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ABSTRACT

Plant productivity is greatly affected by enviromted stresses such as drought, salinity and
insect herbivory. Plants respond and adapt to thiessses by exhibiting physiological as well as
biochemical changes at the cellular and molecelalt in order to survive. Expression of a variety
of genes which encode numerous membrane transpbidge been demonstrated to be induced by
these stresses in a variety of plants. The nutatistatus of plants is controlled by these

transporters, which are regulated by the transoripif the corresponding genes.

In spite of these adverse stress effects on agrallyield, only a few studies have focused
on gene transcriptional and translational regulatibmembrane transporters during environmental
stress situations. Rice, like other plants, costaimumber of sucrose transporters encoded by a
family of genes. However, detailed knowledge ofrtheles, localization and regulation during

environmental stress conditions is lacking.

Bioinformatic tools were used to identify putatisis-acting regulatory elements that may
be involved in the regulation of rice aAdabidopsis thaliana sucrose transporters. The possible
cis-acting regulatory elements were predicted by scangenomic sequences 1.5 kbp upstream of
the sucrose transporter genes translational $tast sising Plant CARE, PLACE and Genomatix
Matinspector professional data bases. Sewssalcting regulatory elements that are associated
with plant development, plant hormonal regulatiod atress response were identified, and were
present in varying frequencies within the 1.5 kbp’'aegulatory region. The putatives-acting
regulatory elements that possibly are involvechmexpression and regulation of sucrose
transporter gene families in rice aAdhbidopsis thaliana during cellular development or
environmental stress conditions were identifiedfabox, RY, CAT, Pyrimidine-box, Sucrose-box,
ABRE, ARF, ERE, GARE, Me-JA, ARE, DRE, GA-motif, GA, GT-1, MYC, MYB, W-box,

and I-box.

Expression analysis was used to elucidate theofaiee (Oryza sativa L. cv Nipponbare)
sucrose transporter (OsSUT) genes during droughtsatinity treatments of three week old rice
plants ( at four leaf stage) over a 10 days. Ambedive rice OsSUT genes identified, only
OsSUT2 was observed to be progressively up-regutiteng drought and salinity treatments,
while OsSUT1, OsSUT4 and OsSUT5 were expressanhdelels, and OsSUT3 showed no
detectable transcript expression. Sucrose transpibtie essential to meet the cellular energy
demands and also for osmoprotectant activitiesadutrought and salinity stresses. It therefore

indicates that OsSUT2 which facilitates transpéduxrose from photosynthetic cells will be



essential for rice plants to cope with drought saléhity stresses, and cultivars with a higher
OsSUT2 expression should be able to tolerate thiegieonmental stresses better.

The role of OsSUT in assimilate transport duringtyyplum aphidsHysteroneura setariae;
Thomas) infestation on the leaves of three weekiotd(Orzya sativa L. cv Nipponbare) cultivar
plants, over a time-course of 1 to 10 days of tneaits, was also examined by combination of gene

expression anfl-glucuronidase@US) reporter gene analysis.

Real Time PCR analysis of the five OsSUT genesaledethat the expression of OsSUT1
was progressively up-regulated during the courspbid infestation. OsSUT2 and OsSUT4
expression were comparatively low in both the adrand treated plants. OsSUT5 showed no clear
difference in transcript expression in both con&odl treated plants, while no detectable transcript
expression of OsSUT3 could be found. The up-regulaif OsSUT1 gene was verified at protein
level by western blot analysis in both the contnadl treated plants. OsSUT1 protein expression
was found to increase with time during aphid irdéen. A similar trend was noticeable in the
control plants, however at a lower expression leUkése demonstrate that the cellular expression

of OsSUTL1is regulated by both developmental andrenmental factors.

OsSUT1-promoter:GUS reporter gene expression was observed withirvaleular
parenchyma and/or companion cells associated wittem sieve elements of the large and small
bundles in the phloem tissues of the flag leaf dladjions where feeding aphids were confined,
which progressively increased with time of infeistat It is suggested that OsSUT1 may primarily
play an essential role in phloem transport of agaiento wounded tissues from adjacent health
tissues or may be involved in the retrieval of m#lsite back into the phloem to minimize loss
caused by the infestation. Some OsSUT1-promaBS.expression was also found in the
metaxylem at 10 days after infestation, which caidphify a recovery system in which sucrose lost
into the xylem as a result of aphids feeding amgeneed back into the phloem through the vascular
parenchyma. This was supported by the exposuratands of matured OsSUT1-promot&sttS
rice plant leaf to 2% sucrose solution. OsSUT 1-grtamn: GUS expression was observed within the
protoxylem, xylem and phloem parenchyma tissues ifildicates that sucrose translocating within
the xylem tissues are retrieved into the phloentheaOsSUT1 localized within the parenchyma

tissues.

In conclusion, the differential expression and tation of rice Orzya sativa L. cv
Nipponbare) sucrose transporters as reported bggest that OsSUT2 and OsSUT1 were
constitutively expressed compared to other ricecagctransporters during drought and salinity,
and rusty plum aphid$df/steroneura setariae; Thomas) infestation stresses respectively. Tlnes, t
expression and regulation of the sucrose tranggactrild be related to the physiological and

Il



nutritional requirements of the cells during pldatelopmental or environmental stress state that

allows their differential expression.
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BRIEF CHAPTER
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CHAPTER 1.

This chapter discusses a concise but compreheliteikgure review of sucrose transporters
(SUT’s) in plants in general. The structural angressional analysis, mechanism of action,

substrate specificities and regulation of SUT saactre discussed.

CHAPTER 2:

The overall rationale and motivation for the presgady are discussed in this chapter,

followed by the hypothesis and specific objectiwésch this study seeks to actualize.

CHAPTER 3:

Discussed here is an inclusive comparative anabfsiss-acting regulatory elements
present within the 5 untranslated region (8JTR) of the sucrose transporter gene familiesae r
(Oryza sativa Japonica cultivar - group) adgtabidopsis thaliana, using available bioinformatics
tools. Thecis-acting regulatory elements were predicted by scanb500 base pairs upstream of
the translational start sites (ATG), using PlantREA PLACE and Genomatix Matinspector
professional data bases. It is assumed that theseting regulatory elements may serve as target

binding sites for functional promoters for the esg@ion and regulation of these genes.

CHAPTER 4:

Drought and salinity stresses are two major advaingatic stresses that pose a great
challenge to survive of plants, most especially m@rcial crops such as rice. In this chapter, RT-
PCR and Real- Time quantitative analyses wereezhout to determine the differential expression
of individual OsSUT genes, induced by these stiresgments on 3 week 4 leaf ridergya sativa

L. cv Nipponbare) plants.

CHAPTER 5:

Among plant insect pests, aphidietiptera, Aphidoidae) have been reported to cause

significant damage to valuable economic cerealsmgluding rice, wheat, barley and oats. This
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chapter is focused on RT-PCR and Real-Time quaéngtanalyses of the differential expression of
individual OsSUT genes, in relation to rusty plupiia (Hysteroneura setariae; Thomas)

infestation on 3 week 4 leaf ricO1(zya sativa L. cv Nipponbare) plants. Western blotting analysis
was used to confirm that the up-regulated OsSUTE getranslated into full functional protein.
Furthermorep-glucuronidase®US) gene expressional analysis was used to confirvi) the
up-regulated OsSUT1 gene expression during rusiy @lphid Hysteroneura setariae; Thomas)
infestation on 3 week, 4 leaf ricOrzya sativa L. cv Nipponbare) plants, and also to determine the

sub-cellular localization of expression during thtieess period.

CHAPTER 6:

This chapter briefly discusses future researchghatld be carried out in order to provide
further insight into the role of SUTs during envimental stress conditions, thus providing

information that may aid in general crop improveinen
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