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 Successful transgenics require stringent production of large number of successful 
transgenic events when there is no solution from gene pools of donor varieties through 
conventional breeding. However transgenic technology is a sequential, cumbersome and 
expensive process. Moreover, it is time consuming, one has to wait for the inheritance of 
successful transgene into the next generation. Selectable marker genes will play a pivotal role 
in transient gene confirmation. In the context where the application of herbicide/antibiotic genes 
as selectable markers is limited; Sugar based selection involving phospho mannose isomerase 
gene will be helpful in screening of the transformed events. Mannose based selection system is 
evaluated in indica rice and the optimum selection concentration is standardized. The results, 
prospects and consequences are discussed.
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	 Genetically	modified	 (GM)	 crops	 are	 a	
field	 reality	 and	many	nations	had	 adopted	GM	
crops.	Several	agronomical	traits	targeting	various	
biotic	 and	 abiotic	 stresses	 were	 successfully	
incorporated	into	various	crop	species1.These	traits	
provide	metabolic	advantage	 to	 the	crop	species	
whose	 native	 genepool	 does	 not	 harbor	 specific	
target	 genes.	 Several	 genes	 were	 transferred	
across	 the	 species2-3.	 irrespective	 of	 the	 genetic	
background.	However,	 success	 of	 foreign	 gene	
transfer	depends	on	the	stringent	selective	criteria,	
adopted	after	gene	transformation.	Predominantly	
selection	of	transformed	explants	is	done	with	the	
help	 of	 antibiotic	 selectable	markers	with	 their	
added	advantage	to	make	the	transformed	explants	
survive	 in	 the	 selective	 antibiotic	medium4-11.	
However,	these	antibiotic	selectable	marker	genes	

pose	environmental	threats12-22.	Keeping	in	view,	
the	 biosafety	 aspects	 of	 transgenics,	 positive	
selection	is	adopted	using	nontoxic	substances	as	
selectable	agents,	 such	as	xylose,	galactose,	and	
mannose23-25.
	 In	 this	 study	we	had	 utilised	mannose/
phosphomannose	 isomerase	 (PMI)	 system.	 In	
this	 system,	man A gene	coding	 for	 the	enzyme	
phosphomannose	 isomerase	 (pmi)	 taken	 from	
Escherichia coli, is	 used	 as	 selectable	marker26.	
This	 system	 allows	 selection	 of	 transformed	
explants	which	 have	 a	metabolic	 advantage	 to	
utilize	mannose	 sugar	 in	 the	medium	whereas	
non	 transformed	 cells	 cannot.	 	 The	 selection	
strategy	 is	 based	 on	 the	 observation	 that	 the	
intracellular	hexokinase	converts	mannose	into	its	
orthophosphate	by	utilizing	the	energy	currency	of	
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the	cell,	thereby	resulting	in	feedback	inhibition	of	
the	cycle	and	further	severe	growth	inhibition	of	the	
cells27-30.	However,	the	enzyme	phosphomannose	
isomerase	 (pmi)	 catalyzes	 the	 conversion	 of	
accumulated	 mannose	 orthophosphate	 into	
fructose-6-phosphate	which	 can	 be	metabolized	
by	the	transformed	cells31.	In	this	kind	of	selection,	
non-transformed	cells	are	deprived	of	the	metabolic	
carbon	 source,	 hence	 their	 growth	 is	 restricted,	
whereas	the	transformed	counterparts	start	growing	
in	 the	mannose	medium.	However,	 in	 antibiotic	
selection,	 non-transformed	 cells	 are	 killed	 due	
to	the	toxic	effects	of	antibiotic.	Hence	antibiotic	
selection	is	called	as	negative	selection,	whereas	
mannose	 based	 selection	 is	 called	 as	 positive	
selection.
	 In	this	study	PMI	gene	was	transformed	
into elite indica	 rice	 variety	 Swarna.	Mannose	
is	 employed	 as	 sugar	 source	 for	 selection.	
Experimental	results	regarding	optimizing	selection	
concentration	of	mannose	and	variations	followed	
during	 regeneration	 stage	 compared	with	 other	
studies	along	with	the	prospects	and	consequences	
involved	were	discussed.	

Materials and Methods

Genotype
	 In	this	study,	an	elite	indica	rice	variety	
Swarna,	is	used	for	transformation.	It	is	a	popular	
rice	variety	and	is	widely	grown	in	eastern	Indian	
and	several	other	states	It	 is	widely	adapted	and	
grown	in	neighboring	countries	like	Myanmar	and	
Bangladesh32.	It	has	a	yield	potential	of	75	Quintals/
hectare.	The	grains	are	short	bold	and	the	duration	
of	the	crop	is	150	days33.
Callus induction and proliferation
	 Surface	 sterilization	 of	 the	 mature	
dehusked	grains	of	indica	rice	variety	Swarna	was	
carried	out	as	per	earlier	reports34.	Sterilized	kernels	
were	then	inoculated	into	culture	tubes	containing	
semisolid	Callus	 Induction	 (CI)	medium.	 [MS	
medium	supplemented	with	maltose	 (30	gl-1),	2,	
4-dichlorophenoxy	acetic	acid	(2,	4-D)	(2	mgl-1),	
and	solidified	with	gel-rite	(2.6	gl-1)]35	later,	cultures	
were	kept	in	dark	and	incubated	at	24	±	2ºC	for	
three	weeks.	Compact	 embryogenic	 calli	were	
excised	and	 transferred	 into	semi	solid	modified	
MS	medium	made	ready	for	bombardment.	(MS	
salts	 and	 vitamins,	Myo	 Inositol	 (100	mgl-1),	

Sorbitol,	(20	gl-1),	Mannitol	(36.4	gl-1),	maltose	(30	
gl-1),	L-proline	(500	mgl-1),	casein	hydrolysate	(300	
mgl-1),	2,4-D	(2.0	mgl-1),	and	Gelrite,	(2.6	gl-1)	with	
pH	5.8)	
Plasmid preparation
	 A	single	colony	of	E.coli	strain	pNOV2819 
(Syngenta,	USA)	carrying	the	man A	gene	coding	
for	the	enzyme	phosphomannose	isomerase	(pmi)	
was	used	for	culture	and	plasmid	attraction	as	per	
our	earlier	reports36.
transformation
	 Micro-carriers	 were	 prepared	 as	 per	
standard	 protocol	 using	 gold,	 particles	 (1µ)37.		
Plasmid	DNA	with	 the	 transformation	 vector	
pNOV2819	 is	 loaded	 onto	 the	micro	 carriers	 and	
bombarded	 on	 embryogenic	 calli	 at	 1100	 psi	
helium	pressure	using	the	particle	gun	PDC-1000/
He	system	(BIORAD)	 following	manufacturer’s	
instructions.
optimization of mannose concentration 
required for selection
	 With 	 a 	 v iew	 to 	 s tandardize 	 the	
concentration	 of	mannose	 for	 selection	 of	 the	
transformed	 calli,	 an	 experiment	was	 designed	
using	 the	 seed	germination	and	 seedling	growth	
as	the	critera	to	fix	the	ideal	concentration	using	
different	concentrations	starting	from	0.025%	to	
1.0%	with	mannose	alone	and	with	combination	
of	other	sugars	like	glucose,	sucrose	and	maltose	
(Fig.1)	
selection
	 In	 case	 of	 positive	 selection,	 after	 the	
bombardment,	 the	 embryogenic	 calli	were	 kept	
at	 dark	 for	 overnight	 in	 the	 same	medium.	The	
following	 day,	 the	 transformed	 calli	were	 sub	
cultured	 onto	 selection	medium	 supplemented	
with	mannose	@	10	g	l-.	After	15	days,	the	newly	
developing	calli	based	on	their	growth	pattern	on	
mannose	media	were	distinguished	 into	actively	
dividing	calli,	moderately	dividing	calli	and	poorly	
dividing	 calli	 and	were	 sub	 cultured	 onto	 fresh	
media	 for	 at	 least	 four	 cycles	 (Fig.2)	 and	 after	
keeping	for	four	cycles	on	selection	medium,	the	
number	of	 actively	dividing	 calli	were	 recorded	
and	transferred	into	regeneration	media.
dna extraction and PCr assay
	 Actively	 growing	 calli	 on	 the	 selection	
media	were	 selected	 and	 from	a	 half	 portion	of	
the	callus,	DNA	was	extracted	following	the	mini	
prep	method38	while,	the	second	half	of	the	callus	
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Fig. 1. Effect	of	mannose	on	seed	germination	and	growth
(A)	0.025%	mannose	 (B)	0.05%	mannose	 (C)	0.1%	mannose	 (D)	0.2%	mannose	 (E)	0.3%	mannose	 (F)	0.5%	mannose	 (G)	
1.0%	mannose	(H)	0.2%	mannose	+	2.8%	sucrose	(I)	0.5%	mannose	+	2.5%	sucrose(J)	0.2	mannose	+	2.8%	glucose(K)	0.2%	
mannose+2.8%	maltose	(L)	0%	sugar

Fig. 2. Differential	 growth	pattern	 of	 calli	 grown	on	
mannose	supplemented	media
A-	Actively	dividing	cells,	B-	moderately	dividing	cells,	C-	
poorly	dividing	cells.

was	allowed	to	grow	in	the	medium.	Incidence	of	
PMI	gene	was	 determined	by	polymerase	 chain	
reaction	(PCR)	with	the	help	of	specific	primers	
to	 give	 an	 amplification	 product	 of	 ~0.514	 kb	
size.		The	plasmid	DNA	(pNOV2819)	was	used	as	
the	 positive	 control	 and	 non-transformed	 callus	
DNA	is	taken	as	negative	control.	The	PCR	mix	
contained	 1µl	 of	 plant	DNA	 (20ng),	 0.8µl	 of	
2.5mM	dNTPs	(Fermentas),	1.0	µl	of	10X	PCR	

buffer	(10mM	Tris,	pH	8.4,	50	mM	KCl,	and	15	
mM	MgCl2;	Sigma),	0.2µl	of	Taq	DNA	Polymerase	
(5U/µl	 Sigma),	 1	 µl	 each	 of	 both	 forward	 and	
reverse	 primers	 (5	 pico	moles/µl	 Sigma)	 and	 5	
µl	of	autoclaved	sterile	distilled	water	 in	a	 total	
volume	of	10	µl.	The		amplification	was	done	in	
a	thermal	cycler	(Eppendorf	Vapo	protect)	under	
following	 conditions:	 an	 initial	 denaturation	 of	
template	DNA	at	940C	for	3	min	followed	by	35	

cycles	 of	 amplification	 i.e.,	 1	min	 denaturation	
at	940C,	10	min	primer	annealing	at	600C,	2	min	
primer	extension	at	720C	and	10	min	final	primer	
extension	at	720C.	PCR	products	were	segregated	
in	1.2	%	agarose	gel	(in	1X	TBE	electrophoresis	
buffer)	 containing	0.5	mg/ml	ethidium	bromide.	
Size	of	the	separated	PCR	products	was	examined	
by	visualizing	under	UV	light	and	recorded	by	gel	
documentation	system	(Alpha	innotech).	

results

evaluation of mannose on seedling growth
	 The	 results	 suggest	 that	 the	 growth	 of	
seedlings	was	 inhibited	 from	 0.3%	 until	 1.0%	
concentration	 of	mannose.	When	mannose	was	
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evaluated	in	combination	with	sugars,	seedling’s	
growth	was	 not	 affected	 till	 0.2-0.3%	mannose	
concentration	while	 above	 that	 concentration,	
seedling	growth	was	affected	(Fig.1).	
Molecular analysis  
	 Molecular	 analysis	was	 performed	 to	
detect	the	presence	of	PMI	gene	in	the	transformed	
calli	 through	PCR	amplification.	Using	 specific	
primers,	we	 had	 confirmed	 the	 presence	 of	 the	
gene	of	interest	as	a	514	bp		amplification	product	
which	was	visible	in	the	sample	numbers	1,	2,	3,	
5	and	6	while	no	amplification	was	detected	in	the	
remaining	samples	(Fig.3).

disCussion

	 In	this	study,	experiments	were	conducted	
to	study	the	influence	of	mannose	on	the	growth	of	
seedlings	using	various	concentrations	of	mannose	
starting	from	0.2%	in	combination	of	other	sugars,	
but	seed	germination	 is	arrested	at	1%	mannose	
concentration	and	this	concentration	was	employed	
for	the	selection.	The	selection	system	employed	
in	 the	 study	 varied	 from	other	 studies,	 as	most	
of	 the	 researchers	 have	 used	 either	 sorbitol39	 or	
sucrose40	in	addition	to	mannose	for	selection,	but	
in	doing	so,	it	is	difficult	to	determine	the	selection	
concentration	of	mannose	which	can	 restrict	 the	
growth	of	non-transformed	cells.
	 Sucrose	 in	 combination	with	mannose	
has	metabolic	advantage	where	sucrose	is	readily	
available	 in	 situations	where	mannose	 inhibits	
growth.	Hence	the	combination	of	both	these	sugars	
is	utilized	 in	 the	previous	reports41-42,	but	all	 the	

earlier	studies	focused	on	precautionary	measures	
to	enable	transgenic	cells	to	survive	on	selection	
medium	 by	 addition	 of	metabolisable	 sugars	
like	 sucrose	and	sorbitol	because	concentrations	
of	mannose	 employed	 in	 those	 studies	 totally	
depletes	 the	 orthophosphate	 and	makes	ATP	
unavailable	 for	 the	 cells	 to	 grow,	 and	 further	
growth	is	retarded.	In	our	study	we	did	not	employ	
any	 other	metabolisable	 sugars	 to	 enhance	 the	
growth	 of	 transformed	 cells	 because	 this	 could	
have	drawbacks	like	production	of	escapes,	but	we	
have	utilized	low	concentrations	(1%)	of	mannose	
alone	per	selection	and	this	system	worked	well	
as	per	 the	growth	of	callus	 is	concerned	 (Fig.2) 
and	regeneration	and	rooting	is	done	on	maltose	
media	 in	 accordance	with	 earlier	 reports.	Thus	
through	this	study	a	sugar	based	positive	selection	
can	successfully	replace	selection	using	antibiotics	
which	are	known	to	cause	environmental	problems.	
The	selection	system	used	in	this	study	is	optimal	
for	growth	of	transformed	callus	and	standardized	
for	indica	rice	cultivar	Swarna.

ConClusion

	 This	 study	holds	 significance,	 as	 it	 can	
serve	 as	 reference	 for	 the	 standardized	protocol	
while	utilizing	mannose	as	selective	agent	during	
transformation	of	indica	rice.	Specifically,	mannose	
(1%)	 without	 any	 other	 sugar	 combination	
can	 be	 effectively	 utilized	 during	 selection	
and	 regeneration	 of	 transformed	 calli	 with	
phosphomannose	 isomerase	 (PMI)	 system.	This	
positive	selection	system	is	advantageous	over	the	

Fig. 3. Amplification	of	pmi	gene	in	the	transformed	plants
M-Ladder	(1Kb),	P-Positive	control,	N-Non	transformant,	Nos	(1-16)	test	samples
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negative/antibiotic	selection	as	it	does	not	pose	any	
environmental	hazards.
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