CHAPTER 1
INTRODUCTION

Thailand is one of the world rice producers among others big sources in the
Southeast Asia such as China, India, Indonesia, Bangladesh and Vietnam. It has been
estimated that Thailand share approximately 4% of the world rice production, With
substantial export share of 30% I‘Kﬂv’ arket. Thailand has been one of the

rice exporters to all parts of the wor t 20 years. It was reported that in
1999/2000 crop Thallan@bougj9 1%&18 (9.0 million hectares) of rice
dy, yle m 15 millions Tons of milled
: lmfv;‘:Mr local consumption. The
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mechanisms that permit the plant to withstand the stress. Some of the most universal
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and close on leaves, seem largely designed to cope with the challenge. However, this

ability may not always increase the ability to plants to survive in natural system.
Conventional breeding has been used regularly for crop improvement and production
of a new variety. This process is simple in outline but complex in practice. Not only
plant-breeding programmes are long-term and expensive, They also require the

cultivation and analysis of large numbers of plants which takes both time and space.



Additionally, in some cases, the breeder has limited genetic variation for
incorporation into new varieties (Connett and Barfoot, 1992). In addition to classical
breeding approaches, recent work has used genetic transformation to introduce

various genes into plants for better tolerance to abiotic stress.

Most recent research on desiccation tolerance has focused on discovering the
mechanisms of desiccation tolerance, partly in the hopes of some day engineering
tolerance in economically important spe?ies and banishing the specter of famine from
drought (Alpert and Oliver., 2002). O,{)! /dp roach of physiological research in
dehydration tolerance has been used speciﬁces!fﬁimres or species that can withstand
severe desiccation. Mo@inent in%[his category Er_e seeds.
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Seeds develop i

ics 1) Embryogenesis;.the formation of the embryo,
during which all the ¢ g eLd..f’Z}j Seed formation, when the cells swell and
accumulate storage ins an lipiTis. Maturation, a period of drying out when the
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1.1 LEA protein

LEA (Late Embryogenic “Abundant Pr6tein) proteins fepresent one major
group' of ‘proteins that are reported to be expressed /in response fo dehydration in
desiccation tolerant plants (Close., 1997). LEA proteins comprise a large family of
plant proteins that accumulate to high levels during late stages of embryo
development (Galau et al.,, 1986). Expression studies show that LEA proteins are
generally associated with cellular dehydration in seeds and in respense to water deficit
in vegetative tissues. Treating plant tissues with the plant hormone ABA can also
induce the expression of Lea genes. A common feature of most LEA proteins is their

high hydrophillicity, which remains solubility after boiling. LEA proteins are highly



hydrophillic, it appears unlikely that they occur in specific cellular structure. Also,
their high concentrations in the cell and biased amino acid compositions suggest that
they do not function as enzymes. The randomly coiled moieties of some LEA
proteins are consistent with a role in binding water. Total desiccation is probably
lethal, and therefore such proteins could help maintain the minimum cellular water

requirement (Ingram and Bartel., 1996)

LEA protein from different plant '_species have been divided into groups based
on predicted biochemical properties and s%{ )CC similarities (Dure et al., 1989). The
strong conservation of motifs in LEA pro@olutlon points to domains with
functional constraint hag-‘c)_hse_fved. Jne such motif, which was characteristic for
group 1 LEA proteinsy(f/
four times depending hefspecies _and was first fou-nd in the wheat EM protein
(Burns et al., 1997). Gretip

al 20 amino acids motif that could be repeated up to

: ‘pro&iﬁls, also referred as dehydrins, are the most
widely studied LEA#protgins/( osc?- 1 7)_. Many homologues have been isolated
from species ranging o nospemﬁ. to dlcotyledonous and monocotyledonous
angiosperms. Dehydri dhargcterxzpa f)‘y a lysine rich 15 amino acids motif
(termed the K- segment)r t wa; p,redlct me an amphipathic a-helix, a tract of
continous serine residues and a eenserv@bnf containing the consensus sequence
DEYGNP that was lfound close fo the N"t;rrll;ﬁms of ?xe protein. Group 3 LEA

proteins were char Vi

umber -of a tandemly repeated 11-
amino acids motlf ‘Thls motif was predicted to forxﬁ an alpha helix which was
amphiphilic, having a hydrophoblc surface ( Chen and chen., 1996). In relation to
the others, LEA prdteins belonging taigroups4iand 5 were less frequently represented
in the literature. 'Grotip 4 ‘was characterized by a conserved N-terminus predicted to
form.a-helics.and a diverse.C-terminal part with'a random coil structhre. Group §
LEA 'proteins' contained miore “hydrophobic! résiduesi.than ‘groups 1 to 4 and
consequently were not soluble after boiling, leading to the suggestion that they

probably adopted a globular conformation (Phillips et al., 2002)



1.2 The HVA1 gene

The hval gene was first isolated from the aleurone layers of barley seeds as an
ABA-inducible gene. The deduced amino acid sequence from the corresponding
cDNA indicates that Aval encodes a 22 kDa protein which contains nine imperfects of
11 amino acids motif, a characteristic feature of group 3 LEA proteins. HVA1 mRNA
was rapidly induced in young seedlings ( 3 days after imbibition) by ABA and a series
of stress conditions including partlal\dr,ydratlon cold, NaCl, and heat (Sivamani et

al., 2000)

the constitutive accumulation of

Xu et al. (19@3 tr sge@ts expressing the barley hval

HVAL protein in bothglea; 'S/ of trar enic rice plants. The second
generation transgenic . ‘mto erance to water deficit and
salinity. In a secongd to spring wheat (Sivamani et al

2000). High levels o gulated by a maize ubiquitin
promoter, were observed §45f dependent transgenic wheat plants

conditions for tolerance of 'é'___
5 % I
moderate water deficit and w"ll"\ﬁétenéd' conditions; respectively. Two homozygous

and one heterozygeous-transgenic-iines-expressing-the /val gene had significantly
higher use efﬁmencgr s as comp ‘

transgenic controls under moderate water deficit conditions. The two homozygous
transgenic p ﬁn ass, root fresh and dry
weights, anﬂ HEI chamowamt trols under soil water deficit
conditio th ¢ oﬁ. f HVAI under
g BRI SA I TIVEIR Y

ressing transgenic and non-



1.3 Rice transformation

Early success in the production of transgenic rice involved electroporation and
the polyethylene glycol-mediated ( PEG-mediated ) transfer of genes. First fertile
transgenic japonica (Shimamoto et al., 1989) and indica ( Datta et al., 1990) rice
were also obtained from protoplasts by using electroporation and PEG, respectively.
The limitation of these methods wa requirement of regeneration system from
protoplasts. Although some success S\I\I ere reported. Plant regenerated from
protoplasts were often stenl!"an@ phenoty&gormal. Some of these problems
were probably related @of cells tlﬁ@een cultured for long periods.
(Hiei et al., 1997) In 19 al repow recovery of first transgenic

rice plant using particle
extensively used for ric is techniql'l'é is based on high velocity
bombardment of pl icroprojectiles (tungsten or gold)

accelerated by gun pfg pressurized helium or electric current

Some transgenic plants pr uc&‘f&}ém“ omibarded explants have been reported to
w4 A
have very high transgene copy-ﬁnmbers#%omplex integration patterns. Since
e '

clustered inserts mﬁ 1ncrease’iﬁe*riskf o and DNA rearrangements

(Repellin et al., 2001)-—TFhe-other-major-drawback-was th¢ restricted availability of
the equipment becés'é of its high cost (Chris d, 1995). Hiei et al., (1994)
reported a method for efﬁcxent production of transgemc rice plants from calli of
Jjaponica cul m ﬁ \ij ciens. Their evidence was
based on mo@ ys mﬁﬂ ‘I‘g E-r‘lf nber of transgenic plants
and the analysis of sequence of T-DNA 1dunctl:ms in rice. Rashid et al. (1996)

rporil 4 sdolshd nblidaicblof udhls hekod b Busna v of inica

rice aft%r only minor modifications. Park et al. (1996) reported transformation of rice

~

with isolated shoot apices as explant used for co-cultivation and regenerated
transgenic plants. Because of low copy integration, precise mode of T-DNA transfer
and inexpensive nature, Agrobacterium-mediated transformation has a potential to

develop into a method of choice.



1.4 Agrobacterium-mediated transfer of foreign genes into target plants

Agrobacterium tumefaciens is a soil bacterium that can genetically transform
plant cells with a segment of DNA (transfer DNA, abbreviated as T-DNA) from a
tumor-inducing plasmid (Ti plasmid) with the resultant production of a crown gall,

which is a plant tumor (Hiei et al., 1997).

Virulent Agrobacterium strai tain a very large plasmid, known as the
tumor-inducing or Ti plasmld Thes ‘l%v in size between 130 and 230 kb
in individual strains of % Non-v1ﬁobacterium strains, which are
unable to infect plants, @T i pl" mid@&% ). The T-DNA contains

two types of genes: t iG /genes, encwr enzymes involved in the
e\H enes encoding for the synthesis of opines.

synthesis of auxins and
o L7 A - ] .

These compounds result ndensation between amino acids and sugars, which

are produced and ex [ —- ; d consumed by A. tumefaciens as

carbon and nitrogen s i ¢ located the genes for the opine

to the plant cell and for t
(Riva et al., 1998).

A :

The T-DN_X ragment is flanked by 25-bp dir Jpeats which act as a cis

SS ciij -DNA transfer is mediated

element signal for thansferapp atus. T

by the co-operative actlon of proteins encodlng by genes determined in the Ti plasmid
virulence re 1 * The 30 kb virulence
(vir) region isqa lc{uﬂnez ZT gj xcbpcr nm‘Eennal for the T-DNA
trans Vir. ‘zﬁ) r efficiency (virC
and \iﬁj ﬁ \ihaﬁ ﬁeﬂ ﬁﬁaﬁﬂy the proteins

of the ver and virG genes, which together encode a two component regulatory

system with the virA protein acting as the chemoreceptor (of the phenolic
compounds) and VirG functioning as a transcriptional activator of the vir-genes after
having been phosphorylated by VirA on a critical aspartate residue (Hooykaas., 2000)
(Fig 1.1). :
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Figure 1.1 Basic s eps‘% ;ﬂe tr@ioﬁ of plant cells by A. tumefaciens

(Zupan and Zambryskl 1995y A=+ 7
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Following vir gene induction, the jil-sfer intermediate begins
with the generation of the T-strand, an single strand coﬁ;'*) of the T-DNA (Stachel et

al., 1986). ﬁﬁn% ﬁjﬁe essentlaHor this process Filichkin and Gelvin,
1993). Togethe q;-]e ence and produce an
single strand en onucleolytlc cleavage in the botgn strand of eaﬁ_l} border . These

nicks o PWOEFIER P HFVG T PR Rgion. aner

nicking,VirD2 remains tightly associated with the 5" end of the T-strand. The lone

VirD2 at the 5/ end gives the T-complex a polar character that may ensure that, in
subsequent steps, the 5’ end is the leading end. T-strand production is thought to
result from the displacement of the bottom strand of the T-DNA between the nicks
(Zupan and Zambryski., 1995).



The T-strand must travel through numerous membranes and cellular spaces
before arrival in the plant nucleus. Thus, to preserve its integrity, it was hypothesized
that the T-strand likely travels as an single strand DNA-protein complex. VirE2 is an
inducible single strand nucleic acid-binding protein encoded by the virE locus that
binds without sequence specificity. VirE2 binds tightly and cooperatively, which
means that a T-strand would be completely coated. Consequently, degradation by

nucleases will be prevented and, indeed, in vitro binding of VirE2 renders single

and extends single strand DNA\to a
transfer through membrane@is The ong with VirD2 and VirE2 are
termed the T-complw tly the Wmust exit the bacterial cell
passing through the 1 '

must then cross the pl e

strand DNA resistant to nucleolytic d tion. Finally, binding of VirE2 unfolds
# eter of 2 nm, which may facilitate

bl:anes as well as the bacterial cell wall. It
e...Once inside the plant cell, The T-
complex targets to the | crosses t.}.x'e nuclear membrane, after
which the T-strand

Zambryski., 1995).

plant chromosome (Zupan and

A number of sophi cgtﬁ}a ;:;;::'::: n vectors, designed on the basic
of this naturally occuring gene ﬁfer hanism, have been developed and such

.-""'J..-" #

vectors are w1dely~_1 employed in plﬁnt mo ecular gk)gy and in the genetic

engineering of plah *""T"i—""-.“ asmid, the gene responsible for the transfer of T-
DNA are clustered t?jether in a region k e f"jrulence region (Klee et al.,

1983). The transfer proﬂeess is active even ‘when the virulence genes and the T-DNA

are located a widely used binary
system a Tﬁx serves as aﬂelper?:’cﬁﬁ :l-llﬂu? nce functions, and an

A@lﬁb ect ea ﬁ! ther genes of
mtere ﬁzja 3 mijpeﬁnﬁ ﬁ ﬁﬁ to as a binary

vector (H1e1 et al., 1997). The use of such vectors for gene delivery to higher plants
has several advantages in addition to its convenience and efficiency; it allow the
transfer of large segments of DNA with minimal rearrangement and the integration of
small numbers of copies of genes into plant chromosome (Klee et al., 1987). Foreign
genes delivered by this method are usually transmitted to progeny plants in a

Mendelian manner (Budar et al., 1986)



1.5 Rice transformation using Agrobacterium

Tingay et al., (1997) transformaed immature barley embryo explants with
Agrobacterium tumefaciens carrying a binary vector coding for chimaeric bacterial
genes, bar and gus. From 1282 embryos, plants were recovered for 54 independently
transformed lines, giving a transformation efficiency of 4.2%. Integration of both
genes was confirmed by gel blot hybridization analysis of DNA from the transformed

plants. Both marker genes, bar and ere expressed and co-segregated in the T1

progeny plants.

week-old scutella calli : material. These were infected
with an Agrobacterium fdciens . E ,‘ g a plasmid pIG121Hm
containing genes for P-glugtronid US) and hygromycin resistance (Hng)

indispensable for successfull trans: ion. ~Transformation efficiency of Basmati

370 was 22% which was as hig d.in japonica rice and dicots. A large

Southern blot analyﬂ. re ﬁmerited and expressed in R1

progeny. Mendelian s%gregatlon was observed in some R1 progeny.
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1.6 Selectable Marker Genes

A selectable marker gene is used to recover transformants after a gene transfer
experiment. It encodes a protein that confers on transformed cells and the ability to
grow on media containing a toxic compound for untransformed cells. Transformant
will emerge from the mass of untransformed tissue because of the advantage given by
the expression of the resistance gene. The gene product of a selectable marker gene
can be a detoxifying enzyme able to d‘

1?7 the selective agent (Guerineau., 1995 ).
N /EE

n
1.7 Hygromycin phosp@ase ge

b b+
Hygromycin M '

It inhibits protein synthesi

: &

Streptomyces hygroscopicus.

d eukaryotes, interfering with
ribosomal translocation RN gnition and causing misreading of
mRNA (Zheng et al / > hpicombinati as successfully employed in the
genetic transformatio Wi

Hygromycin is a more

F Tl I
. P O, Y . « . . .
cereal crops (Galum and elg;é‘g;,:l 997). Hygromycin allows clear discrimination

S S
between transformed and non-transt ed tissues and problems with albinos or the
» A TRl

fertility of regenerﬁs have not been rep
il...-

1.8 Bialaphos Resiﬁmce-c e (bar)

: Y- ., .
Biala 1 Hﬁm mt:jpﬁ\ bj ﬁomyces hygroscopicus
It consists o jﬁép inothri gll 1 anal of L-gl ic acid, and two L-
alanine residues. Upon removal ©f these residiies b gjptidasw PPT is a potent
1

nibite | of b simbclabd G8)) T chafrbe e Blosiva roe in the

9

assimilation of ammonia and in the regulation of nitrogen metabolism in plants (Block

-

et al. 1987). It is the only enzyme that detoxifies ammonia produced during nitrate
reduction, photorespiration, and amino acid degradation in plant cells. Inhibition of
GS by PPT causes rapid accumulation of ammonia which leads to death of the plant
cell. The bialaphos resistance gene (bar) from Streptomyces hygrcscopicus which is
involved in the bialaphos biosynthesis pathway. It encodes a phosphinothricin
acetyltransferase, which acetylates the free NH, group of PPT and prevents



1"

autotoxicity in the producing organism. The bar gene has been a useful selectable
marker for obtaining transgenic monocots (Irvine and Meagher., 1996) such as corn
(Gordon-Kamm et al., 1990), oat (Somers et al., 1992), rice (Toki et al., 1992), wheat
(Vasil et al., 1992; Weeks et al.., 1993), barley (Wan et al., 1994)

1.9 Reporter gene in plants

Reporter genes are codlng se s that, upon expression in the transgenic

plant, provide a clear indicatior s ormation did take place (Galun and

Breiman, 1997). In genera gene ve the following characteristics:
1) the genetic orgamzatl e well dw-the gene products should not
be present in the orgams under ‘ e gene products should be well

characterized with reg 4) substrate dependence and
stability, and 5) the pro /reacti alyze the reporter gene product

should be stable, eas , ang quantifiable (Crazzolara et al., 1995).

1.10 Green Fluorescent

The jellyfi u. i) o] fluorescent protein (GFP) gene has
recently been shown! W - :
g'. 95). scent protein (GFP) emits bright

99 nm., with minor peak at 540

living tissue (Sheen

fluorescence (Amax= nm) upon excitation with

ultraviolet ( 2135 ﬂng ?Imiﬂ ﬂ mﬁ kDa protein consists
of 238 amin lis almost the complete
sequence (from amino acid 2 to 232) is r{ﬁulredm maintain fluotescence. (Elliott et

+ A TANTI TR AV R E
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The structure of GFP has been solved using seleniomethionyl-substituted
protein and multi-wavelength anomalous dispersion (MAD) phasing methods. The
eletron density maps produced by the MAD phasing were very clear, revealing a
dimer comprised of two quite regular-barrels with 11 strands on the out side of
cylinders. The fluorophore is highly protected, located on the central helix within a
couple of Angstroms of the geometric center of cylinder (Yang et al., 1996) (Fig 1.2).
Aequorea  GFP owes its visible absorbance and fluorescence to a p-
phore (Prasher et al, 1992). The

chromophore formation is no Ve # ed in three steps: Cyclization and
' ﬁ-GIy—W to an imidazolone ring

hydroxybenzylideneimidazolinone

after the protein is folded iidatio; of ,"'-m_ bond to residue 66 to acquire
the extended conjugated.s \ velength absorption (Palm and
Wlodawer., 1999) (Fig The flo \ ndepen ondent of cell type or location

(Urwin et al., 1999). \

number of species (Cubi 295) Wil '\ y I lar oxygen being identified as

hce have been established in

Hence the formation of the

fluorescent chromophorg is ntoca aly equires only ubiquitous cellular

ﬂ‘lJEJ’J“ﬂEJVlﬁWEJ’m‘ﬁ
Q‘mﬂﬂﬂ‘im UA1INYIAY
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Figure 1.2 Tl'\c,l overall shaf)e of the green ﬁjlorescent protein and its
association intodimer, ‘1 strands, of ‘B-shee een) formed the wall of a
cylinder. Shoﬂﬁﬂﬁmg Meiﬁﬂeﬁﬁﬁoﬁom of the ‘B-can’
and also providgcji a scaffold for the fluorophore which was near geometric center of

the car[THA folt g o wilh s ol and i piedented anew

class of Broteins. Two monomers were associated into a dimer in the crystal and in

solution at low ionic strengths. This view was directly down the two-fold axis of the

non-crystallographic symmetry ( Yang et al. 1996).
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GFP has attracted widespread interest and is considered to have several
advantages over other visual marker genes. The prime advantage of GFP as a reporter
gene is that no exogenously supplied substrate or cofactors need to supply substrates
and cofactors to produce positive signals. The detection of the commonly used
reporters, such as B-glucuronidase (GUS) (Jefferson, 1987; Jefferson et al., 1987), B-
galactosidase (LacZ) (Helmer et al., 1987; Terri et al, 1989), chloramphenicol
acetyltransferase (CAT) (Seed and Sheen., 1988), and luciferase (LUC) (Gallie et al.,
1989; Millar et al., 1992; Ow et al., 6) requires either exogenous substrates/co-
factors or antibodies. Theiriapp y

sometimes limited by problems in
ell permealization especially in

substrate uptake, leaky

multicellular organisms

RT-PCR

ﬂﬂﬂ’)?’lﬂﬂ‘iwmﬂ‘ﬁ
ammﬂmumwmaﬂ
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