improvement
of rice production or development of new rice varieties.
Moreover, this genetic distance analysis provides the evolu-
tionary linkage perspective between traditional and modern
varieties being released in Bangladesh through international
efforts of institutions like IRRI. Potential of these unique
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Table 3: List of 34 unique identifiers found from the study.

Variety Marker Chr PIC MW
Capsule RM27933 12 0.87 172
Rajashail 1062 RM17391 4 0.76 182
Chinikanai RM261 4 0.87 110

Horkuch RM180 7 0.88 143
RM23966 9 0.83 226

Ranisalute RM27933 12 0.87 160

Boilam 3538 RM101 12 0.099 319
RM27933 12 0.87 140

Bashful Balam RM472 1 0.72 272
Kali boro 1281 RM3867 3 0.8 216

Shakkar khar 1605 RM472 1 0.72 270
RM28746 12 0.74 142

Soloi 1713 RM7075 1 0.77 169
RM472 1 0.72 284

Latial 7 RM23966 9 0.83 234

Kataribhog 5 RM210 8 0.87 158
RM24834 9 0.49 314

Chinigura 17 RM3412 1 0.85 124
Raujan 1 RM3412 1 0.85 107
Push beruin RM3412 1 0.85 117

Horidhan

RM13628 2 0.79 215
RM261 4 0.87 119
RM440 5 0.89 191
RM210 8 0.87 157

Chikan dhan RM25181 10 0.86 137

Binni dhan RM13628 2 0.79 268
RM180 7 0.88 115

BRRI dhan53
RM261 4 0.87 130
RM25181 10 0.86 158
RM101 12 0.099 279

BRRI dhan56 RM31 5 0.81 126

Pokkali
RM3412 1 0.85 95
RM7075 1 0.77 162
RM28746 12 0.74 126

identifiers to be linked with any QTL region or special
physical properties will need to be examined further. In
future, inclusion of more SSR markers and cultivars from
other regions of the country will be helpful in terms of
characterizing the diverged rice germplasm of Bangladesh.
Genotypic data obtained from these studies along with their
physiological characterization can be used in construction of
a database.
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Abstract 
Salinity is one of the most critical environmental problems, which causes plant growth retardation 
by disturbing intracellular ion homeostasis. The Na+/H+ antiporter plays an important role in re-
sistance to salt stress by sequestering Na+ in exchange for H+ across the vacuolar membranes. In 
the current study, the coding regions of two Arabidopsis antiporters (AtNHX1 and AtNHX2) and 
one rice antiporter (OsNHX1) were amplified by target specific PCR. PCR amplicons were first cloned 
into pENTR/D-TOPO and later recombined with a destination vector (pK7WG2.0) by LR reaction. 
Positive clones were selected by PCR, restriction digestion (RD) and sequencing. They were then 
transformed into Agrobacterium tumefaciens (LBA4404 strain) for subsequent transformation of 
farmer popular tomato varieties. 
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1. Introduction 
Agricultural productivity is severely hindered by salinity, since a large terrestrial area of the world is affected by 
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salt levels harmful for plant growth [1]. Water potential homeostasis and ion distribution in plants are disturbed 
by high salt stress and this disturbance occurs at both the cellular and whole plant level leading to molecular 
damage, growth retardation and plant death [2]. Twenty percent land of Bangladesh is in the coastal area, of 
which 53% is affected by various degrees of salinity [3]. Moreover, increasing sea levels and upper riparian wa-
ter withdrawal is resulting in salinization of more and more cultivable areas further north from the coastal areas 
and is one of the major threats to crop production of the country. 

In addressing the problem of salt stress both conventional breeding and transgenic approaches have been at-
tempted [4]. However, the transgenic approach is regarded more successful for the development of abiotic stress 
tolerant plants because it can help control timing, tissue specificity and expression level of the introduced genes 
[5]-[8]. A number of genes and transcription factors have already been tested for their efficiency in conferring 
salinity tolerance. Salt overly sensitive 1 (SOS1) gene from Arabidopsis thaliana is reported to be a plasma 
membrane antiporter and its over-expression has been shown to improve salt tolerance in Arabidopsis [9]. 
Over-expression of a vacuolar Na+/H+ antiporter (AtNHX1) in Arabidopsis allowed transgenic plants to grow in 
high concentrations of salt [10]. The vital role of Na+ compartmentation has been further demonstrated in trans-
genic tomato plants over-expressing AtNHX1. Such tomato plants grown in the presence of 200 mM NaCl were 
able to grow, flower and set fruit [11]. Over-expression of rice vacuolar Na+/H+ antiporter (OsNHX1) has been 
found to confer salt tolerance to transgenic rice [12] [13] and maize [14]. There are several reports on the im-
portance of vacuolar Na+ compartmentation in plant salt tolerance [15]-[17]. Additional evidence supporting the 
role of vacuolar transport in salt tolerance has been provided by Arabidopsis plants over-expressing a vacuolar 
H+-PPiase [18]. These results suggest that enhanced vacuolar H+-pumping in transgenic plants allow vacuolar 
sodium accumulation via the vacuolar Na+/H+ antiporter. 

The Arabidopsis thaliana vacuolar Na+/H+ antiporter AtNHX1 is a determinant of salt tolerance [9]. Sequence 
similarity, protein topology and conserved functional domains in AtNHX1 and mammalian NHE Na+/H+ anti-
porters helped identify five additional AtNHX genes (AtNHX1 to AtNHX6) [19]. Similar to AtNHX1, AtNHX2 
and AtNHX5 are localized in the tonoplast of plant cells whereas the expression of the other antiporters (AtNHX3, 
AtNHX4 and AtNHX6) may not be associated with salt adaptation, at least at the seedling stage [20]. On the 
other hand, the OsNHX family was also found to be a competent determinant of salt tolerance in transgenic 
plants [21]. Five NHX-type antiporter genes have been found in rice (OsNHX1 through OsNHX5) and over-ex- 
pression of the vacuolar OsNHX1 gene was found to improve tolerance in both rice cells and plants. OsNHX1 
had the ability to suppress Na+, Li+, K+ and hygromycin sensitivity of yeast nhx1 mutants [12]. In the current 
study, coding regions of two antiporter genes (AtNHX1 and AtNHX2) from Arabidopsis and one from rice 
(OsNHX1) have been cloned separately with the aim to transform and over-express them in farmer popular 
Bangladeshi tomato varieties. 

2. Materials and Methods 
The target gene sequences were collected from NCBI database and the “gi” for the genes and their individual 
sequence lengths are provided in Table 1. The coding regions were aligned by ClustalW2 
(http://www.ebi.ac.uk/Tools/msa/clustalw2/) and sequence similarities were noted both at the nucleotide and 
amino acid level. 

Arabidopsis seeds were grown for 20 - 25 days and 150 mM salt stress was applied for 24 hrs before extract-
ing total RNA using TRIZOL following the manufacturer’s protocol (Invitrogen, USA). The extracted RNA was 
quantified using Nanodrop® spectrophotometer ND-1000 (Thermo Fisher Scientific Inc., USA) and the cDNA 
was synthesized from isolated RNA using SuperScript™ first-strand synthesis kit (Invitrogen, NY, USA). 
 
Table 1. Three antiporter gene accessions with their sequence lengths. 

Sl Genes Accession Seq length (nucleotide) Seq length (amino acid) 

1. AtNHX1 gi|30690553_471-2087 1617 bp 538 bp 

2. AtNHX2 gi|334185089_348-1988 1641 bp 546 bp 

3. OsNHX1 gi|5731736_297-1904 1608 bp 535 bp 

http://www.ebi.ac.uk/Tools/msa/clustalw2/
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Three primer sets were designed for the three different gene targets (Table 2). The forward primers in each 
case were designed with a CACC overhang to ensure compatibility with the pENTR/D-TOPO vector (Invitrogen, 
NY, USA). All three target genes were amplified using different PCR amplification programs. PCR optimization 
for AtNHX1 was as follows: initial denaturation at 95˚C for 5 min and 35 cycles of denaturation at 95˚C for 1 
min, annealing at 61.5˚C for 1 min, extension at 72˚C for 1.30 min followed by a final extension at 72˚C for 10 
min. The second target coding region (AtNHX2) (1.6 kbp) was amplified following the PCR condition which 
was optimized with initial denaturation at 95˚C for 5 min and 35 cycles of denaturation at 95˚C for 1 min, an-
nealing at 59.5˚C for 1 min, extension at 72˚C for 1.30 min and final extension at 72˚C for 10 min. Later the 
coding region of OsNHX1 gene was amplified from a pre-cloned OsNHX1 construct [13] deleting its UTR por-
tion. The PCR was optimized with initial denaturation at 95˚C for 5 min and 35 cycles of denaturation at 95˚C 
for 1 min, annealing at 63.5˚C for 1 min, extension at 72˚C for 2.10 min and final extension at 72˚C for 10 min. 
A final concentration of 2.3 mM MgCl2, 0.1 mM dNTPs and 0.3 μM of each primer and 1 unit of recombinant 
Taq polymerase (Invitrogen, Carlsbad, CA, USA) were used for each target gene amplification. 

Final PCR amplicons were gel extracted and quantified using a nanodrop. The three target genes were cloned 
into pENTR/D-TOPO vector (Invitrogen, NY, USA) by following the manufacturer’s protocol (Invitrogen, NY, 
USA). The pENTR_OsNHX1, pENTR_AtNHX1 and pENTR_AtNHX2 plasmid constructs were individually 
transformed into E. coli DH5α competent cells using standard protocols [22]. Successful cloning of the genes 
were confirmed by gene specific PCR, restriction digestion of the isolated plasmids with SacI and EcoRV (NEB, 
Ipswich, MA, USA) followed by sequencing of the clones. pENTR/D-TOPO cloning allowed recombining the 
desired sequences of the three different genes into the destination vector (pK7WG2.0) in three separate LR re-
combination events [23]. The LR reactions were carried out following the manufacturer’s protocol (Invitrogen, 
NY, USA). Positive clones were first screened by PCR using gene specific primers and then by restriction di-
gestion with HindIII (NEB, Ipswich, MA, USA). 

Finally, Agrobacterium tumefaciens (LBA4404 strain) was transformed by electroporation with pK7WG2_ 
OsNHX1, pK7WG2_AtNHX1 and pK7WG2_AtNHX2 constructs using standard protocols [22]. Positive clones 
were selected based on PCR reactions with gene specific primers (Table 2). 

3. Results and Discussion 
Sequences of all three antiporters were retrieved from NCBI GenBank and checked for their similarities at both 
the nucleotide and amino acid levels. The percent matrix for the nucleotide sequences revealed that AtNHX1 
coding region is closely similar to AtNHX2 (83.36%) whereas the OsNHX1 is approximately 70% similar to both 
AtNHX1 and AtNHX2 coding regions (Table 3). Amino acid sequence specificity has been shown to have a role 
in salt stress tolerance [24]. Therefore, all three genes will individually be cloned into a transformation vector 
for over-expression in tomato to see the efficiency of these genes in conferring salt tolerance to the transgenic 
lines. 

Identities based on amino acid sequences of OsNHX1, AtNHX1 and AtNHX2 genes are closer than the nucleo-
tide bases (Table 4). 

Three different PCR programs were optimized for amplifying the target genes (OsNHX1, AtNHX1 and AtNHX2). 
PCR amplicons of the desired size were then gel purified (Figure 1(a)). 
 

Table 2. Primer list with their corresponding sequences used in this study. 

Sl Primer Sequence 

1. OsNHX1_F CACCATGGGGATGGAGGTGGCG 

2. OsNHX1_R TCATCTTCCTCCATGGCTCTGC 

3. AtNHX1_F CACCATGTTGGATTCTCTAGTGTC 

4. AtNHX1_R TCAAAGCTTTTCTTCCACG 

5. AtNHX2_F CACCGAAAGATGACAATGTTCGCCTC 

6. AtNHX2_R TCAAGGTTTACTAAGATCATGGCTG 
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Table 3. Percent identity matrix (nucleotide bases). 

Sl Genes Accession Seq length Col 1 Col 2 Col 3 

1. AtNHX1 gi|30690553_471-2087 1617 100.00 83.36 70.87 

2. AtNHX2 gi|334185089_348-1988 1641 83.36 100.00 71.02 

3. OsNHX1 gi|5731736_297-1904 1608 70.87 71.02 100.00 

 
Table 4. Percent identity matrix (amino acid bases). 

Sl Genes Accession Seq length Col 1 Col 2 Col 3 

1. AtNHX1 gi|30690553_471-2087 538 bp 100.00 88.66 72.93 

2. AtNHX2 gi|334185089_348-1988 546 bp 88.66 100.00 74.95 

3. OsNHX1 gi|5731736_297-1904 535 bp 72.93 74.95 100.00 

 
 L1   L2       L3       L4 

L1   L2 

3 kb 
1.6 kb 

L1  L2  L3  L4      L5 

L1   L2   L3   L4   L5   L6   L7 

9 kb 

3 kb 

(a) 

4 kb 

1.6 kb pENTR pENTR 

1.6 kb 
1.6 kb 

3 kb 

L1  L2  L3  L4  L5  

(b) 

(c) (d) (e) 

(f) (g) 

SacI 

EcoRV 

EcoRV 

ORFs: 
a: 535 aa 
b: 269 aa 
c: 131 aa 

ORFs: 
a: 551 aa 
b: 269 aa 
c: 133 aa 

 
Figure 1. Molecular verification of three antiporter genes cloned individually in pENTR vectors. (a) L1: 1 Kb + DNA Ladder. 
L2 - L4: Amplified and gel purified coding regions of AtNHX2, AtNHX1 and OsNHX1, respectively; (b) Recombinant 
pENTR/D-TOPO vectors harbouring OsNHX1, AtNHX1 and AtNHX2 genes. L1: pENTR_AtNHX2. L2: pENTR_AtNHX1. L3 
- L4: pENTR_OsNHX1. L5: 1 Kb + DNA Ladder; (c) (d) pENTR_OsNHX1, pENTR_AtNHX1 showing cutting sites for SacI 
and EcoRV; (e) L1: 1 Kb + DNA Ladder. L2 and L4: Single cut bands produced by SacI and; L3 - L5: Two fragments pro-
duced by EcoRV; (f) pENTR_AtNHX2 digested with EcoRV. L1: 1 Kb + DNA Ladder. L2: Double digested pENTR_ 
AtNHX2 with EcoRV; (g) Plasmids isolated after LR reaction between entry clones (pENTR_OsNHX1, pENTR_AtNHX1 and 
pENTR_AtNHX2) and destination vector (pK7WG2.0). The isolated plasmids were digested with Hind III. L1: 1 Kb + DNA 
Ladder. L2 - 4: Digested products of pK7WG2_AtNHX2. pK7WG2_AtNHX1 and pK7WG2_OsNHX1 respectively. L5 - L7: 
Uncut pK7WG2_AtNHX2, pK7WG2_AtNHX1 and pK7WG2_OsNHX1, respectively. 
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The PCR amplified products of the three antiporter genes were cloned into the entry vector pENTR/D-TOPO. 
The vector is designed to facilitate rapid, directional TOPO® cloning of blunt-end PCR products for entry into 
the Gateway® System [8]. The system was adopted for this experiment since inserts can be cloned in the vector 
in correct orientation with efficiencies equal to or greater than 90% (Invitrogen, NY, USA). Following trans-
formation and O/N incubation, colonies were observed on the LB plates containing the antibiotic kanamycin. 
Isolating of the desired size plasmids confirmed successful cloning (Figure 1(b)). 

The plasmids were further validated by gene specific PCR—performed according to conditions mentioned in 
the method section (figures not provided). PCR positive clones were then digested with restriction enzymes SacI 
and EcoRV. The predicted cutting fragment for SacI was single and double cutting fragments were predicted for 
EcoRV. The digested products were visualized as having the correct fragment lengths (Figures 1(c)-(f)). All 
three constructs (pENTR_OsNHX1, pENTR_AtNHX1 & pENTR_AtNHX2) were predicted to digest at 2.8 kbp 
and 1.3 kbp for the EcoRV enzyme and for SacI at 4.1 kbp. Further confirmation of the OsNHX1, AtNHX1 and 
AtNHX2 cloning into pENTR were performed by sequencing using gene-specific and M13 primer pairs. The se-
quenced results showed 100% similarities with the sequences retrieved from the databases. 

pENTR clones with the target antiporter genes (OsNHX1, AtNHX1 and AtNHX2) were recombined into binary 
vector pK7WG2.0 through LR reactions. This LR recombination reaction creates an expression clone for plant 
transformation retaining the selectable markers for transformation into bacteria and plants [23]. The destination 
binary vector (pK7WG2.0) is compatible for both E. coli and Agrobacterium. Following LR recombination reac-
tions and transformations, colonies were observed on the LB plates containing the antibiotics, spectinomycin and 
streptomycin. Plasmids were isolated from these colonies and positive clones were confirmed by PCR using 
genes specific primers (Figures not shown) and by HindIII digestion (Figure 1(g)). As predicted for HindIII all 
constructs (pK7WG2_OsNHX1, pK7WG2_AtNHX1 & pK7WG2_AtNHX2) were positive for the expected DNA 
fragments were at ~9.5 kbp and 1.7 kbp. The positive clones showed the right size for all three constructs 
(Figure 1(g)). 

The positive constructed destination vectors were transformed into Agrobacterium (LBA4404 strain) by elec-
troporation. The transformed plates were kept at 28˚C for 72 hrs and positive colonies were screened by PCR 
using gene specific primers (Table 2). The PCR reactions were conducted to amplify the whole regions of 
OsNHX1 (1.6 kbp), AtNHX1 (1.6 kbp) and AtNHX2 gene (1.6 kbp). The genes were amplified to the expected 
size at 1.6 kbp (figure not shown). 

During this experiment several modifications had to be made to the manufacturer’s protocol for successful 
cloning of the 1.6 kdp NHX genes into pENTR/D-TOPO. The incubation time had to be extended from 1 hr to 2 
hrs and the cloning reaction volume was made 10 µl instead of 6 µl [25]. In addition to this, the LR reaction 
protocol also had to be modified. The initial concentration for the LR was optimized to 25 ng/µl. The vector to 
insert ratio for both pENTR and LR reaction had to be raised to 1:1. These modifications will help cloning other 
genes using the Gateway cloning strategy. 

The final aim of the current study is to develop salt tolerant tomato varieties without disturbing their high 
yield quality. The transformation protocol has already been optimized [26] for the tomato varieties and the 
transformation processes with these constructs are underway. In future, transgenic tomatoes containing these 
constructs will be screened for their levels of salinity tolerance and yield potential. Moreover, effectiveness of 
these genes will also be compared to study the effect if any of the differences present in the three gene se-
quences. 
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ABSTRACT: Tools of plant biotechnology can be applied as a routine procedure for improving rice grain quality 
or production of desired recombinant proteins in the rice seeds. For this purpose, endosperm specific promoter 
is a useful choice as desired gene expression would take place only in rice seed and not in root or shoot. Also, 
rice seed has become an attractive bioreactor for the production of recombinant proteins compared to other 
cereals. Glutelins are the most abundant storage proteins in rice grain which constitute up to 80% of the total 
protein content. The promoter region of GluB-1, one of the glutelin genes in rice, has been used as a model to 
study the regulation of seed-storage protein accumulation. In this study the upstream region (~2.4 kb) of the 
GluB-1 gene was amplified from the genomic DNA of the Nipponbare cultivar of Oryza sativa (japonica group) 
and then cloned successively into an entry and promoter‐characterization binary destination vector having the 
reporter gene β‐glucuronidase (GUS) by applying Gateway Technology. Three plants generated by Agrobacterium 
mediated tissue culture were confirmed by PCR with GluB-1 specific primer. In the transformed plants, 
histochemical GUS assay showed no expression in the root and shoot but was prominent in the endosperm of the 
T1 seeds. Therefore this 2.4 kb promoter from Nipponbare rice can be successfully used to improve rice grain 
quality or express stable recombinant proteins in rice seeds for therapeutic purposes. 
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INTRODUCTION 
 

Rice is one of the world's most important crops especially 
in the developing countries though the grain has lowest 
protein content (5 – 12%) compared to other cereals. Rice 
grains contain low levels of amino acids lysine and 
threonine1,2 and is also a poor source of essential vitamins 
and micronutrients. Therefore there is a need to improve 
its nutritional value. Rice seeds are also considered a 
potential candidate for producing stable antibodies and 
vaccines. The endosperm of a seed forms an ideal storage 
for the production of recombinant protein due to low cost, 
control over the production rate, high level of safety 
during storage of the recombinant protein and low risk of 
pathogens.3-6 
 

For improving the quality and quantity of rice proteins, 
conventional breeding has not been promising.2 But rapid 
progress in molecular techniques like genetic engineering 
is now providing another possible option for improvement 
of the rice grain. By Agrobacterium-mediated 
transformation a soybean ferritin gene (soyferH-1) was 
transformed into rice under the control of a rice 
endosperm-specific promoter GluB-1 (1.3 kb). It was 
found that transgenic rice accumulated ferritin protein in 

the seed and iron concentrations in transgenic rice seed 
were found to increase up to threefold over non-
transformant seed.7 

 

It has been reported that recombinant proteins, antibodies 
or vaccines that accumulated in rice seeds are very stable, 
can be administered orally without any need for further 
processing  and purification and can be stored for years 
even at room temperature without decomposition.7 
Vaccines administered via seeds are thought to trigger 
antibody production by the mucosal immune system 
without processing or purification.8 But the production of 
a desired protein using transgenic technology could be 
affected by lots of factors. Here choice of promoter plays 
a crucial role as it determines the temporal and spatial 
expression pattern and the transcript level of a gene.9 

 

Promoters used in biotechnology are of three different 
types according to the intended type of control of gene 
expression. They are constitutive, inducible and tissue 
specific. The most commonly used constitutive promoter 
is Cauliflower mosaic (CaMV) 35S promoter derived from 
plant virus sources.10 It can drive high levels of transgene 
expression in both dicots and monocots11,12 and virtually  
all tissues. But constitutive over-expression of transgenes 
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may lead to undesirable pleiotropic effects in transgenic 
plants.13,14 Thus, the use of inducible or tissue specific 
promoter is needed to attain temporal and tissue-specific 
expression of foreign genes. 
 

Inducible promoters are modulated by abiotic factors such 
as salinity, drought, cold and wounding. A stress-
responsive promoter RD29A promoter isolated from 
Arabidopsis has been shown to improve stress tolerance 
without causing growth defects.15 DREB1 gene under the 
control of the RD29A promoter has been expressed in 
several crops including tobacco,16 chrysanthemum, potato, 
peanut, soybean, wheat and rice.17 These transgenic plants 
showed improved stress tolerance without any growth 
defects. Another stress inducible promoter, Oshox24 
placed upstream of OsNAC6 gene was used to generate 
transgenic rice plants, which showed increased stress 
tolerance with no growth defects.18 

 

Tissue-specific or development-stage-specific promoters 
direct the expression of a gene in specific tissues or at 
certain stages of development. Over-expression of 
OsNAC10 under the control of a root-specific promoter, 
RCc3,19 showed improved plant tolerance of transgenic 
rice to drought, high salinity, and low temperature during 
the vegetative stage of growth demonstrating the potential 
use of root-specific expression strategy for improving 
drought tolerance in rice.20 Another promoter of fruit 
ripening-related genes has been targeted for their potential 
use in fruit-specific expression of transgenes. Promoters 
from the 1-aminocyclopropane-1-carboxylate (ACC) 
oxidase gene have been characterized from apple.21 
Analysis of the apple ACC oxidase under ACC oxidase 
promoter in transgenic tomato showed that this promoter 
was able to drive ripening-specific expression of 
antiporter gene in the tomato fruit, with no activity present 
in other tissues (roots, leaves, flowers) or in immature or 
mature green fruits. 
 

Promoters specifically active in rice seeds are thus useful 
in transgenic approach and for production of recombinant 
proteins or improvement of rice grain quality. So tissue 
specific gene expression is desirable because they 
minimize the deleterious effects of transgene 
overexpression such as stunting, increased susceptibility 
to pathogen attack and reduction in yield.22 Also foreign 
protein genes driven by an endosperm-specific promoter 
are more stable than those driven by ubiquitous 
promoters.23 But the lack of characterization and 
availability of strong endosperm-specific promoters for 
driving the expression of recombinant protein genes in the 
cereal endosperm is still a major limitation9 and the 
expression level of the target gene in the desired tissue is 
often not satisfactory.24 

 

The glutelin gene promoters of rice are ideal candidates 
for isolating and obtaining strong promoters with 
endosperm specificity9 as rice glutelin, accounts for ~80% 
of the total rice seed storage protein. GluB-1 is a glutelin 
promoter which expresses specifically in the endosperm 
during seed ripening and is commonly used for foreign 
gene expression in transgenic rice seeds.7 

 

GluB-1 promoter has already been used in various 
transgenic approaches such as to produce higher level of 
β-carotene in golden rice. Recently GluB-1 promoter was 
used to improve bacterial carotene desaturase (CrtI) in the 
pathway of β-carotene synthesis.25 Also the storage 
protein glycinin of soybean was expressed in transgenic 
rice plants under the control of the rice glutelin GluB-1 
promoter.26 One of the most important applications of 
GluB-1 promoter is in rice-based oral vaccine production. 
This vaccine expressed cholera toxin B subunit (CTB) 
under the control of the promoter GluB-1 (2.3 kb) with 
codon usage optimization for expression in rice seed. This 
vaccine offers a highly practical and cost-effective 
strategy for orally vaccinating large populations against 
mucosal infections.27 

 

GluB-1 promoter of different sizes (1.3 kb, 2.3 kb and 2.4 
kb) was used previously in various transgenic researches. 
All these promoters showed seed specific expression in 
the aleurone and subaleurone layer.2 Both 1.3 kb and 2.3 
kb size GluB-1 promoters showed high activity in the 
region of the endosperm close to the embryo. But GUS 
expression of the 2.3 kb GluB-1 promoter was higher than 
1.3 kb GluB-1 in both transgenic rice seeds and after 
different days of flowering.7 So in this study, the 2.4 kb of 
the GluB-1 promoter was isolated from Nipponbare rice, 
then cloned and characterized in the rice variety Binnatoa, 
prior to its further use to express endosperm-specific 
proteins. 
 

The transformation event was successful and high 
endosperm-specific expression of the reporter gene GUS 
downstream of the 2.4 kb GluB-1 promoter in rice seed 
was confirmed. It was therefore shown that the 2.4 kb 
upstream region from Nipponbare was also the ideal size 
of promoter to drive successful expression of recombinant 
proteins in rice grain. 
 

MATERIALS AND METHODS 
 

Construction of pENTR_GluB-1 vector 
DNA was extracted from Nipponbare rice variety using 
the CTAB method28 and then quantified by Nanodrop® 
spectrophotometer ND‐1000 (Thermo Fisher Scientific 
Inc. Waltham, MA, USA). Later the upstream region 
(2407 bp) of GluB-1gene (GluB-1 promoter; Gene name 
OS02G0249800, Gene ID 4328883) was amplified with 
target specific primers (Table 1) by polymerase chain 
reaction (PCR). CACC overhang was added to the 
designed forward primer to ensure its compatibility with 
pENTR/D‐TOPO vector.  The PCR reaction program was 
optimized as follows: Initial denaturation was at 95°C for 
5 min and 35 cycles of denaturation at 95°C for 1 min, 
annealing at 56°C for 1 min, extension at 72°C for 2 min 
30 sec followed by a final extension at 72°C for 10 min. A 
final concentration of 2.3 mM MgCl2, 0.1 mM dNTPs, 0.3 
µM of each primer and 1 unit of recombinant Taq 
polymerase (Invitrogen, Carlsbad, CA, USA) was used. 
The desired GluB-1 promoter of 2407 bp was extracted 
from the gel using Qiaquick Gel extraction kit (Qiagen, 
Hilden, Germany) and quantified through a nanodrop. The 
cloning reaction was initiated into pENTR/D‐TOPO 
vector (Invitrogen, Carlsbad, CA, USA) following the 
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manufacturer’s protocol. E. coli DH5α competent cells 
were transformed by the pENTR_GluB-1 plasmid 
construct through heat shock employing standard 
protocols.29 Then successful cloning into pENTR/D‐TOPO 
was confirmed by PCR using GluB-1 specific primers, 
restriction digestion with EcoRV restriction enzyme 
(NEBrinc, Ipswich, MA, USA). Final confirmation of the 
pENTR_GluB-1 plasmid construct was done with gene 
specific primers by direct sequencing. 
 

Construction of pHGWFS7.0_GluB-1_GUS vector and 
transformed into Agrobacterium 
pENTR_GluB-1 vector was recombined into the 
destination vector (pHGWFS7.0) by the Gateway® LR 
recombination reaction (Invitrogen, Carlsbad, CA, USA) 
according to manufacturer’s protocol (Invitrogen, 
Carlsbad, CA, USA). The destination vector 
(pHGWFS7.0) used in this study is efficient for analysis 
of promoter expression.30 Site specific recombination 
properties of the Gateway system allowed recombination 
between GluB-1 promoter from the pENTR_GluB-1 and 
the target destination vector (pHGWFS7.0) where the 
GluB-1 promoter would be placed successfully 
immediately upstream of the GUS gene. Positive colonies 
were confirmed by PCR with GluB-1 specific primers and 
restriction digestion with NcoI (NEBrinc, Ipswich, MA, 
USA). Then using standard protocols,31 Agrobacterium 
tumefaciens (LBA4404) was electroporated with cloned  
destination vector pHGWFS7.0_GluB-1_GUS. Finally 
positive colonies which contain desired 
pHGWFS7.0_GluB1_GUS vector were confirmed by PCR 
reactions with GluB-1 promoter specific primers. 
 

Table1. List of primers used in the study. 
 

Primer  Sequence 

GluB-1_2.4DF 5′‐CACCCAGATTCTTGCTACCAAC‐3′ 

GluB-1_SPR  5′‐GGCCATAGAACCATGGCAT‐3′ 
 

Generation of transgenic rice by tissue culture method 
 

Callus induction, pre‐incubation and co‐cultivation: 
Binnatoa rice variety was used for transformation with 
desired pHGWFS7.0_GluB-1_GUS vector. Dehusked 
mature seeds were surface sterilized and plated directly on 
MS callus induction medium (MS salts, organic elements, 
30 g/l sucrose, 500 mg/l casein hydrolysate, 100 mg/l 
myo‐inositol, 1 mg/l thiamine hydrochloride, 2 mg/l 
2,4‐D, 3 g/l phytagel, pH 5.8). After 21-30 days, calli 
were pre‐incubated for 72 h in semisolid explant 
pre‐incubation medium (Khanna and Raina 1999). Then 
the calli were immersed in bacterial suspension containing 
desired pHGWFS7.0_GluB-1_GUS vector for 10 min. 
Excess bacterial suspension was removed by placing them 
on sterile filter paper before transferring to semisolid 
co‐cultivation medium (explant pre‐incubation medium, 
AS 500 µM, 3 g/l phytagel, pH 5.8). The cultures were 
incubated at 25°C for three days in the dark. After three 
days the calli were removed and transferred to callus 
selection media (callus induction medium, 50‐100 mg/l 
hygromycin, 500 mg/l carbenicillin, 250‐500 mg/l 
cefotaxime). 
 

Regeneration of transformed callus: After co‐cultivation, 
calli were incubated in the selection media with 
hygromycin. After 3-4 weeks, proliferating hygromycin‐ 
resistant microcalli were subcultured on plant 
regeneration medium (MS salts, organic elements, 30 g/l 
sucrose, 2 mg/l BAP, 0.2 mg/l NAA, 100 mg/l 
myo‐inositol, 3 g/l phytagel, 50‐100 mg/l carbenicillin, 
50‐100 mg/l cefotaxime and 1 mg/l thiamine 
hydrochloride, pH 5.8). Regenerants were transferred to 
rooting medium (one fourth strength MS salts (full 
strength Fe2EDTA), 2 mg/l BAP, 0.2 mg/l NAA, 2 mg/l 
IBA, 500 mg/l casein hydrolysate, 100 mg/l myo‐inositol, 
30 g/l sucrose, 50‐100 mg/l carbenicillin, 1 mg/l thiamine 
hydrochloride, 3 g/l phytagel, pH 5.8). After emergence of 
both shoot and root, seedlings were transferred to a 
hydroponic system of Yoshida solution32 for hardening 
and finally transferred to soil. The transgenic plants were 
kept at a confined area in a net house. Positive 
transformed plants were confirmed by PCR analysis with 
GluB-1 specific primers with PCR conditions exactly the 
same as above. After molecular confirmation, T0 plants 
were advanced to T1 generation. 
 

 
 

Figure 1. Regeneration of three transgenic plants with GluB-1_GUS 
constructs. 1A. Callus in MS induction media, 1B. Transformed calli in 
selection media, 1C. Regenerated calli in regeneration media, 1D. 
Transgenic plants in rooting media, 1E. Transgenic plants in hydroponic 
system and 1F. Transgenic plants in soil. 
 

GUS assay in rice calli and transformed plants: For 
initiating Agrobacterium mediated transformation, 
Agrobacterium containing the GluB-1_GUS construct was 
streaked and cultured in YM media.33 Rice calli were 
generated from Binnatoa variety and infected with 
Agrobacterium tumefaciens having the GluB-1_GUS 
construct. Infected calli were kept in dark for 
cocultivation at 28°C for 72 hrs. After 72 hrs of 
cocultivation, calli were treated with carbenicillin (250 
mg/l) and then washed with double distilled H2O. 
 



Sarker S et al Cloning and characterization of tissue specific promoter GluB-1 

  72 Volume 1, Issue 2. July 2015. 

Shoot, root and seed from transgenic (T1) plants and 
transformed calli were assayed for beta-glucuronidase 
(GUS)34 using the indigogenic substrate X-gluc (5-bromo-
4-chloro-3-indolyl b-D-glucuronide). Here wild type 
Binnatoa was used as control. At first tissue segments 
were fixed at pH 5.6 by fixation solution containing 10 
mM MES, 0.3% formaldehyde and 0.3 M mannitol, and 
vacuum infiltrated for 5–6 min. The tissues were then 
washed several times in 50 mM phosphate buffer (pH 
7.0). After washing samples were immersed in ~200 µL 
X- gluc solution (0.1 M NaPO4 pH 7.0, 0.5 mM 
K3Fe(CN)6, 0.5 mM K4Fe(CN)6, 10mM EDTA, 5 bromo-
4-chloro-3-indolyl-â-glucuronide; X-gluc) for 16–72 h at 
37°C for color development. 10 mg X-gluc was dissolved 
in 1 mL methanol and made up to a final concentration of 
1 mg/mL with 50 mM phosphate buffer at pH 7.0. After 
staining, sections were washed with 70% ethanol and then 
stored in 70% ethanol. After histochemical assay non 
transformed and transformed seeds were dissected 
longitudinally using a sharp blade. Samples were mounted 
on a glass slide and fixed with 65% glycerol before taking 
a photo. The photograph was taken under a light 
microscope at a resolution of 4X. 
 

RESULTS 
 

Confirmation of cloned pENTR_GluB-1 and pHGWFS7.0 
_GluB-1_GUS vector 
The 2.4 kb GluB-1 promoter region was amplified from 
rice genomic DNA of Nipponbare and cloned into 
pENTR/ D-TOPO vector (Figure 2). Only two colonies 
were found positive which gave the two expected band 
sizes (3,299 bp and 1,687 bp) after restriction digestion 
with EcoRV (Figure 2C). Further confirmation of GluB-
1cloning into pENTR was carried out by polymerase chain 
reaction (Figure 2B) with GluB-1specific primers 
followed by sequencing. M13 primers and GluB-1specific 
primers sets (Table 1) were used to obtain the database 
sequences and the BLAST hit indicated 100% match with 
the sequence of the amplified fragments. 
 

Generation and selection of transformed plants 
The positive pHGWFS7.0_GluB-1_GUS construct was 
electroporated into Agrobacterium and used for rice 
transformation.35,36 In six individual experiments, ~600 
calli were infected and after hygromycin (50 mg/L) 
selection three successfully transformed T0 plants (P1, P2 
and P3) were obtained. All three transformants were 
confirmed by PCR using GluB-1 specific primers and the 
precise band of ~2.4 kb was observed (Figure 4). 
 

Expression of GluB-1 promoter in transformed calli and 
stable transformed plants 
For transient expression pattern of GluB-1 promoter, 
histochemical GUS assay was performed in GluB-1_GUS 
infected rice calli. The GluB-1_GUS transformed rice calli 
showed relatively higher GUS expression compared to 
non-transgenic calli. The presence of blue color indicated 
successful insertion of the promoter and its ability to drive 
reporter gene (GUS) expression (Figure 5). 

 
 

Figure 2. Amplification, cloning and confirmation of the GluB-1 
promoter in pENTR entry vector. 2A. GluB-1 promoter of 2.4 kb was 
amplified using sequence specific primers from Nipponbare. L1: 1kb+ 
DNA ladder, L2: Amplified GluB-1 promoter sequence. 2B. GluB-1 
amplification from the cloned pENTR plasmid, L1: 1kb+ DNA Ladder, 
L2: Negative control, L3‐L4:  Amplicons of the right size of GluB-1 
promoter. 2C. Restriction digestion (RD) of cloned pENTR_GluB-1 
plasmid with EcoRV. L1-L2: showing correct size restriction fragments, 
L4: 1kb+ DNA ladder. 
 

 
Figure 3. Confirmation of the pHGWFS7.0_GluB-1_GUS construct.  
3A. Amplification of GluB-1 promoter from pHGWFS7.0_GluB-1_GUS 
plasmid after LR recombination, L1: 1kb+DNA Ladder, L2: Negative 
control, L3‐L5:  Amplicons of the right size GluB-1 promoter. 
3B. Restriction digestion of pHGWFS7.0_GluB-1_GUS constructs with 
NcoI, L1 and L6: 1kb+ DNA ladder, L2:pHGWFS7.0_GluB-1_GUS 
digested with NcoI with fragments of expected sizes. L3: Uncut 
pHGWFS7.0_GluB-1_GUS. L4: Empty vector pHGWFS7.0 digested 
with NcoI. L5: Uncut pHGWFS7.0. 

 
Figure 4. Amplification of the GluB-1 promoter from three T0 
transformed plants (P1, P2 and P3), L1: Negative control, L2‐L4: 
Amplicons showing the right size GluB-1 promoter (P1, P2 and P3), L5: 
Binnatoa, L6: 1kb+ DNA Ladder. 
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Figure 5. Transient GUS assay with GluB-1_GUS in non-transformed 
and transformed rice calli. 
 
 

 
 

Figure 6. Histochemical analysis for the expression of GUS gene under 
GluB-1 promoter in different parts of transgenic plants (A) Shoot (B) 
Root (C) Seed compared to Control, Binnatoa. In positive (transformed) 
plants (P1, P2 and P3) little expression was found in the shoot but there 
was no expression in the root. In seeds, GUS gene expression was found 
predominantly in the endosperm. 
 

 
 

Figure 7. Microscopic analysis of hand cut longitudinal section of 
transgenic rice seeds. Only half of the seed, from the bottom is shown 
(portion near the embryo). 7A. Non transformed seed. 7B. GluB-1_GUS 
transformed seed. 
 

Histochemical assay was also performed in GluB-1_GUS 
transformed T1 plants. Very little expression of GUS gene 
was found in shoots and no expression was detected in the 
roots. But in transgenic seed GUS expression was 
observed only in the endosperm (Figure 6). 
 

To find the GUS gene expression pattern under GluB-1 
promoter, seeds were dissected and analyzed under a 
microscope. In non transformed seeds blue color was not 
found. But in transformed seeds a strong blue color was 
produced around the endosperm area near the embryo 
(Figure 7).  Thus it can be concluded that the 2.4 kb GluB-
1 promoter from Nipponbare rice mediates GUS gene 
expression in an endosperm specific manner. 
 

DISCUSSION 
 

Over the years, numerous promoters have been isolated 
and applied to plant genetic engineering systems. It is 
known that promoters control the level and specificity of 
gene expression in different developmental stages, tissues, 
cells and thus affects the transcription of a gene both 

quantitatively and qualitatively. To employ this important 
feature of a promoter and to use it in modern 
biotechnology chimeric GUS reporter gene fusion is used 
for expression studies not only to better understand 
promoter-specified gene expression patterns but also for 
functional analysis. 
 

In rice, the starchy endosperm is the major site of nutrient 
deposition which is necessary for early seedling growth 
and development. Accumulation of seed storage proteins 
in rice occurs during grain development and seed storage 
proteins are normally expressed at high levels and 
specifically in the endosperm. Glutelin is the major seed 
storage protein of rice endosperm, accounting for ~80% 
by weight of total seed protein. So for improvement of the 
grain quality as well as producing foreign protein in rice 
seed, glutelin gene promoter has been studied with 
interest. Various promoters of rice glutelin gene family 
were isolated and tested for their expression pattern in 
different transgenic rice,37,38 maize39 and tobacco.40 All 
the promoters showed the expected spatial expression 
within the endosperm but the potential expression 
activities of glutelin gene promoters were limited to a few 
(GluA-2, GluA-3, GluB-1, GluB-2, and GluB-4).2,7,37,39 
Among them the GluB-1 promoter showed higher 
expression only in the endosperm area compared to the 
other glutelin promoters. 
 

GluB-1 promoter was previously used in transgenic 
technology and some prominent results were found. An 
engineered peptide RPLKPW under the control of GluB-1 
promoter was expressed in transgenic rice which 
specifically accumulates in seeds. It was found that oral 
administration of transgenic rice seeds to spontaneously 
hypertensive rats significantly reduced systolic blood 
pressure. These results suggest the possible application of 
transgenic rice seed as a nutraceutical delivery system and 
specifically for administration of active peptides in 
hypertension.41 Another industrial microbial enzyme 
fungal xylanase was produced in barley in the developing 
endosperm under the control of the GluB-1 promoter 
which provided an apparently higher expression of 
recombinant proteins in barley grain in both transient and 
stable expression experiments.42 

 

In rice seed storage protein, 5′ distal and proximal cis 
acting transcriptional regulatory elements are required for 
developmental control.37 The proximal 5′ flanking region 
of GluB-1 contains four motifs, GCN4, AACA, ACGT 
and prolamin-box that are conserved in many seed storage 
protein genes. Among them GCN4 motif acts as an 
essential element determining endosperm specific 
expression.43 But in GluB-1 promoter the region -245 bp 
of transcription site is more preferable regarding 
expression efficiency. In the -245 bp transcription region 
GluB-1 promoter contains another AACA motif that exists 
upstream of -197 bp and deletion of this motif resulted in 
an eight fold reduction in promoter activity.38 Moreover, it 
was previously reported that activity of 2.3 kb GluB-1 was 
about 10 fold higher than 1.3 kb GluB-1 promoter.7 The 
reason behind this difference in activity was due to the 
presence of one more ACGT motif in the additional 1 kb 
fragment of the 2.3 kb promoter (Figure 8). 
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Figure 8. 2.4 Kb GluB-1 promoter_GUS construct. 
 

GluB-1 promoter has important significance as it shows 
seed specific expression. In this study 2.4 kb GluB-1 
promoter was isolated from Nipponbare rice variety and 
transformed into Binnatoa. The reason behind choosing 
2.4 kb GluB-1 was that it showed very specific and high 
level of expression only in the endosperm area of rice 
seed compared to the shorter length (1.3 kb) GluB-1 
promoter.7 

 

A 2.4 kb GluB-1 promoter which is nearly identical to the 
2.4 kb GluB-1 promoter isolated from Nipponbare was 
used in the production of the CTB vaccine for its high 
efficiency (unpublished data). However, this 2.4 kb GluB-
1 was not characterized previously for its precise 
expression pattern. So the current work shows that this 
promoter could be effective for use in transgenic research 
for the improvement of rice. 
 

To visualize the expression pattern of the 2.4 kb GluB-1 
promoter from Nipponbare rice, histochemical GUS assay 
was performed in root, shoot and seed of the transformed 
T1 seeds. No GUS expression was observed in the root 
and a very low expression was found in leaves. Little 
GUS expression was also found in nodal portion of shoot 
of transgenic plants (not shown here). But in seed GUS 
expression was found to be higher specifically in the 
endosperm area whereas no color was observed in non- 
transformed plants. 
 

CONCLUSION 
 

From this study it can be concluded that for promoter 
characterization transformation of Binnatoa rice variety by 
Agrobacterium mediated tissue culture method is suitable 
and efficient. The GluB-1 promoter of Nipponbare rice 
glutelin protein was found to be suitable for expression of 
downstream genes only in endosperm specific area of rice 
seed and not in root and leaves. 
 

In future, this GluB-1 promoter can be used for further 
improvement of protein content as well as nutritional 
value in rice grain. Also different components like 
pharmaceutical products, important enzymes, various 
peptides of medical importance, edible vaccine that are 
functional in vivo condition can be produced in rice seed 
specifically using this promoter. Thus genetic engineering 
of rice with endosperm specific GluB-1 promoter could 
provide a dependable approach for bettering rice quality 
and make it a strong candidate for transgenic research 
where tissue specific expression is most needed. 
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Soil salinity is one of the most challenging problems that restricts the normal growth
and production of rice worldwide. It has therefore become very important to produce
more saline tolerant rice varieties. This study shows constitutive over-expression of
the vacuolar Na+/H+ antiporter gene (OsNHX1) from the rice landrace (Pokkali) and
attainment of enhanced level of salinity tolerance in transgenic rice plants. It also shows
that inclusion of the complete un-translated regions (UTRs) of the alternatively spliced
OsNHX1 gene provides a higher level of tolerance to the transgenic rice. Two separate
transformation events of the OsNHX1 gene, one with 1.9 kb region containing the
5′ UTR with CDS and the other of 2.3 kb, including 5′ UTR, CDS, and the 3′ UTR
regions were performed. The transgenic plants with these two different constructs
were advanced to the T3 generation and physiological and molecular screening of
homozygous plants was conducted at seedling and reproductive stages under salinity
(NaCl) stress. Both transgenic lines were observed to be tolerant compared to WT
plants at both physiological stages. However, the transgenic lines containing the CDS
with both the 5′ and 3′ UTR were significantly more tolerant compared to the transgenic
lines containing OsNHX1 gene without the 3′ UTR. At the seedling stage at 12 dS/m
stress, the chlorophyll content was significantly higher (P < 0.05) and the electrolyte
leakage significantly lower (P < 0.05) in the order 2.3 kb > 1.9 kb > and WT lines.
Yield in g/plant in the best line from the 2.3 kb plants was significantly more (P < 0.01)
compared, respectively, to the best 1.9 kb line and WT plants at stress of 6 dS/m.
Transformation with the complete transcripts rather than the CDS may therefore provide
more durable level of tolerance.
Keywords: role of UTR, transgenic plants, salinity tolerant, OsNHX1, rice landraces

INTRODUCTION

Salinity is one of the prime factors for deterioration of the agricultural crop production scenario.
Soil salinity has adverse effects on plant germination, strength, and yield (Munns and Tester,
2008). The consequences of excessive salinity have already been reported for more than 45 million
hectares of irrigated lands worldwide. Each year, about 1.5 million hectares of cultivable lands are

Frontiers in Plant Science | www.frontiersin.org 1 January 2016 | Volume 7 | Article 14

http://www.frontiersin.org/Plant_Science/
http://www.frontiersin.org/Plant_Science/editorialboard
http://www.frontiersin.org/Plant_Science/editorialboard
http://dx.doi.org/10.3389/fpls.2016.00014
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.3389/fpls.2016.00014
http://crossmark.crossref.org/dialog/?doi=10.3389/fpls.2016.00014&domain=pdf&date_stamp=2016-01-25
http://journal.frontiersin.org/article/10.3389/fpls.2016.00014/abstract
http://loop.frontiersin.org/people/300416/overview
http://loop.frontiersin.org/people/308295/overview
http://loop.frontiersin.org/people/308735/overview
http://loop.frontiersin.org/people/300305/overview
http://loop.frontiersin.org/people/307469/overview
http://loop.frontiersin.org/people/308599/overview
http://loop.frontiersin.org/people/262716/overview
http://www.frontiersin.org/Plant_Science/
http://www.frontiersin.org/
http://www.frontiersin.org/Plant_Science/archive


Amin et al. Enhanced Salt Tolerance of Complete OsNHX1

becoming agriculturally unfavorable due to high salinity levels
(Munns and Tester, 2008; Carillo et al., 2011). Elevated salinity
affects plants in several ways with two main components, an
initial osmotic stress and a subsequent accumulation of toxic ions
(Munns et al., 2006). Long-term exposure to salinity leads to ionic
stress, which can cause premature senescence of adult leaves and
reduce the photosynthetic area available to support continued
growth (Cramer and Nowak, 1992; Munns, 2002; Chinnusamy
et al., 2005; Allu et al., 2014; Álvarez and Sánchez-Blanco, 2014).
Plants need the ability to transport, compartmentalize, extrude,
and mobilize Na+ ions to escape the detrimental effect of salinity
stress (Apse and Blumwald, 2007). This compartmentalization
also allows plants to use NaCl as an osmoticum to maintain
osmotic potential that drives water into the cells (Blumwald et al.,
2000).

Vacuolar Na+/H+ antiporters can sequester excess sodium
ions from the cytosol into the vacuole when plants consume
high levels of sodium salt (Fukuda et al., 1999). This Na+
transport is driven by the electrochemical gradient of proton
generated by the vacuolar H+ translocating enzymes like
H+/ATPase and H+-PPase. Vacuolar NHX transporters have
shown to play significant roles in endosomal pH regulation
(Yamaguchi et al., 2001), cellular K+ homeostasis and cell
expansion (Apse et al., 2003), vesicular trafficking and protein
targeting (Bowers et al., 2000; Sottosanto et al., 2004; Brett
et al., 2005). NHX antiporters have also been reported as
the main mediator of cytosolic K+ uptake into the vacuole
and the switch between Na+ and K+ transport is regulated
by calcium mediated calmodulin-like proteins responsive to
the increasing pH under saline conditions (Yamaguchi et al.,
2005).

Vacuolar NHXs have been shown to be important
determinants of salt tolerance in plants (Rodríguez-Rosales
et al., 2009; Schroeder et al., 2013). Genome sequencing projects
have now shown that plants contain a very large number
of putative vacuolar Cation/Proton antiporters. Eight NHX
homologs have been identified in Arabidopsis so far and grouped
on the basis of function and sequence similarity into three
different classes like; vacuolar antiporters (NHX1, NHX2, NHX3,
and NHX4), plasma membrane antiporters (NHX7/SOS1 and
NHX8) and endosomal/vesicular antiporters (NHX5 and NHX6)
(Bassil et al., 2012; Reguera et al., 2014). The nomenclature in
rice under NHX, includes five different isoforms, all of which
are vacuolar antiporters (subdivided in two groups based on
sequence similarities like NHX1- NHX4 and NHX5) reported
to date (Fukuda et al., 2011). In addition, the rice OsNHX1
antiporter gene produces three different transcripts where
transcript 1 and 2 produce proteins of equal size, while transcript
3 produces a truncated protein at the C terminus region. The sizes
of these transcripts are 2265, 2394, and 1820 bp, respectively.
However, the 5′ Un-Translated region (UTR) is variable in all
three transcripts of the OsNHX1 gene (196, 325, and 186 bp
in transcript 1, 2, and 3, respectively) (LOC_Os07g47100,
gramene). The 3′ UTR in Transcript 1 and 2 are the same
461 bp whereas in Transcript 3, it is only 311 bp. There is no
reported alternative splicing in the Arabidopsis thaliana vacuolar
antiporters.

The UTR of a gene has important biological roles which can
influence the half-life, intracellular localization, and differential
translational efficiency of the corresponding mRNA (Pesole et al.,
2000; Mignone et al., 2002; Mazumder et al., 2003; Chabanon
et al., 2004; de Moor et al., 2005). The properties of a transcript
are controlled by some features of their UTRs. These features
are the structures of stem-loop, initiation codons (upstream)
and open reading frames (ORFs), various cis-acting elements
and internal ribosome entry sites which are bound by RNA-
binding proteins (Mignone et al., 2002). Moreover, differential
translational regulation mediated by the UTRs is involved
in metabolism, stress response, development, differentiation,
and many other important biological processes (Brenneis and
Soppa, 2009). The genomic regions corresponding to the
UTRs can include introns, more commonly in the 5′ than
in the 3′ UTR, which can often show differential splice
pattern to produce alternative transcripts of different length.
The 3′ UTRs contain both binding regions for regulatory
proteins and microRNA target sites. The regulatory proteins
binding regions at the 3′ UTR helps stabilize and localize
the mRNA (Doroshenk et al., 2014). Different length of
nucleotides at the 3′ UTR of A. thaliana dicer-like protein
2 (DCL2) was found to be associated with different levels
of its transcripts (He et al., 2012). Alternative splicing events
where two forms were equally prevalent, were found to be
mainly controlled by untranslated regions (English et al., 2010).
An important role of both 5′ and 3′ untranslated regions
has been reported in the regulation of serine/arginine-rich
(SR) protein gene expression. These proteins play important
developmental roles during environmental stress (Rauch et al.,
2014).

The vacuolar Na+/H+ antiporter gene has been transformed
for salinity tolerance to many plants like Arabidopsis (Apse
et al., 1999), rice (Biswas et al., 2015), tomato (Zhang and
Blumwald, 2001), maize (Yin et al., 2004), wheat (Xue et al.,
2004), and brassica (Rajagopal et al., 2007), etc. The quoted
works reported high tolerance in dicots like, tomato, and
brassica, where the plants set flowers and near normal seeds
in ∼200 mM salt and the source of the genes were from
A. thaliana (Zhang and Blumwald, 2001) and Pennisetum
glaucum (Rajagopal et al., 2007). However in the case of
monocots, tolerance was mostly reported only at the seedling
level (Fukuda et al., 2004; Yin et al., 2004; Wu et al., 2005;
Chen et al., 2007) or at a moderate level at the reproductive
stage (Xue et al., 2004; Verma et al., 2007; Biswas et al.,
2015). In the case of these cereals, the NHX1 gene was from
A. thaliana (Xue et al., 2004; Yin et al., 2004), from P. glaucum
(Verma et al., 2007) and from rice (Fukuda et al., 2004; Wu
et al., 2005; Chen et al., 2007; Biswas et al., 2015). Previous
workers overexpressing OsNHX1 in rice have used only the
coding region (CDS) for transformation and reported a range
of slight to moderate improvement in seedling salt tolerance
levels over WT, but no reproductive stage tolerance was discussed
(Fukuda et al., 2004; Chen et al., 2007). Biswas et al. (2015)
reported moderate level of tolerance of rice at the reproductive
stage by using the CDS and the 5′ UTR of the Nipponbare
rice Na+/H+ antiporter (1.9 kb). The present study reports
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the over-expression of vacuolar Na+/H+ antiporter from two
events, one using the CDS and 5′ UTR (1.9 kb) and the
other, the complete cDNA (2.3 kb) from a salt tolerant rice
landrace Pokkali in a tissue culture responsive rice variety,
Binnatoa (BA). The study includes generation of transgenic
lines with two separate vectors constructed with transcript 2
of the OsNHX1 gene; both were driven by the constitutive
CaMV35S promoter. First vector was constructed with the
5′ UTR and CDS (1.9 kb) and the second with both the
5′ and 3′ UTRs and CDS (2.3 kb). The transgenic plants
transformed with these two different constructs were advanced
to the T3 generation and their molecular and physiological
characterization done in both seedling and reproductive stages
under salt stress. Moderate level of tolerance above WT was
obtained in seedling and reproductive stages containing both
constructs, but significant enhancement in salt tolerance was
observed in the transgenic plants with the second construct
containing both the UTRs and the CDS compared to the first
construct without the 3′ UTR, thus indicating a role of 3′
UTR for better tolerance mediated by OsNHX1 in transgenic
rice.

MATERIALS AND METHODS

Construction of
pENTR-DTOPO-CaMV35S-OsNHX1
Total RNA was isolated from 16 days-old salt (NaCl) stressed
(100 mM) O. sativa cv. Pokkali using Trizol and first strand
cDNA was synthesized using oligodT following manufacturer’s
protocol (Invitrogen, USA). PCR was performed to amplify
the target sequences of OsNHX1 transcript 2 with designed
primers (Supplementary Material 1.1). Primer sets were designed
for the whole fragments (2.3 kb) of OsNHX1 (transcript 2)
and complete CDS with 5′ UTR (1.9 kb) as mentioned by
Fukuda et al. (1999). This comprised 294+1608+409 bp and
294+1608 bp, respectively (Supplementary Material 1.2). The
forward primers for both cases were designed adding CACC
overhang at the 5′ end to ensure compatibility while cloning
into the entry vector (pENTR-D-TOPO). PCR reactions for
both the target fragments were performed at 95◦C for 5 min,
35 cycles of 1 min at 95◦C, 30 s at 60◦C, 2 min at 72◦C
followed by a final extension of 10 min at 72◦C. The resulting
fragments were gel purified using Qiagen Gel Purification
system and later cloned to pENTR-D-TOPO vector following
the manufacturer’s protocol (Invitrogen, USA). Positive clones
were initially selected based on the lysate PCR confirmation
from kanamycin resistant clones of transformed E. coli cells.
Plasmid isolation was done from confirmed colonies using
Promega plasmid isolation kit (Promega, USA). Isolated plasmids
were digested with EcoR1 and EcoRV to check the insertion of
the desired fragments into the entry vector. Then, digestion-
positive colonies were sequenced with M13 forward and reverse
primers by First Base DNA sequencing services from Malaysia.
Clones with the confirmed sequences were then recombined with
the destination vector (pH7WG2.0) by LR reaction (Invitrogen,
USA) (Karimi et al., 2002). Positive clones were selected

by gene specific PCR and restriction digestion (details not
provided).

Transformation of the Constructs into
Rice Plants
Agrobacterium tumefaciens (LBA4404) was electroporated with
the designed constructs CaMV35S -OsNHX1 (1.9) or CaMV-
OsNHX1(2.3) in pH7WG2.0 by applying standard protocols
(Sambrook et al., 1989). The insertions were also confirmed
by gene specific PCR and restriction digestion. Agrobacterium
strains containing the desired constructs were then used to
infect the transformation responsive rice calli of Bangladeshi
rice Binnatoa (BA) following the protocol mentioned by Rasul
et al. (1997), Khanna and Raina (1999). Transformed plants
were regenerated to produce T0 plants. Positive T0 plants were
advanced up to T3, based on germination in Hygromycin and
PCR tests.

Molecular and Physiological Screening
of Transgenic Plants
PCR and RT-PCR
DNA was extracted from rice plant leaves using CTAB method
(Doyle and Doyle, 1987). PCR was performed initially to detect
the integration of the transgene based on the hygromycin
phosphotransferase (hpt) gene present in the T-DNA region
of the designed constructs in the transformed plants. PCR
analyses were carried out in a 25 µl reaction mixture containing
100 ng of plant DNA, 100 µM of each dNTP, 2.4 ng each
of primers: HPT_F and HPT_R (Supplementary Material 1.1),
1 unit of Taq DNA polymerase (Invitrogen, USA), 1.5 mM
MgCl2, DMSO 2.4%, and 1 × PCR Buffer-MgCl2 (Invitrogen,
USA). The optimized reaction was: Initial denaturation at
94◦C (5 min), 35 cycles of denaturation at 94◦C for 1 min,
annealing at 61.2◦C for 1 min and extension at 72◦C for 1 min
following a final extension at 72◦C for 7 min. PCR was also
done with gene specific primers (Supplementary Material 1.1)
to confirm the integration of the desired fragments. Semi-
quantitative RT-PCR was performed with RNA from both
transgenic lines (containing CaMV-OsNHX1-1.9 and CaMV-
OsNHX1-2.3) at T2 stage following the protocol mentioned
by Amin et al. (2012). Glycerol 3-phosphate dehydrogenase
(G3PDH) and U6 snRNA were used here as control (house-
keeping genes) for the semi-quantitative RT-PCR experiments
(Supplementary Material 1.1). Semi-quantitative RT-PCR was
also done in CaMV-OsNHX1-1.9 and CaMV-OsNHX1-2.3 plants
as above using OsNHX1-transcript 3-specific primers in order
to see whether there was any effect of the overexpression
of transcript 2 on transcript 3 abundance (Supplementary
Material 1.1).

Hygromycin Assay
Seeds from both transgenic lines at the T0 generation (with
1.9 and 2.3 kb fragments) and WT Binnatoa were incubated at
37◦C O/N. The next day, seeds were incubated in hygromycin
solution (50 mg/100 mL H2O) and kept at 37◦C O/N followed
by an incubation at room temperature for 6 days till the
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seeds germinated. Vigorously germinating seeds were initially
considered as transformed lines and further tested.

Southern Blot Hybridization
Genomic DNA (20 µg) from the transgenic PCR positive T3
plants were digested with BamH1. The enzyme was chosen
strategically to get a band above 2 kb if there is an insertion
of the transgene in the putative transformed plants, so the
number of bands obtained should therefore depict the number
of copies inserted in the genome. As positive control the whole
plasmid pH7WG2_NHX1_2.3 form the first construct was used
after a single cut with BamH1 and the plasmid was diluted to
the amount of a single copy before loading into the gel. After
electrophoresis, the DNAs were blotted onto a nylon membrane
and probed using DIG-labeled PCR amplified product 809 bp
with hpt gene- (CDS region) specific primers following standard
protocol (Roche Diagnostics Inc., Mannheim, Germany).

Northern Blot Hybridization
Northern hybridization was carried out using two different
probes. One was designed from the region specific for transcript
2 from the 5′ UTR and another from a common region
spanning the coding sequence of all the transcripts (679 bp)
(Supplementary Material 1.1). Transcript 2-specific northern was
carried out on the transgenic plants, wild type (WT) Binnatoa and
a highly salinity tolerant Indian rice landrace Pokkali, as well as
from sensitive Nipponbare. RNA was isolated using Trizol and
20 µg of the RNA was used for loading. Nylon membranes and
upward capillary transfer system was used for Northern using
the DIG labeled probes according to the manufacturer’s protocol
(Roche Diagnostics Inc., Mannheim, Germany).

Measurement of Chlorophyll Content and Leaf
Senescence Assay
Fresh leaves were cut into pieces and 100 mg put into a bottle
containing 12 ml of 80% acetone. After 48 h, absorbance of
leaf tissue extract was measured at wavelength 663 and 645 nm.
The total amount of chlorophyll content was calculated using
formula: [{(0.00802 × A663) + (0.0202 × A645)} × V/W}];
A = absorbance, V = volume, and W = weight (Chutia and
Borah, 2012). Leaves of non-transgenic and transgenic plants
were cut into pieces for the leaf senescence assay and soaked in
100 and 200 mM NaCl solution and the senescence of the leaves
were observed after 5 days.

Measurement of Electrolyte Leakage
Relative electrolyte leakage was measured according to (Cao
et al., 2007) but refined according to (Parvin et al., 2015). The
plant leaf segments were weighed (0.1 g) and taken in a falcon
tube with 25 ml deionized water. The tubes were shaken on
a gyratory shaker at room temperature for 2 h. The initial
electrical conductivity (C1) of the solution wasmeasured by using
a conductivity detector. The leaf samples were then boiled in
deionized water at 120◦C for 10 min to release all the electrolytes
from the tissues completely. The final electrical conductivity
(C2) of the resulting solution was recorded. The percentage
of electrolyte leakage was calculated according to the formula:

(C1/C2) × 100. Finally statistical analysis was done by using t
test.

Assessment of Salinity Tolerance at the Seedling
Stage
The phenotypic screening for the salinity tolerance at seedling
stage was done following the method described by Amin et al.
(2012). Screening was done on the T3 population of both
CaMV-OsNHX1-1.9 and CaMV-OsNHX1-2.3 plants. WT BA,
salt tolerant control Pokkali, and salt sensitive IR29 were used
for the screening. Sprouted seeds were sown in netted and
floated styrofoam in PVC trays containing 10L Yoshida solution
(Yoshida et al., 1976). The germinated seeds (9 for each line in
11 rows) were allowed to grow for 14 days. Then, NaCl stress
was applied gradually starting from 4 dS/m to 12 dS/m at 24 h
increments of 2 dS/m. An increase in leaf number and length
was measured after an interval of 4 days for 16 days until 90% of
the leaves of the sensitive control were damaged. The tolerance-
related traits (LDS, root length, shoot length and leaf width) of
all stressed plants were then measured. Data for percent survival
and total leaf area affected was recorded according to the standard
evaluation system of rice at IRRI (Gregorio et al., 1997). The
level of salinity tolerance was evaluated mainly based on the
value of LDS, which is based on the percentage of leaf damage.
The plants were scored according to the protocol mentioned by
Amin et al. (2012). Here the score of 1-9 corresponds from highly
tolerant to extremely sensitive, respectively. The chlorophyll
content and the dry weight of the stressed and control transgenic
shoots as well as WT were measured at this stage (Vernon,
1960). For measuring dry weight, samples were kept at 70◦C
for 72 h in a hot-air circulating oven (Honeywell, UK model
DT200).

Assessment of Salinity Tolerance at the Reproductive
Stage
Reproductive stage screening was performed following the
protocol in Amin et al. (2012). After 18 days in the hydroponic
system in Yoshida solution, 30-day-old WT and transgenic lines
were transferred individually to soil contained in perforated pots,
where the soil was encased in a thin porous cloth to prevent
leakage. The pots were placed in bowls of water, with five pots
in each bowl. Each pot contained one plant. Each bowl therefore
contained WT, sensitive control and the three transgenic plants.
After 10 days, the pots were taken out of the water and allowed
to drain for 24 h, and then transferred to large bowls filled
with 6 dS/m NaCl solution in seven bowls or seven biological
replicates. Water instead of NaCl solution was used in three more
bowls to serve as control. The experiment was set up in a net
house where the average temperature and humidity were 29◦C
and 72%, respectively. At maturity, plant height was measured
with a meter scale from the base of each plant up to the tip of
the panicle. At the end of reproductive stage, seeds were collected
from transgenic and non-transgenic plants and the weight of total
filled grains (g/plant) was measured to determine the grain yield.
Other yield-related traits (tiller number, panicle number, panicle
length, spikelet number, and spikelet fertility in percent) were also
measured.
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Measurement of Na+, K+ Content
Transgenic as well as the WT and other control plants were
washed in flowing tap water for 30 s and oven-dried for
the measurement of sodium and potassium concentrations in
seedling shoot and root at 0 and 12 dS/m. Dried leaves and
roots from each biological replicate were pooled, ground and
analyzed by a flame photometer 410 (Sherwood, UK) after 48 h
of extraction with 1N HCl following the procedure described
by Yoshida et al. (1976). Concentrations were expressed as
percent of dry weight. The potassium to sodium ratio was also
determined. For the reproductive stage, the grains of transgenic
and WT plants were sun-dried for 1 week and then dried
in an oven at 70◦C for 72 h. K+ and Na+ content of the
flag leaves (leaf 0), shoot (all leaves except leaf 3 and the
stalk) and third leaf (leaf 3) of pooled biological replicates
were separately measured as above. The existence of significant
effects due to the transgene OsNHX1 was determined by the
t-test.

Data Analysis
All statistical analyses were done using data analysis ToolPak of
Microsoft Office Excel 2007. The F test was performed to verify
equal variance of the independent set of samples and based on
that result Student’s t-test and ANOVAwas performed, assuming
equal variance or unequal variance as applicable, to compare
significant differences (P > 0.05) between the transgenic and the
WT lines.

RESULTS

Agrobacterium Mediated Transformation
and Confirmation of Transgene
Integration
Tissue culture responsive Binnatoa was transformed with both
the constructs separately. The first transformation was conducted
with CaMV_OsNHX1 (1.9 kb) and the second transformation
with CaMV_OsNHX1 (2.3 kb). Positive transformants from both
events were selected and regenerated (Supplementary Material
2). Only the 1.9 kb cDNA transformation event is shown). Six
positively confirmed lines from CaMV_OsNHX1 (1.9 kb) and
seven lines from CaMV_OsNHX1 (2.3 kb) were generated at
the T0 stage and advanced to T1 and T2 generations through

hygromycin selection and PCR analysis (data not shown). The
integration of OsNHX1_1.9 and OsNHX1_2.3 in transformed
plants was confirmed by PCRwith selection marker (hpt) specific
primers, internal and the full length OsNHX1 primers (1.9
and 2.3 kb, respectively) (Figures 1 and 2). Finally, successful
integration of transgene into whole genome was confirmed
by Southern hybridization at T3 for both the transgenic lines
(Figure 3). Only single copy insertion transgenic lines (P4 and
P6 lines from 1.9 and P3 and P4 lines from 2.3) were selected for
further analysis.

Expression Efficiency of the Transgene
and Selection of Best Transformed
Plants
In each generation of the transgenic lines, transgene expression
was observed using semi-quantitative reverse transcriptase
PCR which allowed the confirmation of overexpression of
the transgene compared to the WT as well as selection of
plants for generation advancement. PCR bands with high
intensities were observed after 25 cycles of PCR after the
first RT-step in the transgenic plants BA_1.9 (Figure 4) and
BA_2.3 (Figure 5). The bands observed for the WT Binnatoa
were very faint compared to the transgenic plants. Enhanced
expression ofOsNHX1 in CaMV-OsNHX1-1.9 plants, were found
in P4 and P6 In the case of CaMV-OsNHX1-2.3, P3 and P4
showed enhanced expression compared to WT BA. Northern
hybridization with the OsNHX1 specific probe clearly confirmed
the overexpression of the gene in both transgenic BA_1.9 and
BA_2.3 under control conditions (Figure 6). However, increased
expression of the OsNHX1 gene under 100 mM salt stress
(NaCl) was observed only in case of the 2.3 kb transgenic line
(Figure 6B).

Seedling Stage Phenotypic Screening
Under Salt Stress
Salinity screening at seedling stage was performed at T2 for
both CaMV-OsNHX1-1.9 and CaMV-OsNHX1-2.3 transgenic
lines to select the best performing plants. Leaf damage score
was calculated for both the transgenic events. Transgenic lines
P4 and P6 from CaMV_OsNHX1-1.9 and P3 and P4 from
CaMV_OsNHX1-2.3 showed the lowest LDS score and these
plants were advanced to the T3 stage and subjected to additional
screening (Supplementary Material 3).

FIGURE 1 | Confirmation of transgene (OsNHX1 (1.9 kb)) integration by PCR amplification in the T1 plants with (A) hpt gene specific primers,
(B) OsNHX1 gene specific internal primers, and (C) full length OsNHX1 (1.9 kb) gene specific primers.
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FIGURE 2 | Confirmation of transgene (OsNHX1 (2.3 kb)) integration by PCR amplification in the T1 plants with (A) hpt gene specific primers,
(B) OsNHX1 gene specific internal primers, and (C) full length OsNHX1(2.3 kb) gene specific primers.

FIGURE 3 | Confirmation of the transgene from both transformation events in the selected T3 plants by Southern Hybridization. Genomic DNA (20 µg)
from selected lines generated from both transformation events (P4, P5, and P6 lines from 1.9 plants and P2, P3, and P4 lines from 2.3 plants) were digested with
BamH1 for DNA blot hybridization. From 1.9, all lines showed single copy and from 2.3, P3, and P4 lines showed single and P2 line showed double copy insertion of
transgene whereas no bands were found in the wild type (WT) plants. The positive control, cut singly with BamH1, shows a band of 13 kb, which is the size of the
vector.

FIGURE 4 | Expression analysis of OsNHX1 transgene in WT BA and
CaMV-OsNHX1 (1.9) lines. Expression intensity of the OsNHX1 transgene
was compared with a house keeping gene, GAPDH
(GlycerAldehyde-3-Phosphate Dehydrogenase). Transgenic plants showed
differential expression compared to the GAPDH expression. Only two
transgenic lines (P4, P6) showed increased expression compared to WT.

Leaf Damage Score (LDS)
The selected progenies of from the 2.3 (P3 and P4) and 1.9 kb
(P4 and P6) transgenic plants were subjected to physiological

screening at the T3 stage under salinity stress at 120 mM for
10 days. Both CaMV-OsNHX1 (1.9 kb) and CaMV-OsNHX1
(2.3 kb) plants showed better growth morphology than the
WT Binnatoa. However, CaMV_OsNHX1 (2.3 kb) plants
showed better performance than the CaMV_OsNHX1 (1.9 kb)
(Figure 7A). Leaf damage scores under salt stress were
observed for the WT and transgenic plants. The transgenic lines
(OsNHX1_1.9 and OsNHX1_2.3) showed significant reduction
in LDS compared to the WT plants (Figure 7B). But
lowest LDS was observed in the transgenic plants containing
CaMV_OsNHX1-2.3.

Electrolyte Leakage and Estimation of
Chlorophyll
The percent of electrolyte leakage in the transgenic plants
was significantly lower compared to WT. Lower amount of
electrolytes leaked in both the CaMV_OsNHX1 (2.3 kb) plants
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FIGURE 5 | Expression analysis of OsNHX1 transgene in WT BA and CaMV-OsNHX1 (2.3) lines. Reference gene (U6 snRNA) was used as a control in the
semi-quantitative reverse transcriptase PCR. Here, two transgenic lines (P3, P4) showed higher expression of OsNHX1 compared to other lines and WT BA.

FIGURE 6 | Northern hybridization of control and stressed samples of salt tolerant Pokkali (Pok), Binnatoa (BA), transgenic 1.9 (A), and transgenic 2.3
(B) with Transcript 2-specific OsNHX1 probe. Only the 2.3 kb transgenic line showed higher expression of OsNHX1 gene under salt stress.

FIGURE 7 | Physiological screening at the T3 stage. (A) Transgenic plants showing better growth under salt stress. BA is the WT plant, 2.3 denotes the
transgenic plant transformed with CaMV-OsNHX1-2.3 construct, 1.9 denotes transgenic plant transformed with CaMV-OsNHX1-1.9 construct. (B) Leaf damage
score (LDS) at the T3 stage. LDS showed significant reduction in both types of transgenic plants compared to WT BA. The 2.3 plants performed better compared to
both 1.9 and WT BA. Each bar represents the mean ± SE (n = 5). Different letters in each graph (a–c) indicate significant differences (P < 0.05, ANOVA and Duncan
test).

and CaMV_OsNHX1 (1.9 kb) plants compared to the WT
(Figure 8A) under salt stress. In case of the CaMV_OsNHX1
(2.3 kb) transgenic lines, the electrolyte leakage under 120 mM
salinity stress at seedling stage was close to its level without stress
(Figure 8A).

Estimation of chlorophyll (which was taken as an index
of the damage done to the photosynthesis apparatus under

stress) indicated that under high salinity conditions, the
transgenic lines could retain significantly higher amount of
chlorophyll compared to their respective WT (Figure 8B),
thus documenting the importance of OsNHX1 over-
expressing lines over the non-transgenic lines in maintaining
a better metabolic status. Moreover, chlorophyll content
in the CaMV_OsNHX1 (2.3 kb) transgenic lines was
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FIGURE 8 | Electrolyte leakage assay (A) and Chlorophyll content measurement assay (B) under control and stress (NaCl) condition. Transgenic plants
showed significantly better performance compared to the WT under salt stress. However, the transgenic lines generated from CaMV_OsNHX1-2.3 showed better
performance compared to CaMV_OsNHX1-1.9 transgenic lines. Each bar represents the mean ± SE (n = 5). Different letters in each graph (a–c) indicate significant
differences (P < 0.05, ANOVA and Duncan test).

significantly higher than that in CaMV_OsNHX1 (1.9 kb)
(Figure 8B).

Reproductive Stage Screening
Yield Data
The best selected line from each 1.9 and 2.3 kb transgenic
plants (P4 for 1.9 and P4 for 2.3) were subjected to reproductive
screening at T3 with WT Binnatoa as control. The data
were collected under control and salt stress (NaCl) condition.
Agronomic traits like tillers per plant, panicle number, panicle
height, filled grain per panicle, number of grains per panicle and
1000 grain weight were similar in WT BA and both transgenic
plants under control conditions without stress (Table 1).
However both the transgenic lines showed significantly better
performance compared toWT BA in all 6 agronomic traits under
continuous 6 dS/m NaCl stress in soil.

Moreover, the line generated by integrating CaMV_OsNHX1
(2.3 kb) showed significantly improved tolerance in most of
the agronomic traits under continuous salt stress (Table 1).
The plant height and spikelet number in panicles from
CaMV_OsNHX1 (2.3 kb) was also significantly higher compared
to CaMV_OsNHX1 (1.9 kb) lines under stress (Figures 9A–C).
Transgenic lines generated from CaMV_OsNHX1 (2.3 kb)
also had significantly improved spikelet fertility rate
(58.76%) and higher yield (∼3g/plant) compared to the

transgenic lines generated from CaMV_OsNHX1 (1.9 kb) lines
(Figures 9D,E).

Na+/K+ Ratio at the Seedling and
Reproductive Stages
Transgenic lines and their WT Binnatoa were subjected to Na+
andK+ content measurement during vegetative and reproductive
stage under control and salt (NaCl) stress. At the vegetative
stage, OsNHX1 (2.3 kb) plants maintained the highest Na+/K+
ratio compared to WT BA and OsNHX1 (1.9 kb) under stress
(Figure 10). The overall Na+ content increased under stress in
both WT and transgenic lines in both shoot and root. However
there was no significant relative difference in shoot Na+ content
between WT BA and its transgenic counterparts when compared
to the control values (Supplementary Material 4). Interestingly
the K+ content in the 2.3 transgenic lines doubled under stress
compared to a slight increase in the case of the 1.9 transgenic line
and lack of change in the WT.

The Na+ and K+ concentrations were also measured in
four morphologically different leaves at maturity in WT BA
and transgenic lines (BA_1.9 and BA_2.3) under control and
continuous stress (NaCl) at 6 dS/m. Under stress, Na+ content in
the different leaves from both transgenic lines were higher than in
WT BA. Moreover, the CaMV_NHX1 (2.3) lines had higher Na+
content in the different leaves compared to the CaMV_NHX1

TABLE 1 | Yield data of wild type (WT) BA and transgenic lines (1.9 and 2.3) under 6 dS/m NaCl stress in soil.

Name of
plants

No. of tillering per
plant

Panicle Number per
plant

Panicle
Length (cm)

No. of Grain
per panicle

Filled grain
per panicle

1000 grain
weight (g)

Control BA 18.66 ± 1.20 19.66 ± 2.90 14.96 ± 0.79 52.25 ± 6.35 32.98 ± 3.64 19.60 ± 0.24

1.9 14 ± 1.15 19.66 ± 2.40 13.66 ± 0.78 47.35 ± 3.06 42.19 ± 8.32 19.05 ± 0.34

2.3 16.66 ± 1.76 17.33 ± 0.88 15.76 ± 0.67 50.06 ± 4.78 38.82 ± 5.05 19.27 ± 0.26

Stress BA 10 ± 0.40 6 ± 0.40 15.27 ± 0.60 34.94 ± 1.61 13.03 ± 1.57 12.61 ± 0.31

1.9 12 ± 0.64 9 ± 0.47a 14.75 ± 0.24 41.18 ± 1.65 18.71 ± 0.29 a 14.13 ± 0.21a

2.3 13 ± 1.08b,1 12 ± 0.47c,2 16.42 ± 0.85 52.5 ± 2.22 25.71 ± 1.09 c,2 16.66 ± 0.93b,1

Values are mean ± SE (n = 5 for stress and n = 3 for the control) a,b,c denotes significant difference between WT and transgenic variety under stress at P < 0.05,
P < 0.01, P < 0.001.
1, 2 denotes significant difference between 1.9 and 2.3 at P < 0.05, P < 0.01.
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FIGURE 9 | Measure of Agronomic traits of both transgenic lines (1.9 and 2.3) with corresponding WT BA under continuous salinity (NaCl) stress
at 6 dS/m. (A) Phenotype of transgenic lines (1.9 and 2.3) and corresponding WT BA under stress condition at maturity. (B) The panicles of transgenic lines
and WT BA rice plants collected after salinity stress. Plant Height (C), Yield (D), and Spikelet Fertility (E) of transgenic lines and WT BA rice plants under control
and salinity stress. In every case, transgenic lines generated from CaMV_OsNHX1-2.3 performed significantly better than the CaMV_OsNHX1-1.9 transgenic line.
∗Significant difference between wild type and transgenic variety and between the two transgenics at P < 0.05. ∗∗Significant difference between wild type and
transgenic variety and between the two transgenics at P < 0.01. ∗∗∗Significant difference between wild type and transgenic variety and between the two
transgenics at P < 0.001.

(1.9) lines. Notably both the transgenics had twice the Na+
content in the lower leaves compared to WT under stress, with
the 2.3 line having the highest content. Interestingly, the K+
content in the flag leaves for both WT and transgenics was not
lowered significantly under stress and maintained preferentially

in the upper leaves.Moreover the K+ content in the second, third,
and lower leaves were higher in both the transgenics compared to
WT BA (Figure 11). As expected, both WT BA and transgenic
lines showed similar concentration of Na+ and K+ in the tested
leaves at reproductive stage without stress.
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FIGURE 10 | Na+/K+ ratio in shoot (A) and root (B) of wild type BA and transgenic rice seedlings (both CaMV_OsNHX1-1.9 and CaMV_OsNHX1-2.3)
under normal and stress (NaCl) condition at 12 dS/m in hydroponics. Each bar represents the mean ± SE (n = 5).

DISCUSSION

Seedling and reproductive stages are the two stages at which the
rice plant is most susceptible to salinity stress (Moradi and Ismail,
2007). Transformation with the rice vacuolar antiporter gene has
mostly been reported to provide tolerance at the seedling stage in
rice. The coding sequence (CDS) of the rice vacuolar antiporter
gene (OsNHX1) has been overexpressed in rice (Fukuda et al.,
2004; Chen et al., 2007) imparting salt tolerance only at the
seedling level. It has also been reported to give high tolerance to
perennial ryegrass but again at the seedling stage only (Wu et al.,
2005). Coding sequences from Atriplex gmelini and S. salsa have
also been shown to provide a high level of tolerance to rice only
at the seedling stage (Ohta et al., 2002; Zhao et al., 2006). The first
report of reproductive stage salt tolerance in rice was reported
with the coding sequence of the P. glaucum PgNHX1 (Verma
et al., 2007) but not OsNHX1. They, however, only reported
setting of seeds at 150 mM NaCl and did not provide a measure
of the percent of yield loss. On the other hand, reproductive stage
tolerance in rice with a third of the yield using the OsNHX1 gene
from Nipponbare was shown under 60 mM NaCl stress (Biswas
et al., 2015). The grain yield was found to be twice that of the WT
under the same stress. In the latter work, the CDS as well as the
5′ UTR (1.9 kb) of the OsNHX1 gene was used to transform the
rice.

In the current work, we show that when both the 5′ and the
3′ UTR are transformed along with the CDS of the OsNHX1gene
(2.3 kb), a significant further enhancement is achieved in the level
of reproductive salt tolerance compared to the 1.9 kb event. Here
the OsNHX1 cDNA along with either the 5′ UTR or both the
5′ and the 3′ UTR from the rice landrace Pokkali was used for
transformation. Interestingly, we found that the level of tolerance
from 1.9 kb events originating from Nipponbare and Pokkali both
of which contained only the 5′ UTR, was similar at both the
seedling and reproductive stages (Biswas et al., 2015). At the
seedling stage, it was found that only the chlorophyll retention
was significantly more (P < 0.05) in the 2.3 kb event compared to
that of the 1.9 kb (Figure 8). At the reproductive stage, however,
the spikelet fertility (P < 0.001) and yield per plant (P < 0.01) was

significantly more in the complete cDNA transformation event
(Figure 9 and Table 1). This was also reflected in the number
of panicles per plant and number of filled grains per panicle
in the 2.3 kb plants compared to the 1.9 kb ones (Table 1).
Interestingly, northern blot analysis showed that the expression
of the transgene in the 2.3 kb event doubled under stress whereas
its expression in the 1.9 kb one remained the same under control
and stressed conditions (Figure 6).

There was a striking increase in Na+/K+ ratios after 120 mM
stress at the seedling stage in the WT and both the 1.9 and
2.3 kb transgenics (Figure 10). The K+ levels in the WT, 1.9
and 2.3 kb transgenics under control conditions was observed
to be progressively lower, respectively. When stress was applied,
however, the K+ level remain unchanged in the WT, increased
slightly in the 1.9 kb event and nearly tripled in the 2.3 kb event
(SupplementaryMaterial 4). Therefore it seems that the transgene
is somehow helping in the retention of K+ in the shoots. The
latter seems consistent with the role of the vacuolar NHX1
antiporter gene in K+-mediated osmoregulation, cell growth and
plant development (Bassil et al., 2011; Barragán et al., 2012) even
though the mechanism remains unclear.

At reproductive stage stress, Na+ was shown to be selectively
retained in the lower leaves in both the transgenics, where its
concentration doubled under stress compared to WT. On the
other hand there was no change in the Na+ content of the
lower leaves between control and stress conditions in the WT
(Figure 11). This could be explained by the higher activity of
the transgenes due to the larger vacuoles present in the older
lower leaves (Wang et al., 2012). There was no difference in the
relative Na+ contents in the 2nd and 3rd leaves between WT and
the transgenics. However the Na+ content in the flag leaf was the
highest in the 2.3 kb transgenic. Interestingly the K+ content was
found to be progressively reduced starting from the flag, second,
third to the lower leaves in both WT and the transgenics. Or
in other words K+ retention occurred in the flag leaves at the
expense of the others. However, this was true for both theWT and
transgenics and such partitioning to retain the beneficial K+ in
photosynthetically active tissues may be a property of the slightly
saline tolerant WT rice landrace, Binnatoa.
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FIGURE 11 | Na+ and K+ content (mmol/g DW) (A–H) in different leaves of wild type BA and transgenic plants, overexpressing OsNHX1 (1.9 and 2.3)
under continuous salinity (NaCl) stress of 6 dS/m. Each bar represents the mean ± SE (n = 6). Na+ and K+ were extracted from the different leaves, and ion
contents were determined as shown in Section “Materials and Methods”.
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The OsNHX1 gene has three transcripts as explained in the
introduction (LOC_Os07g47100, gramene). During our cloning
procedure for the OsNHX1gene the forward primer that we
had used during cDNA synthesis corresponded to the reported
upstream region by Fukuda et al. (1999) (NCBI Accession
AB021878). This had pulled out transcript 2 which has an
extended 5′ UTR. However, the size of the reported upstream and
downstream untranslated regions in this Accession, were shorter
than that found in the latest gramene release. Therefore we ended
up cloning 2311 bp rather than 2394 bp. When a 679 bp probe
common to all three transcripts was used to probe northerns
between the WT, the two transgenics, as well as Nipponbare and
Pokkali, only the transgenics were observed to show multiple
transcripts ranging from 1.6 to 2.4 kb in both control and
stressed conditions. Interestingly the pattern of transcripts was
different between the 1.9 and 2.3 kb transgenics. These bands
could either be the alternative transcripts of OsNHX1 or different
members of the OsNHX1-OsNHX5 family (Fukuda et al., 2011),
Supplementary Material 5 and Tables 5.1 and 5.2). In a separate
semi-quantitative PCR, transcript 3 was found to be upregulated
in both the 1.9 and 2.3 kb transgenics. Therefore, it seems that
over expression of a truncated transcript 2 (1.9 kb) and the
complete one 2.3 kb somehow is regulating the expression of
either the alternative transcripts or their homologs. How this is
bringing about greater tolerance in the 2.3 kb transgenic is not
clear. However as mentioned earlier the expression in the 2.3 kb
plant under salt stress increases significantly compared to the
pattern of no-change under control and stressed conditions in the
1.9 kb plant (Figure 6).

Our work therefore shows that, during transformation, one
should use the complete transcripts instead of only the coding
region. This may be very important in increasing the efficiency

of the transgene. This may be particularly important for genes
involved in stress tolerance, many of which are alternatively
spliced (Ding et al., 2014).
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ABSTRACT: A total of 58 simple sequence repeat (SSR) markers were tested for genotyping and constructing a 
genetic linkage map of a reciprocal F2 populations of a salt tolerant rice landrace, Horkuch and high-yielding but 
sensitive IR29. The IR29♀ (IH) population was 200, while the Horkuch♀ (HI) one, 100. In the F2 population, 24 
(~73%) and 39 (78%) markers showed significant segregation distortion (P<0.05) in the IH and HI populations 
respectively. 14 and 10 markers were skewed for the female, IR29 and male Horkuch, respectively in the IH 
population. On the other hand, 19 markers each were skewed either toward the female parent Horkuch or male 
parent IR29 with one for the heterozygote in the HI population. Nuclear and cytoplasmic effects were detected 
for the 25 common markers used in the 2 populations. The segregation distortion of 16 (64%) and 9 (36%) 
markers were found to have nuclear and cytoplasmic effects respectively. Gametic and zygotic selections 
analyzed by allele frequency and F2 genotype frequency distribution showed that the segregation distortion of 
8, 5 and 22 markers were influenced by respectively by zygotic, gametic or both selections simultaneously. 15 
out of 50 marker loci of the HI population were mapped on 7 linkage group covering a total length of 462.857 
cM on the rice genome (average intervals of 30.86 cM between adjacent markers). No linkage group was found 
on chromosome 2, 4, 6, 8 and 11. 
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INTRODUCTION 
 

Segregation distortion (SD) is a prevalent phenomenon 

caused by the deviation of the observed genotypic 

frequency from expected Mendelian segregation ratios 

within a segregating population. Segregation distortion is 

being increasingly recognized as a potent evolutionary 

force that is influenced by many factors, for example, 

mapping population, marker types, genetic transmission, 

gametic and zygotic selections, non-homologous 

recombination, gene transfer, transposable elements, 

environmental agents and so on
1-3

. 

 

In plants, Mangelsdorf and Jones
4
 first reported the 

phenomenon of segregation distortion in maize and 

subsequently segregation distortion studies were 

conducted in many other plant species including wheat
5-7

, 

sorghum
8
, barley

9-12
, tomato

13
 and tobacco

14
. 

 

In rice, segregation distortion was also reported many 

times
15,16

 involving F2
17,18

, reciprocal F2
3,19,20

, backcross 

progenies
19

, Recombination Inbred Lines (RIL)
21

 and 

doubled haploid
3
 populations from intra and interspecific 

crosses. 

 

Segregation distortion can be detected by wide range of 

markers including morphological markers, enzyme 
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markers and molecular markers
22,23

. Molecular markers 

are preferred over other markers as these are less prone to 

the influence of phenotype and more convenient for 

analysis of segregation distortion. Among molecular 

markers, Simple Sequence Repeats (SSR) markers are of 

particular interest for analyzing SD in all major crops and 

have also been extensively used for genome mapping both 

in plants and animals. Assigning SSR loci to linkage 

groups has been reported in many plant species including 

maize
24

, rice
25-27

, barley
28

, soybean
29

, chickpea
30,31

 and 

oilseed rape
32

. Moreover, the development of high density 

molecular linkage maps can be used to survey the whole 

genome for loci showing distorted segregation
33,34

. 
 

In the present study, two reciprocal F2 populations 
developed from IR29 (indica) and salt tolerant 
Bangladeshi rice variety Horkuch (aromatic)

35
 were 

genetically analyzed with polymorphic SSR markers. We 
first constructed a rice genetic linkage map of the F2 
populations using SSR markers, then assessed the 
frequency of distorted marker alleles, followed by 
identification of chromosomal regions consistently 
associated with segregation distortion in rice and 
discussion of the potential factors involved in the latter. 
Influence of nuclear genetic or cytoplasmic factors on SD 
rates was detected from the distortion patterns of DNA 
markers in the reciprocal F2 populations. Information of 
the loci, genetic elements and other factors responsible for 
SD in rice are important for the selection of breeding 
cultivars, and could also aid the development of 
molecular breeding programs. 
 

 
MATERIALS AND METHODS 
 

Plant materials 

F1 hybrids derived from reciprocal crosses between 

Horkuch (HK) and IR29 and two F2 populations 

generated from the reciprocal F1 hybrids were grown at 

the Plant Biotechnology Laboratory net house, University 

of Dhaka. In our study, 200 and 100 individuals of the F2 

generations derived from the crosses of IR29♀ × HK (IH) 

and HK♀ × IR29 (HI) respectively were genotyped. 

 

DNA extraction 

Genomic DNA was isolated from (0.5–1.0 g) pooled leaf 

tissue of an F2 individual using the modified CTAB 

method
36

 followed by quantification using the nanodrop 

spectrophotometer (Nanodrop 1000). The quality of the 

DNA was checked in 0.8% agarose gel in TAE (Tris 

acetate EDTA) buffer, pH 8.0. 

 

SSR markers and PCR amplification for identification 

of polymorphic SSR 

A total of 58 polymorphic markers were selected for 

genotyping of the IH and HI population. Chromosome 1, 

5 and 12 have 8, 6 and 12 markers respectively whereas 

chromosome 3, 4, 7, 8, 9, 10 and 11 have 4 markers each. 

Chromosome 2 and 3 have 2 and 3 markers respectively. 

These markers were synthesized and obtained 

commercially from IDT-1st BASE, Singapore. 

Polymerase chain reaction (PCR) was conducted with a 

final concentration of 2.3 mM MgCl2, 0.1 mM dNTPs, 0.3 

µM of each primer (forward and reverse primers) and 1 

unit of recombinant Taq polymerase (Invitrogen). After 

initial denaturation at 95°C for 5 mins, DNA 

amplification was carried out by 35 cycles of denaturation 

at 95°C for 1 min, 1 min of annealing at 55-60°C 

(depending on primer Tm), 1 min of extension at 72°C 

with a final extension step at 72°C for 10 min. 
 

Amplified PCR products were electrophoresed on non-

denaturing 10% polyacrylamide gel electrophoresis in 

1×TBE buffer. After EtBr staining the gels were 

visualized with alpha imager gel documentation system. 
 

Genotyping and analysis of segregation distortion of 

markers 

Based on the results of non-denaturing 10% 

polyacrylamide gel electrophoresis, the band type of per 

F2 line similar to Horkuch  was recorded as “A”, similar 

to IR29 was recorded as “B”, Heterozygotes were 

recorded as “H”, indistinct or lack of band was recorded 

as “-“. 
 

For each locus in this research, the observed segregations 

were tested against the theoretical expected Mendelian 

ratio (1:2:1) in F2 populations. Chi-square test was used to 

calculate the segregation distortion for each of the 

microsatellite loci with probability levels (p = 0.05 and p 

= 0.01) and the reason for segregation distortion was 

analyzed. Additionally, segregation distortion region 

(SDR) was detected if three or more closely linked 

markers distorted significantly in the F2 population. The 

most deviated marker in an SDR was considered the most 

likely location of a distorting factor. 
 

Analysis of genetic distortion factors 

The significant extent of the distorted markers, allele 

frequency homogeneity (p=q) and the distribution of 

genotype frequencies (p
2
:2pq:q

2
) of distorted markers 

were computed using Chi-square test with probability 

levels (p = 0.05 and p = 0.01)  in order to determine the 

gametic and zygotic selections of SD
17

. 
 

Construction of molecular genetic map 

JoinMap 4.0
37

 was used  to construct the genetic map 

using the Kosambi mapping function. Kosambi mapping 

function was used to calculate the genetic distances 

between the markers and convert recombination 

frequencies into map distances (centimorgan, cM). The 

maximum recombination rate was set to 0.40 and LOD 

threshold of 3.0 was chosen. Mapchart 2.3 software
38

 was 

used to draw the map using the map distances and loci 

obtained from JoinMap. 

 

RESULTS 
 

Chromosomal distribution of the SSR markers 

A total of 58 polymorphic markers were used for 

genotyping of the reciprocal F2 population that were 

distributed throughout 12 chromosomes (Figure 1).  
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Among these 58 markers, 25 markers were common for 

both the HI and IH populations. Additionally, 25 and 8 

markers were used for genotyping of HI and IH 

population respectively. 

 

 
Figure 1. Physical location of markers on chromosomes (Mbp). Blue color = Common markers, Green color = Markers used in IH population, 

Black color = Markers used in HI population 

 

Figure 2. Chromosome-wise distribution of markers. Common = 

common markers for both IH and HI populations, HK = markers for 

only HI population, IR = markers for only IH population. 
 

Chromosome 1 and 12 have 8 and 11 markers 

respectively whereas other chromosomes have 2-6 

markers each. Chromosome-wise distribution of markers 

was illustrated in Figure 2. 

 

Chromosomal distribution of the distorted markers 

Genotyping of reciprocal F2 populations (HI and IH) of 

Horkuch and IR 29 was conducted using SSR markers 

that were distributed throughout 12 chromosomes. 

 

Segregation distortion of the F2 populations was identified 

by the pattern of observed DNA markers after PCR and 

separation in gels. Among the 50 markers used to analyze 

the HI population, only 11 fitted the expected Mendelian
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Figure 3. Representative gel showing the polymorphic bands in F2 population of HI (genotyped with RM7075). L = Ladder, A = Horkuch, B = 

IR29, H = Heterozygotes, Each number represents on individual 
 

segregation, whereas 4 (8%) significantly deviated from it 

(P<0.05),and 35 (70%) had extremely significant 

deviation (P<0.01). In case of the IH cross, where a total 

of 33 polymorphic markers were used, 9 markers (27.3%) 

were found to fit the expected Mendelian segregation, 

whereas 4 (12%) and 20 (60%) markers showed 

significant (P<0.05) and extremely significant deviation 

(P<0.01) respectively (Table 1). 

 

Among the 25 markers common for both IH and HI, 24 

markers were found to be distorted in both the 

populations, or at least in one of them. Only RM6356 did 

not show any segregation distortion. 

 

All the markers on chromosome 4 and 11 showed 

significant deviation in both populations. All the markers 

except RM413 on chromosome 5 deviated significantly. 

However, RM413 showed significant distortion in the IH 

population. Both the markers on chromosome 2 were 

distorted significantly in HI population but none in IH 

population. In the HI population, seven out of nine 

markers on chromosome 12 were detected to have 

extremely significant deviation (P<0.01) (Table 1). 

 

In the HI population, 19 each of the markers deviated 

either towards the female parent, Horkuch, or the male 

parent IR29, whereas only RM5749 was skewed towards 

the heterozygote. 

 

On the other hand, among 24 distorted markers analyzed 

in the IH population, 14 and 10 markers skewed towards 

female parent, IR29 and male parent Horkuch, 

respectively but none towards heterozygotes (Table 1).

 

Table 1: Chi-square test for segregation distortion of markers in population. 

 HK × IR29 (HI) IR29 × HK (IH) 

Chr. 

No. 
Locus A h B χ² Favored genotype A h b χ² 

Favored 

genotype 

1 RM12160 67 29 3 99.73** HK      

1 RM10115      155 11 2 405.56** HK 

1 RM1287 26 26 47 31.22** IR 50 87 9 28.4** HK 

1 RM1349 18 38 26 2 
 

33 72 55 7.65* IR 

1 RM472 37 29 31 16.42** HK 89 0 75 166.39** IR 

1 RM493 21 42 35 6* IR 27 86 54 8.88* IR 

1 RM7075 65 7 28 101.34** HK 35 77 53 4.66  

1 RM581      98 0 64 176.27** HK 

2 RM12980 47 11 42 61.34** HK 48 84 35 2.03  

2 RM13628 91 5 2 240.67** HK 42 70 54 5.81  

3 RM15319 19 54 23 1.83 
 

     

3 RM15765 41 2 43 78.28** IR      

3 RM5626 35 11 54 68.06** IR 45 6 113 197.27** IR 

3 RM545      22 31 92 115.1** IR 

4 RM17391 5 50 43 29.51** IR     - 

4 RM280 23 18 56 60.81** IR 71 6 89 146.77** IR 

4 RM5749 13 60 25 7.88* Hybrid 22 80 49 10.19** IR 

4 RM6659 24 27 47 30.55** IR      

4 RM17931      57 73 34 8.43* HK 

5 RM17710 15 46 35 8.5* IR 37 32 86 84.41** IR 

5 RM18182 47 2 46 87.19** HK      

5 RM18758 76 1 23 152.22** HK 128 0 37 265.38** HK 

5 RM18979 30 2 61 105.84** IR      

5 RM413 27 41 31 3.24  42 70 55 6.39* IR 

6 RM20224      44 78 43 0.5  

6 RM20046 27 45 27 0.82 
 

     

6 RM314 31 11 58 75.42** IR 37 75 43 0.63  

7 RM21749 17 47 36 7.58* IR 26 57 48 9.6** IR 
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7 RM21861 59 3 31 98.25** HK      

7 RM436      89 0 61 160.45** HK 

7 RM5436 17 49 34 5.82 
 

     

8 RM310 27 28 45 25.84** IR      

8 RM6356 29 40 24 2.35  39 83 46 0.61  

8 RM72 45 10 45 64** HK 47 3 115 209.27** IR 

8 RM8265 52 7 39 75.45** HK 75 0 86 162.5** IR 

9 RM219 19 65 5 23.29** HK      

9 RM23818 26 34 26 3.77 
 

     

9 RM24834 43 29 27 22.15** HK 127 2 25 281.22** HK 

9 RM3609 69 9 20 114.31** HK 14 28 126 224** IR 

10 RM222 45 34 21 21.76** HK 50 74 30 5.43  

10 RM228 36 10 52 67.31** IR      

10 RM25181 34 44 21 4.64 
 

     

10 RM5806 27 56 16 4.15 
 

     

11 RM26231 18 28 53 43.42** IR 64 25 73 78.43** IR 

11 RM26474 52 0 48 100.32** HK 100 0 67 180.04** HK 

11 RM27128 77 21 2 146.14** HK      

11 RM27384 41 5 52 81.49** IR      

12 RM17 20 10 70 114** IR      

12 RM19 30 47 23 1.34 
 

     

12 RM27460 29 29 42 21.02** IR 35 93 39 2.35  

12 RM27731 66 5 28 109.18** HK      

12 RM27966 85 9 6 192.06** HK      

12 RM28107 53 17 26 55.23** HK 79 72 17 49.19** HK 

12 RM28346 31 43 24 2.47 
 

     

12 RM292877 10 35 45 31.67** IR      

12 RM27695      31 57 21 2.06  

12 RM28746      74 17 65 96.45** HK 

12 RM7102 21 9 70 115.26** IR      

 
Note: * at 0.05 significant level; ** at 0.01 significant level. HK = Horkuch, IR = IR29, Hybrid = F2 specific heterozygote, a = Horkuch like 

genotype, b = IR29 like genotype, h = heterozygote 
 

Nuclear and cytoplasmic effects on SD in reciprocal F2 

populations 
Similar distortion in both reciprocal F2 populations 
indicates that nuclear genetic factors are responsible for 
SD whereas if the markers are distorted in only one of the 
reciprocal F2 populations, a cytoplasmic effect can be 
inferred. Out of the 25 common markers, 16 markers were 
deviated from the expected Mendelian segregation ratio in 
both reciprocal F2 populations indicating effects of 
nuclear genetic factors on SD (Table 2).  

Eight markers were distorted in only one of the two 

reciprocal F2 populations indicating a cytoplasmic effect 

on SD. Among these 8 markers, two markers (RM1349 

and RM413) showed SD only in the IH population 

whereas six markers (RM12980, RM13628, RM27460, 

RM222, RM7075 and RM314) showed SD only in the HI 

population. 

For these 8 markers, favored marker genotypes also 

differed between the IH and HI populations. Both markers 

in IH population favored the IR29 genotype but in the HI 

population 3 out of 6 markers favored the Horkuch 

genotype, while the remaining 2 markers (RM314 and 

RM27460) favored the IR29 genotype (Table 2). 
 

Table 2: Nuclear and cytoplasmic effects on SD. 

HK X IR29 (HI) IR29 X HK (IH)  

Locus a h b χ² Favored genotype A h b χ² 
Favored 

genotype 

Nuclear/cytoplasmic 

effects 

RM1287 26 26 47 31.22** IR 50 87 9 28.4** HK Nuclear 

RM472 37 29 31 16.42** HK 89 0 75 166.39** IR Nuclear 

RM493 21 42 35 6* IR 27 86 54 8.88* IR Nuclear 

RM5626 35 11 54 68.06** IR 45 6 113 197.27** IR Nuclear 

RM280 23 18 56 60.81** IR 71 6 89 146.77** IR Nuclear 

RM5749 13 60 25 7.88* Hybrid 22 80 49 10.19** IR Nuclear 

RM17710 15 46 35 8.5* IR 37 32 86 84.41** IR Nuclear 

RM18758 76 1 23 152.22** HK 128 0 37 265.38** HK Nuclear 

RM21749 17 47 36 7.58* IR 26 57 48 9.6** IR Nuclear 
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RM72 45 10 45 64** HK 47 3 115 209.27** IR Nuclear 

RM8265 52 7 39 75.45** HK 75 0 86 162.5** IR Nuclear 

RM24834 43 29 27 22.15** HK 127 2 25 281.22** HK Nuclear 

RM3609 69 9 20 114.31** HK 14 28 126 224** IR Nuclear 

RM26231 18 28 53 43.42** IR 64 25 73 78.43** IR Nuclear 

RM26474 52 0 48 100.32** HK 100 0 67 180.04** HK Nuclear 

RM28107 53 17 26 55.23** HK 79 72 17 49.19** HK Nuclear 

RM1349 18 38 26 2 - 33 72 55 7.65* IR Cytoplasmic 

RM413 27 41 31 3.24 - 42 70 55 6.39* IR Cytoplasmic 

RM7075 65 7 28 101.34** HK 35 77 53 4.66 - Cytoplasmic 

RM12980 47 11 42 61.34** HK 48 84 35 2.03 - Cytoplasmic 

RM13628 91 5 2 240.67** HK 42 70 54 5.81 - Cytoplasmic 

RM314 31 11 58 75.42** IR 37 75 43 0.63 - Cytoplasmic 

RM27460 29 29 42 21.02** IR 35 93 39 2.35 - Cytoplasmic 

RM222 45 34 21 21.76** HK 50 74 30 5.43 - Cytoplasmic 
 

Note: * at 0.05 significant level; ** at 0.01 significant level. HK = Horkuch, IR = IR29, Hybrid = F2 specific heterozygote, a = Horkuch like 

genotype, b = IR29 like genotype, h = heterozygote 
 

The genetic distortion factors 

For the HI population, the extent of distorted markers was 

analyzed by Chi-square test. Chi-square test of allele 

frequency homogeneity (p=q) and the distribution of 

genotype frequencies (p
2
:2pq:q

2
)was conducted to infer 

whether there were gametic or zygotic selections
17

. 

 

Among 39 distorted markers, 27 markers (69%) deviated 

significantly toward allele frequency homogeneity (H = I) 

and 32 markers (82%) toward F2 distribution (H
2
:2HI:I

2
) 

in the HI population (Table 3). 

 

Table 3: Analysis of allele frequency of distorted markers in HI population. 

 

 

 

Marker 

Allele frequency χ² 

 

H 

 

I 

Allele frequency homogeneity 

(H = I) 

F2 distribution 

(H2: 2HI:I2) 

RM493 0.438 0.563 3.00 1.19 

RM1287 0.394 0.606 8.91** 20.05** 

RM472 0.531 0.469 0.74 15.50** 

RM7075 0.685 0.315 27.38** 70.19** 

RM12160 0.823 0.177 82.75** 0.00 

RM12980 0.525 0.475 0.50 60.75** 

RM13628 0.954 0.046 161.65** 17.10** 

RM5626 0.405 0.595 7.22** 59.56** 

RM15765 0.488 0.512 0.09 78.18** 

RM280 0.330 0.670 22.45** 32.66** 

RM5749 0.443 0.557 2.49 6.22* 

RM17391 0.306 0.694 29.47** 3.96 

RM6659 0.403 0.597 6.97** 14.64** 

RM17710 0.396 0.604 8.33** 0.00 

RM18758 0.765 0.235 56.18** 94.52** 

RM18182 0.505 0.495 0.02 87.17** 

RM18979 0.333 0.667 20.67** 84.22** 

RM314 0.365 0.635 14.58** 58.17** 

RM21749 0.405 0.595 7.22** 0.06 

RM21861 0.651 0.349 16.86** 80.27** 

RM72 0.500 0.500 0.00 64.00** 

RM8265 0.566 0.434 3.45 71.57** 

RM310 0.410 0.590 6.48* 17.75** 

RM3609 0.750 0.250 49.00** 55.88** 

RM24834 0.581 0.419 5.17* 15.72** 

RM219 0.585 0.415 5.11* 23.93** 

RM222 0.620 0.380 11.52** 7.75* 
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RM228 0.418 0.582 5.22* 61.21** 

RM26231 0.323 0.677 24.75** 12.37** 

RM26474 0.520 0.480 0.32 100.00** 

RM27384 0.444 0.556 2.47 78.79** 

RM27128 0.875 0.125 112.50** 0.16 

RM27460 0.435 0.565 3.38 16.81** 

RM28107 0.641 0.359 15.19** 36.36** 

RM17 0.250 0.750 50.00** 53.78** 

RM27731 0.692 0.308 29.17** 76.93** 

RM7102 0.255 0.745 48.02** 58.24** 

RM27966 0.895 0.105 124.82** 27.16** 

RM292877 0.306 0.694 27.22** 0.63 
 

Note: * at 0.05 significant level; ** at 0.01 significant level. Bold = significant distortion in both allele frequency homogeneity and F2 genotype 

frequency distribution 
 

23 out of the 27 markers deviating toward allele 

frequency showed extremely significant distortion 

(P<0.01) whereas the remaining 4 markers showed 

significant distortion (P<0.05).  

 

In case of F2 distribution, 30 markers out of the 32 

showed extremely significant distortion (P<0.01). 

OnlyRM5749 and RM222 showed significant distortion 

(P<0.05). 
 

In case of 39 distorted markers, both allele frequency and 

F2 genotype frequency distribution of 22showed 

significant segregation distortion indicating that their 

segregation was influenced by both gametic and zygotic 

selections simultaneously in HI population. 

Allele frequencies of RM472, RM12980, RM5749, 

RM72, RM18182, RM8265, RM26474, RM27384 and 

RM27460 did not show significant distortion, but their F2 

genotype frequencies were distorted significantly. So it 

was inferred that their segregation were influenced by 

zygotic selection only. 
 

Conversely, RM12160, RM17391, RM21749, RM27128 

and RM292877 distorted significantly in allele frequency, 

but their F2 genotype frequencies did not show any 

significant distortion. These results suggested that the 

gametic selection had greater influence on the 

segregations. Beside these segregations, allele frequency 

and F2 genotype frequency of RM493 did not show any 

significant distortion but deviated toward IR29 genotype 

(Figure 4). 

 
Figure 4.  Locus genotype frequency, χ², genotype skewness and genetic distortion factors for the HI population. 
 

Skewness towards genotype is represented by blue circle and genetic distortion factors as black circle over the bar.  = Skewed toward Horkuch, 

 = Skewed toward IR29,  = Skewed toward Heterozygote,  = both gametic and zygotic selections,  = gametic selection,  = zygotic 

selection and  = No selection 
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In the IH population, analysis of allele frequency of 

distorted markers showed that 15 out of 24 markers 

(62.5%) distorted significantly (P<0.05) toward both 

allele frequency homogeneity (H = I) and F2 distribution 

(H
2
: 2HI:I

2
), RM17710 towards none and remaining 8 

markers toward either allele frequency homogeneity or F2 

distribution (Table 4). Each of 4 markers distorted toward 

allele frequency homogeneity and F2 distribution (Figure 

5). 

 

 

Figure 5.  Locus genotype frequency, χ², skewness and genetic distortion factors for the IH population. 
 

Skewness towards genotype is represented by blue circle and genetic distortion factors as black circle over the bar.  = Skewed toward Horkuch, 

 = Skewed toward IR29,  = both gametic and zygotic selections,  = gametic selection,  = zygotic selection and  = No selection 
 

Table 4. Analysis of allele frequency of distorted markers in IH population 

 

 

 

Marker 

Allele frequency                       χ² 

 

H 

 

I 

Allele frequency homogeneity 

(H = I) 

F2 distribution 

(H2: 2HI:I2) 

RM1287 0.373 0.627 18.75** 110.06** 

RM1349 0.378 0.622 19.01** 11.58** 

RM17710 0.516 0.484 0.32 1.90 

RM18758 0.888 0.112 198.59** 2.63 

RM21749 0.382 0.618 14.67** 6.56* 

RM24834 0.906 0.094 202.92** 0.36 

RM26231 0.620 0.380 18.78** 0.30 

RM26474 0.799 0.201 119.76** 10.52** 

RM280 0.696 0.304 50.90** 11.79** 

RM28107 0.521 0.479 0.58 106.79** 

RM3609 0.458 0.542 2.33 43.78** 

RM413 0.416 0.584 9.39** 17.34** 
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RM472 0.771 0.229 96.60** 14.41** 

RM493 0.323 0.677 41.69** 11.38** 

RM5626 0.619 0.381 18.55** 34.80** 

RM5749 0.308 0.692 44.56** 8.60* 

RM72 0.633 0.367 23.47** 41.36** 

RM8265 0.733 0.267 69.88** 21.38** 

RM10115 0.929 0.071 246.86** 139.20** 

RM17931 0.451 0.549 3.12 55.43** 

RM28746 0.683 0.317 41.65** 0.23 

RM436 0.797 0.203 105.61** 9.77** 

RM545 0.469 0.531 1.12 10.88** 

RM581 0.802 0.198 118.57** 9.82** 

Note: * at 0.05 significant level; ** at 0.01 significant level. Bold = significant distortion in both allele frequency homogeneity and F2 genotype 
frequency distribution 

 

Construction of linkage map 

Genetic linkage map was constructed for HI population 

using 50 polymorphic SSR markers. 15 out of 50 markers 

loci were located in the 7 linkage group, and mapped on 7 

of 12 chromosomes spanning a total length of 462.857 cM 

of rice genome, with the average intervals of 30.86 cM 

between adjacent markers. No linkage group is mapped  

 

on chromosome 2, 4, 6, 8 and 11 (Figure 6). The IH 

population was not used to construct the genetic linkage 

map due to the lack of markers covering all the 12 

chromosomes. Only 33 markers were used for genotyping 

of IH population as a result number of linkage group and 

markers in linkage group were very low. 
 

 
Figure 6. Genetic linkage map of HI F2 population and the distribution of markers with segregation distortion in the map. The numbers on the left 

are the genetic distances in centiMorgans (cM) between markers. Marker names are on the right. Blue colored underlined markers = distorted 
markers. * and ** indicate significance levels of distorted segregation at 5% and 1%, respectively. 

 
 

DISCUSSION 
 

Segregation distortion is a common phenomenon in 

segregated populations derived from crosses between 

divergent parents  in rice
39

. F2 populations are used to 

construct genetic linkage maps in plants irrespective of 

self-pollination or cross-pollination as it is easy to 

establish in a short time
17

. In our study, we used F2 

reciprocal populations of Horkuch and IR29 to construct a 

genetic linkage map and to study SD, since we could not 

establish a linkage map with all the 12 chromosomes. 

IR29 is a salt sensitive indica rice variety whereas 

Horkuch is a salt tolerant rice variety of coastal region of 

Bangladesh that was reported to cluster with salt tolerant 

and aromatic rice varieties
40

. 

 

Higher segregation distortion ratio in interspecific 

population than that in intraspecific population has been 

reported in many plants
41-43

. There are different reports 
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about the amount of segregation distortion in rice, 

between indica and japonica subspecies. One report 

observed 43.7% and 40.2% segregation distortion in F2 

reciprocal crosses between indica and japonica varieties, 

respectively. Others have reported segregation distortion 

ranges from 12-35%inindica and japonica F2crosses and 

reciprocal populations. We observed a much higher 

segregation distortion of markers in Horkuch and IR29 

reciprocal F2 populations that was73%and 78% 

respectively for IH and HI populations. These results 

indicated that IR29 (indica) and Horkuch (aromatic) used 

in this study may be more divergent than indica and 

japonica. However, the exact comparative genetic 

distance among the indica rice IR29, aromatic Horkuch 

and japonica rice needs to be determined. 

 

Cytoplasmic and genetic factors are two of the major 

influencing factors causing of segregation distortion. 

Genetic factors include pollen tube competition, lethal 

pollen, preferential fertilization, sterility and chromosome 

translocation. The first three types are defined as gametic 

selection
23

. Several genetic factors have been identified in 

plant species such as maize
44

, rice 
17,45

, soybean
46,47

. 

 

Segregation distortion was directly or indirectly 

associated with the effect of cytoplasm. The effect of 

cytoplasmic factors on the transmission of nuclear marker 

genes in barley
9
 and effects of cytoplasmic factors  on SD 

in rice
19

 have been reported. Based on the results of our 

study, it can be inferred that SD was influenced by both 

nuclear and cytoplasmic factors in reciprocal F2 

populations. 

 

Effect of gametophytic and zygotic factors on SD has 

been reported in rice. Zygotic selection causing SD is 

explained by those markers which are distorted in both 

female-and male segregating populations. The 

gametophytic (female and male gamete function) and 

zygotic selection as mechanisms underlying SD can be 

inferred from the distorted marker patterns
19

. In our study, 

SD of 22 and 15 markers were found to be influenced by 

gametic and zygotic selections simultaneously in the HI 

and IH population whereas 13 markers by either zygotic 

or gametic selection. So it can be concluded that gametic 

and zygotic selections had big effects on SD in the F2 

reciprocal populations. 

 

Construction of linkage maps are often complicated in the 

presence of SD as it is known to affect recombination 

frequency and thus the construction of genetic linkage 

map. JoinMap 4.0 employed in this study, is a popular 

program for establishing genetic maps. Although we 

ignored the effect of segregation distortion on linkage 

analysis, the program used only 15 out of 50 markers for 

linkage analysis. Some programs, for example, 

MapManager and Mapdisto can handle segregation 

distortion by providing options for calculating linkage 

distances of distorted markers, and several algorithms 

were developed to adjust recombination frequency in such 

cases
48,49

. LOD ≥ 3.0 was used in linkage map 

construction using SSR data. LOD ≥ 3.0 is considered as 

the presence of a linkage between the two loci.7 linkage 

groups were mapped on 7 chromosomes but none on the 

other 5 chromosomes. Number of markers were few for 

those chromosomes with no linkage group and the lack of 

markers might be a reason for the missing linkage groups. 

No segregation distortion region (SDR) was detected in 

the map as no significant distortion in three or more 

closely linked markers. Analysis and identification of loci 

and their genetic and cytoplasmic effects responsible for 

SD in our study could lead to understanding of the 

underlying mechanisms. Moreover, if the salt tolerance 

determinants of Horkuch are to be put into indica 

backgrounds for breeding salt tolerant rice, a bridging rice 

cultivar, intermediate in genetic distance between indica 

and aromatic varieties may be required. 
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