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ABStrAct                        Modern biological tools of genetic engineering and biotechnology can allow trans-
fer of gene(s) across crop species. The r-DNA technology has tremendous potential to transfer 
bread making character of bread wheat into sorghum by transferring glutenin gene(s), which 
can improve the visico-elastic property of the sorghum flour/dough. These genes in addition to 
improving quality can significantly contribute to improve the nutritional status by the addition 
of more protein fractions also. In the simplest approach, new HMW gluten loci may be created 
via transformation to bioengineer sorghum quality. For this, amplified γ-kafirin promoter (574 
bp) was subcloned in pCAMBIA1304 by replacing CaMV35S promoter (ca. 800 bp) of the gus 
reporter gene resulting in vector pkaf-gus, where the expression of gus reporter gene is under 
the control of γ-kafirin promoter. In order to construct a gene cassette where HMW glu gene(s) 
will be under the control of γ-kafirin gene promoter, kafirin promoter was first cloned in pUC19 
and then HMW gene(s) were excised from their respective vectors and cloned under the control 
of promoter. Finally, two gene cassettes were developed as pKaf-Dx5 and pKaf-Dy10 where 
expression of the HMW glu gene Dx5 (8.7 kb) and Dy10 (6.4 kb) was driven by the γ-kafirin 
gene promoter. Both gene cassettes are ready to clone in any vector to bioengineer sorghum 
by genetic transformation Acta Biol Szeged 52(2):277-282 (2008)
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Sorghum improvement can be a multidirectional program. 
There could be different strategies for the enhancement of 
economic value of the sorghum. However, lysine content 
enhancement and dough making quality improvement are the 
major areas that need urgent attention. The scope  to improve 
the nutritional and dough quality of sorghum grain protein 
by employing classical plant breeding seems to be  limited 
as only low level of variations are available in sorghum  gene 
pool  for crossing. Only two mutant high lysine genes are 
currently available. These are spontaneous mutant gene h1, 
which was initially identified in an Ethiopian line (Singh and 
Axtell 1973) and P 721 opaque gene which was induced with 
ethyl methane sulphonate (EMS) (Axtell et al. 1979). Both 
of these lines can be defined as “low prolamin” mutants with 
pleiotropic effects on other grain characteristics. Hence, it 
has proved difficult to incorporate the high lysine phenotype 
into varieties with high yield and acceptable agronomic per-
formance and processing properties. 

Of all cereal grains, wheat is unique because wheat flour 
has the ability to form dough that exhibits the rheological 
properties required for the production of bread and for the 

wider diversity of foods. The unique properties of the wheat 
grain reside primarily in the gluten forming storage proteins 
of its endosperm. Glutenin are among the largest protein mol-
ecules in nature (Wrigley 1996) and classified as prolamins 
(Shewry and Halford 2002). Wheat prolamins are character-
ized as HMW prolamins (High molecular weight glutenin 
subunits, HMW-GS), S-rich prolamins (γ-gliadin, α-gliadin 
and B & C type of LMW-GS) and S-poor prolamins (D type 
of LMW glutenin). HMW-GS have been closely associated 
with bread making quality. After very long investigation, it 
was found that the glu D1 encoded HMW glutenin subunit 
pair 5+10 and glu 1Ax1 is associated with greater dough 
strength of the wheat (Shewry and Halford 2002; Altpeter et 
al. 2004). D’Ovidio and Anderson (1994) confirmed the role 
of glu D1 (Dx5+Dy10) in bread making quality of wheat. 
They analyzed that the y-type subunits are the main compo-
nents responsible for dough making quality of the flour while 
x-type subunit have only minor effect. Two hypotheses have 
been proposed to explain the superior bread/ dough-making 
quality of wheat cultivars possessing subunits Dx5+Dy10 
compared with those possessing subunits Dx2+Dy12. The 
first hypothesis considers that the additional cysteine residue 
present in the N-terminal domain of the Dx5 subunit plays 
an important role in influencing the disulphide cross-linked 
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glutenin network necessary for dough properties (Greene et 
al. 1988). The second hypothesis proposes that the higher 
proportion of consensus-type repeats in the Dy10 subunit 
gives rise to a more regular pattern of β-turns in the central 
repetitive domain, which is responsible for conferring better 
elastic properties on this subunit and consequently on the 
dough (Flavell et al. 1989). 

Genetic engineering offers an opportunity to overcome 
the limitations of plant breeding and has opened up new av-
enues to improve the physical and nutritional quality of grain 
sorghum. Gene manipulation includes two major approaches. 
First is a gene alteration in which expression of existing seed 
storage protein gene(s) is enhanced by addition, deletion or 
substitution of certain sequences by site directed mutagenesis 
(Mutational breeding). Second approach is the addition of a 
foreign gene with novel or improved characters (Transgenic 
technology). Transgenic technology is worldwide used tech-
nique to enhance economic value of the crops. 

Proper regulation of the expression of introgressed seed 
storage proteins gene is necessary for the success of a trans-
genic. Seed protein gene expression is not only developmen-
tally but also metabolically regulated. Promoters including 
several upstream sequences are crucial and required to regu-
late gene expression both quantitatively and qualitatively. The 
regulatory sequences of promoters that define the qualitative 
specificity of gene expression in plants have been studied and 
much information has accumulated in recent years (Mishra 
et al. 2008). Attempts were made to express different genes 
in sorghum by using either constitutive promoters or gamma 
zein promoter however expression level was not reported 
(Grootboom and O’Kennedy 2003). It was therefore con-
cluded that if the dough making quality of sorghum is to be 
improved by introgressing a glutenin gene, a seed specific 
promoter from sorghum will be better.

Alpha kafirin promoter of sorghum expresses α- kafirin 
proteins in abundant and it is located in the core of the protein 
body. β-kafirin promoter expresses protein in the interior of 
the protein body (Shull et al. 1992). These two promoters 
will be poor choice for the expression of the HMW glu gene 
of the wheat as the basic protein body of the sorghum gets 
disrupted and resultant is the alteration of basic property of 
the sorghum proteins. γ-kafirin proteins are found periphery 
of the protein body and it is expected that γ-kafirin gene 
promoter will allow expression of desired HMW glu gene 
at periphery of the protein body by replacing the γ-kafirin 
protein or as the floating protein bodies so that we will get 
better dough making quality without alteration of the basic 
property of the sorghum flour (Mishra et al. 2008; Bansal et 
al. 2008). Therefore γ-kafirin gene promoter with minimum 
regulatory essential motifs was isolated and its temporal and 
spatial expression was studied previously (Mishra et al. 2008). 
Proper regulation of transformed seed storage protein gene is 
necessary for the success of transgenic plants. Endospermal 

expression of native γ-kafirin gene is prerequisite for devel-
opment of bioengineered grain sorghum, hence it has also 
been studied previously (Bansal et al. 2008). In the present 
study a suitable ready to use gene construct, harboring HMW 
glutenin gene driven by γ-kafirin promoter, was prepared for 
transformation, using previously isolated and characterized 
γ-kafirin gene promoter of sorghum (Mishra et al. 2008) and 
HMW glutenin gene of wheat (Pandey et al. 2008).  

Materials and Methods

cloning and sequencing of the amplified 
gamma kafirin gene promoter

PCR based amplified γ-kafirin gene promoter (574bp) (gene 
accession AJ 629151; Mishra et al. 2008) was purified using 
MinElute PCR Purification kit (Qiagen, Germany), according 
to manufacturer’s instructions, cloned in pGEM T-easy vector 
(Promega, USA) and sequenced using T-7 and SP-6 primers. 
Sequence was analyzed using bioinformatics tools and sub-
mitted to NCBI (www.ncbi.nlm.nih.gov) data bank.

construction of vector pKaf-gus

pCAMBIA 1304 and pGEM-kaf were isolated and subjected 
to restriction digestion by Nco I and Sac I (MBI fermentas, 
Canada) to release kafirin promoter (574 bp) from pGEM 
T-easy and CaMV35S promoter (size 800 bp) from pCAM-
BIA 1304. Gamma kafirin promoter and pCAMBIA lacking 
CaMV35S promoter (pCAMBIA1304CaMV35S) were 
purified from gel using SNAP Gel purification kit (Invitro-
gen, Life Tech, USA). Gamma kafirin promoter was cloned 
in pCAMBIA1304CaMV35S, in place of CaMV35S 
promoter, the resultant plasmid was named pKaf-gus and 
positional cloning was confirmed by restriction digestions 
and PCR. 

construction of vector pKaf 

Plasmid pUC 19 and gene construct pkaf-gus were isolated 
and digested with enzyme Pst 1 (MBI fermentas, Canada). 
After purification of digested plasmids, linearized pUC 19 
was again digested with enzyme BamH I while pkaf-gus 
was digested with Bgl II. Double digested pUC 19 and 
γ-kafirin promoter were eluted from the agarose gel using 
MinElute Gel extraction kit (Qiagen, Germany) following 
manufacturer’s instructions and gamma-Kafirin promoter 
was sub-cloned in pUC 19 vector. Subcloned kafirin pro-
moter was transformed to E. coli DH 5 α strain and positive 
recombinants were selected and named as pkaf. Ligation was 
confirmed by restriction digestion analysis.      

construction of vector pKaf-dx5 and pKaf-dy10

Both glutenin genes, Dx 5 and Dy 10, cloned in pBLUSCRIPT 
SK-, and vector pKaf were excised by double digestion us-
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ing enzymes Kpn I and Sac I and purified using MinElute 
Gel extraction kit (Qiagen, Germany). HMW glu genes Dx 
5 and Dy 10 were cloned at Kpn I and Sac I restriction site. 
Ligated product was transformed to E. coli DH 5 α strain 
and all transformed colonies were picked and recombinant 
clones/ plasmids were named as pKaf-Dx5 and pKaf-Dy10. 

Randomly selected putative colonies were inoculated in 3 
ml Luria- Bertani (LB) media (1% Tryptone, 0.5% Yeast 
extract and 0.5% NaCl; pH 7.0) and plasmids were isolated, 
electrophoresed and then cloning was confirmed by restriction 
digestion analysis. 

Figure 1.  Strategy for construction of gene cassette pKaf-gus.

Xho I (279) XhoI (1373) Nco I (3216)
Bgl I (3223)
Spe I (3230)

Nhe I (5756)
Pm lI (5779)
Bst EII (5789)

pCAMBIA 1304
 Hyg             CaMV                    CaMV            mgfp      gus 

EcoRI(2403)
Sac I
Kpn I
Sma I
BamHI
Xba I
Sal I
Pst I
Sph I
Hind III(2454)

Sac I/ Nco I

Nco I
Sac I

Sac I Nco I

LB RB

LB RB
 Hyg                 CaMV                          mgfp  gus 

CaMV

pGEM-Kaf 

Sac I
Nco I

Sac I/ Nco I EcoRI
Sac II
Not I
Nco I
Sph I
Aat II
Apa I

Spe I
Eco RI
Not I
Pst I
Sal I
Nde I
Sac I
Bst XI
Nsil i

   Kaf prom

Xho I XhoI Eco RI
Sac II
Not I
Nco I
Bgl II
Spe I

Nhe I
PmlI
Bst EII

 Hyg             CaMV               kaf prom         mgfp      gus 

EcoRI 
Sac I
Nde I
Sal I
Pst I
Not I
Eco RI
Spe I

LB RB

pKaf-gus 

Ligation



280

Mishra et al.

result and discussion

construction of gene cassette pkaf-gus

Plasmid pCAMBIA 1304 and pCAMBIA 2301, both were 
available in the laboratory for the sub- cloning of the kafi-
rin promoter(s). Both plasmids were isolated and analyzed 
for the suitability of sub- cloning by a series of restriction 
digestions. In pCAMBIA 1304, CaMV 35 S promoter of 
the reporter gene gus/gfp is flanked between Sac I and Nco 
I restriction enzyme while in pCAMBIA 2301, an extra Nco 
I site is present with the second CaMV 35S promoter of the 
selection marker gene which limits its selection for subclon-
ing. Thus, pCAMBIA 1304 was selected for the construction 
of gene cassette on the basis of restriction digestion analysis 
and compatibility with pGEM-kaf vector. Kafirin promoter, 
cloned in pGEM- T easy vector, has expression direction from 
Sac I to Nco I restriction sites. In, pCAMBIA 1304, CaMV 
35S promoter is also flanked with these two restriction sites 
and also has same expression direction (Fig. 1).  

pCAMBIA 1304 and pGEM-kaf were digested with Nco I 
and after purification, again digested with Sac I enzyme. Di-
gested plasmids were electrophoresed on preparative agarose 
gel for elution. Desired kafirin promoter of size 574 bp (gene 
accession AJ629151; Mishra et al. 2008) as well as pCAM-
BIA 1304 ( CaMV 35 S) of size 11558 bp were eluted from 
the gel (Fig. 2) and a ligation reaction was set up in different 
molar ratios of the insert and vector. A measure of 5 µl of the 
ligation mix was transformed to competent cells of E. coli DH 
5α and incubated overnight at 37°C and the best result was 
observed in 1:2 molar ratio. There is a possibility to grow only 
recombinants as neither pCAMBIA (non- recombinants) nor 
γ- kafirin promoters could recircularize (as double digested). 
All colonies were recombinants and 15 representative colo-
nies were picked up and inoculated to LB media containing 
kanamycin. Plasmid of all representative colonies were 

isolated and ligation of kafirin promoter to pCAMBIA was 
confirmed by Eco RI restriction digestion. There is only one 
Eco RI site on pCAMBIA whereas in recombinant pCAMBIA 
1304, promoter to be cloned on the behalf of CaMV promoter 
will bring an extra Eco RI site, as promoter is flanked with 
this enzyme site (Fig. 1). Thus, on restriction digestion with 
Eco RI enzyme, insert (cloned kaf promoter) will excise out 
having the expected size. These recombinant gene cassettes 
were named as pkaf gus and its efficacy (temporal and spatial 
expression) was previously checked by transforming to dif-
ferent sorghum tissues (Mishra et al. 2008).

construction of gene cassettes pKaf ‘glu’

The main goal of the research is to develop transgenic sor-
ghum having good rotibread making quality and for this 
HMW glu gene(s) (viz. Dx5 and Dy10) of wheat were 
isolated and characterized (Pandey et al. 2008). A fusion of 
promoter and HMW glu gene(s) in a specific orientation is 
required. 

Subcloning of kaf promoter to pUc 19

Plasmid pUC 19 and gene construct pkaf-gus were isolated 
in bulk and digested with enzyme Pst I, resulting in lineariza-
tion of the plasmids. After purification of digested plasmids, 
linearized pUC 19 was again digested with enzyme Bam HI 
while pkaf-gus was digested with Bgl II. As a result of the 
double digestion, pUC 19 plasmid was linearized with Pst 
I and Bam HI protruding ends, while kafirin promoter was 
excised from pkaf-gus vector with Pst I and Bgl II protruding 

Figure 2. Excision of kafirin promoter from pGEM-kaf and CaMV 
promoter from pCAMBIA1304 by using restrction enzymes Nco 1 
and Sac 1.

Figure 3. Excision of  HMW glutenin Dx5 gene from pK+Dx 5 and Dy10 
gene from pK-Dy 10  by restriction digestion with Kpn I and Sac I .
Lane MS: Marker super mix DNA ladder 
Lane 1    : Partialy digested pK+Dx 5 
Lane 2    : Undigested pK+Dx 5 
Lane 3    : Complete digested pK+Dx 5 (to be eluted) 
Lane M  : Marker lambda Hind III/ Eco RI double digested
Lane 4    : Partial digested pK-Dy 10 
Lane 5    : Complete digested pK-Dy 10 (to be eluted) 
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ends. Double digested pUC 19 and kafirin promoter were elut-
ed from the agarose gel. Kafirin promoter was ligated in pUC 
19 as both insert and vector having compatible ends (Bam 
HI and Bgl II both leaving same protruding ends GATC). 
Subcloned kafirin promoter was transformed to E. coli DH 
5 α strain and recombinant was selected by blue white color 
selection and named as pKaf. White colonies were selected, 
plasmid pKaf was isolated and ligation was confirmed by 
restriction digestion as in pUC 19 there is only one site of the 
Eco RI while in pKaf, inserted kafirin promoter was flanking 
within Eco RI site and after restriction digestion with Eco RI, 

kafirin promoter of approximate size 574 bp was excised and 
thus giving positive confirmation of the cloning.            

Subcloning of HMW glu gene to pKaf vector 

Kafirin promoter was cloned in pUC 19 in such orientation 
that it’s expression direction is Pst I to Bam HI / Bgl II. Both 
glu genes Dx 5 and Dy 10 were isolated in bulk and both 
genes were excised by double digestion using enzyme Kpn I 
and Sac I (Fig 3). Excised genes were eluted from the agarose 
gel and purified. These eluted glu gene(s) have expression 
direction from Kpn I to Sac I. Vector pkaf was also double 
digested with same Kpn I and Sac I restriction enzymes and 
purified. HMW glu genes Dx 5 and Dy 10 were cloned at Kpn 
I and Sac I restriction sites, which is present just down-stream 
to kafirin promoter in same expression orientation. Ligated 
product was transformed to E. coli DH 5 α strain and all 
transformed colonies were picked. All grown colonies were 
putative recombinant as pKaf and glu gene(s) were double di-
gested and eluted so there is no possibility of any type of self 
ligation. Randomly selected putative colonies were inoculated 
in 3 ml LB media for the plasmid isolation. There is no color 
selection and all colonies were found white as glu gene(s) 
were cloned in pKaf, which was a recombinant (kaf promoter 
was cloned at lac z site of the pUC 19). Recombinant clones/ 
plasmids were named as pKaf-Dx 5 and pKaf-Dy 10. All 
plasmids were electrophoresed and then digested with Eco 
R I to confirm cloning of the glu gene(s) as pKaf containing 
Eco RI site with kafirin promoter (~600 bp) while pKaf-Dx 
5/ Dy 10 containing an extra Eco RI site with glu gene(s) (8.7 
kb Dx 5 and 6.5 kb Dy 10). The map of the gene construct 
pKaf prom Dx 5/ Dy 10 is shown in Figure 4.

Finally, two gene cassettes were developed as pKaf-Dx5 
and pKaf-Dy10 where, expression of HMW glu gene Dx5 
and Dy10 was driven by the kafirin gene promoter. Both gene 
cassettes are ready to clone in any transformation vector by 
excising at Pst I restriction sites. Like other prolamin genes, 
kafirins are also subjected to tissue-specific and develop-
mental regulation, being expressed exclusively in the starchy 
endosperm during mid- and late-development. This control 
of gene expression is exerted primarily at the transcriptional 
level (Bartels and Thompson 1986; Sorensen et al. 1989; 
Mutisya et al. 2006). Freitas et al. (1994) reported a gus gene 
expression driven by γ-kafirin gene promoter while similar 
type of expression was also observed by Mishra et al. (2008). 
DeRose et al. (1996) observed gus gene expression in trans-
genic tobacco seeds, developed by Agrobacterium mediated 
transformation, using an α-kafirin gene promoter and uidA 
gene construct. The HMW glutenin protein 1Ax1, Dx5 and 
Dy10 are successfully expressed in several other plants and 
also in E. coli. In these studies, HMW glutenin gene was ex-
pressed in either homologous system (i.e. Plant system) with 
plant promoter (CaMV, HMW or LMW glutenin promoter) 
or heterologous system (i.e. E. coli; Bartels et al. 1985; Galili 

Figure 4. Restriction digestion map of gene construct pKaf -Dx5/ Dy 
10.
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1989; Altpeter et al. 2004; Pandey et al. 2008). With the best 
of our knowledge there is no report on the expression of 
wheat glutenin gene(s) driven by the kafirin gene promoter 
and present study may be the first report on the availability of 
a gene construct (Fig. 4) where HMW glutenin gene is driven 
by kafirin gene promoter.
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