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Abstract

In plant functional genomics, mutants play an important role in studying gene

functions. Rice (Oryza sativa L.) is recognized as an important model plant among

cereals because of its small genome size and the development of efficient

transformation system. T-DNA insertional mutagenesis is one of the most important

approaches of finding and cloning new genes. It is believed that the T-DNA insertions

in the genome are random, and that the insertions can be stably transmitted.

Analysis of the flanking sequences of three T-DNA/Zte insertional mutants of

Oryza sativa, cultivar Basmati 370: B-4-1 (Polyembryony; OsPE), B-2-2 and B-8-7

has been done. Sequence analysis showed that the T-DNA insertion was in the

promoter region in OsPE, in the coding sequence in B-2-2 and in the junk region of

B-8-7. PCR amplification with 950bp hpt gene amplification (used as selectable

marker during transformation) confirmed T-DNA insertions in all the three mutants

and Southern blot analysis showed that the mutant phenotype in polyembryony is due

to single copy T-DNA insertion. The present investigation aims at mapping and

cloning the candidate gene for multiple embryo formation in one of the independent

T-DNA insertional mutants.

OsPE mutant represents the first reported example of high frequency and

heritable polyembryony in rice caused by insertional mutagenesis. Polyembryony has

been described previously in several crops and cereal plants, but the underlying

genetic causes of twinning in such cases have been complex and difficult to resolve.

This homozygous and fertile polyembryonic mutant showed resistance to hygromycin

VI



and the twin/triplet seedlings at afrequency of 15-20* Multiple embryos with
independent root and shoot axis were attached to single scutellum.

Amapping population was developed by crossing OsPE with anon-Basmati
fine rice cultivar PR106 and alarge F2 was obtained. Morphological data for plant
height, number of tillers per plant and hpt gene amplification was collected for F2
population and for hpt gene tf. „56 at , dfand p< 0,5, The ^ phenotypic ^ for

polyembryony unlike hpt data did not segregate in the expected 3:1 ratio. Out of 175
F2 plants only 14 showed polyembryony (twin/triplet) phenotype. All the 14 plants
which showed polyembryonic phenotype gave PCR amplification for hpt gene as
well. This may be due to incomplete penetrance and variable expressivity in the
inheritance of polyembryonic phenotype in F2 population. Penetrance here refers to
the presence of polyembryony while expressivity as single, twin, triplet and
quadruplet embryos. The OsPE mutant was highly fertile with somatic chromosomal
number 2n= 24 and normal 12 lis at meiotic metaphase I.

Aset of 98 markers showing polymorphism between parental lines, Basmati
370 and PR106 were used in the OsPE/PRl06 mapping population for identifying
markers associated with the OsPE gene through Bulk Segregant Analysis. RM14645
(5.79cM) and RM14667 (2.17cM) markers showed linkage with OsPE gene on
chromosome 3. The mapping of OsPE on rice chromosome 3using BSA has been
further confirmed with other reverse genetic approaches including genome walking
and TAIL-PCR involving amplification of T-DNA flanking region using T-DNA and
adaptor based primers.

To carry out genome walking and TAIL-PCR, nested primers were designed
for T-DNA right and left borders. Using T-DNA right border nested primers along
with adaptor primer (Genome Walking) and arbitrary degenerate primer (TAIL-PCR),
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PCR amplification was obtained. The PCR product was purified and sequenced. The

location of OsPE gene on chromosome was determined using japonica rice cultivar

Nipponbare sequence. Sequencing with T-RB2/AP2 ( Genome Walking) and T-RB3

(TAIL-PCR) showed significant alignment with the Oryza sativa cv. Nipponbare with

only single hit at chromosome 3. The T-DNA insertion is present in the promoter

region of the candidate gene Os03g0241300. The length of the candidate gene is

2.8Kb with 2 UTRs (1473bp and 193bp), 2 Exons (154bp and 935bp), and one Intron

(81bp). To confirm the insertion on chromosome 3, primers were designed for rice

genome flanking the T-DNA borders. PCRwas done in combination with the T-DNA

(T-RB) based primers and genome-specific primers. Amplification of expected size

was obtained in polyembryonic mutant but not in Basmati 370. PCR with genome-

specific primers gave amplification in Basmati 370 and not in OsPE because of the

insertion of approximately 10Kb fragment of the T-DNA cassette. All the 14

polyembryonic hpt positive F3 progenies also showed amplification with the T-DNA

specific (T-RB1) and genome specific (PE-RB1) primers.

The protein searched corresponding to the OsPE candidate gene sequence has

been reported as a hypothetical protein (Os03g0241300) in Oryza sativa. OsPE gene

lacked functional homologs in other species. Although using KEGG search around

401 sequences orthologous to OsPE were found through out the living kingdom but

majority had low identity value (> 40%). It most closely matched with the Vitis and

Arabidopsis hypothetical and unknown proteins, respectively. No OsPE paralog was

found in rice. No conserved domains were found in the protein coded by OsPE.

Availability ofhomologs genes ofknown function, specific tissue expression patterns

and conserved domains would have supported assigning function to this novel gene,

OsPE.
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RT-PCR using reverse transcribed mRNA and primer pair designed on intron
exon junction, the expression of tWfgene was found in Basmati 370 shoots and no,
in roots. The expression profile of the candidate gene suggested by EST counts
showed maximum ESTs in seed (11/32357) followed by flower (23/136502) and
panicle (23/132789). The polyembryony is associated with seed where maxtmum
ESTs were found for the OsPE gene.

Full length OsPE gene was cloned in Basmati 370 on the basis of the
sequences obtained by genome walking and TAIL-PCR. The nucleotide sequence of
the candidate gene OsPE in japonica rice was used to design overlapping PCR
Primers and the OsPE gene was amplified ,„ Basmati 370 genomic DNA as the
template. The sequence obtained using corresponding forward and reverse primers
were aligned to determine the sequence errors and full length OsPE gene in Basmati
370 was obtained. BLAST search was done for homologous sequence in N.pponbare
** riC6' Te" SNPS (Si"8le N"*otide Polymorphism) and one gap were found
in the OsPE candidate gene sequence as compared to Nipponbare sequence thus
suggesting a total of 1% dissimilarity between the two sequences. The predicted
protein was searched and variation was found in only two amino acids. With the
minor differences in coding region the OsPE gene is expected to translate asimilar
protein in Basmati 370.

The OsPE gene BLAST alignment against rice FST database (Rice Functional

Genomics Dataabase RiceGE) showed two hits. The OsPE gene has insertion in the
promoter region whereas FST searched insertions are found to be in the coding
region. No phenotypic description or associated annotations related to these insertions
were reported.
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Identification for flanking sequences for two more independent T-DNA

insertional mutants, B-2-2 and B-8-7 was done using TAIL-PCR. The insertion in

chromosome 11 of B-2-2 is present in the gene that codes for Pectin methylesterase

(PME).

The combined use of Southern blot, BSA, genome walking, TAIL-PCR, RT-

PCR techniques and bioinformatics led to the identification of a candidate gene

controlling the multiple embryo formation in Basmati rice. A detailed molecular

characterization and mapping of the OsPE insertional mutant is available through this

study. It can thus be speculated that OsPE gene controls the number of embryos or

embryological divisions as the phenotype of the OsPE insertional mutant shows

polyembryony with no sterility. The validation of the OsPE and other candidate genes

can be done using two elementAc/Ds transposon system and RNAi approach.
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CHAPTER 1

INTRODUCTION



1. Introduction

Rice is life of over two billion children, women and men on our planet. Being the

most important cereal crop it attracted major attention in functional genomics. It has

become a model for monocot plants because of its relatively small genome size among

cereals (389Mb); ease of transformation; availability of detailed physical and dense

molecular marker maps, existence of similarities in gene sequence and gene function

among all cereals and grasses as well as its economic importance. Any understanding of

rice genome is directly applicable to other cereals. With 370Mb (95%) of complete

sequence available, assigning a function to unknown or predicted genes becomes the

major task of functional genomics (Delseny et al, 2001; Jeon et al, 2000; An et ah,

2003). Knockout or gain of function by a gene by insertional mutagenesis using T-DNA

or transposon with"single copyinsertion" is of great value to address its function through

the mutant phenotype (Jeong et al, 2006; Itoh et al, 2007).

The relationship of the genetic mechanisms regulating the development and

function of polyembryony in plants is largely unknown. It may be due to unique set of

genes and mechanisms that regulate polyembryony. Although polyembryony is wide

spread but, it is infrequent in higher plants. It represents a fascinating and unusual

example of embryogenesis gone awry. Polyembryony has been described in several crop

and cereal plants, but the underlying genetic causes of twining in such cases have been

difficult to resolve. The recovery of polyembryony in insertional mutant may prove to be

a useful tool for understanding and developing apomictic seed production in rice hybrids.



In addition it will provide a powerful strategy for understanding the genetic mechanisms

underlying plant embryo development.

Apomictically produced plants are genetically identical to the female parent.

Therefore, if apomixis can be introduced in crop plants it would provide an inexpensive

way toperpetuate a given genotype and maintenance of heterosis through successive seed

generations. Apomixis would also simplify commercial hybrid seed production because

isolation would not be necessary to produce Fi or maintain and multiply parental lines.

Apomixis was once regarded as an evolutionary dead end because the meiotic

segregation and recombination on the female side is eliminated. However, now it is being

regarded as a potential powerful genetic tool for use incrop improvement. Inspired by the

potential benefits of apomictic reproduction, plant breeders are making serious attempts

to introduce this trait into crop plants (Khush et al, 1994).

Due to enormous potential economic and social benefits of apomixis for plant

breeding and seed production various attempts were undertaken to transfer genes

conferring apomixis from natural apomicts into their sexual relatives (Naumova, 1997).

However, apomictic maize lines have not yet been obtained (Savidan, 2001). Some ofthe

most extensive attempts to introgress apomixis into Pennisetum glaucum have been

carried out with the tertiary gene pool relatives of pearl millet (Dujardin and Hanna,

1989).

A rice polyembryonic seedling mutant (Ximei et al, 2006) has been isolated in

the M2 generation of IR36-4-4X rice following 25 KeV-N ion beam treatment. Another

example of polyembryony in rice has been reported in APIV by Lu and Liu (2002) in

which genetic difference for the structure of embryo sac was found in a single panicle.
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Fertilization and development of the poly egg apparatus resulted in polyembryony in

APIV. No genetic mechanism for multiple embryo formation has been described.

Apomixis, asexual reproduction of seeds can revolutionize agriculture if its genetic basis

can be elucidated. However, the genetic control ofnatural apomixis has remained obscure

until quite recently, owing to all the complications of Mendelian genetics, such as

epistatic gene interactions, components that are expressed sporophytically and

gametophytically, expression modifiers, polyploidy, aneuploidy, segregation distortion,

suppressed recombination, etc. that seem to have accumulated during the evolution of

apomixis (Ozias-Akins and van Dijk, 2007).

Insertional mutagenesis has provided a more rapid and direct way to clone a gene.

As the sequence of the T-DNA inserted element is known, the gene into which it is

inserted can be recovered by means of genome walking, TAIL-PCR, iPCR approaches.

Thus, both forward and reverse genetics approaches can be used to identify gene function

in mutants. Chengkun et al (2007) reported an efficient procedure to construct an

indexed and region specific insertional mutant library of rice. The procedure makes use

of efficient long PCR based high throughput indexing coupled with a random but

anchored population of Ds transposants. Latest gene constructs by Upadhyaya et al

(2006) are the most suited for producing single copy insertions. Use of such T-

DNA/Ds/7asl7 lines will allow individual groups to concentrate on particular

chromosomes or regions within the chromosomes and perform localized insertional

mutagenesis.

The genome sequencing of rice has facilitated large scale analysis of gene

functions. Mutants for functional genomics studies have been produced by several



groups. To provide easy access to such resources, The Rice Annotation Project Database

(RAP-DB) has integrated the mutant information created by ten independent groups

compiled under SALK Database. All the flanking sequences that were generated by

Tosll, T-DNA and Ds insertions were compared with the rice genome sequence and the

positions of genes disrupted by different methods were simultaneously displayed in the

RAP-DB update 2008. In order to facilitate functional analysis of rice genes around

141,254 FSTs are available with T-DNA; 46,083 from T-DNA with enhancers (Nobuta et

al, 2007; Hsing et al, 2007), 13,309 with Ac/Ds,Spm/dSpm (Kumar et al, 2005) and

17,937 FSTs with Tosll (Miyao et al, 2003, 2007).

There is an urgent need for collaboration in building tools and resources,

especially for assembling a set of lines with mutations in all the predicted 40,000 genes

together with integrated databases containing all the relevant information about each

gene. Towards this goal, an International Rice Functional Genomics Consortium

(IRFGC) has been formed to provide a much needed platform for information and

resource sharing.

Finally, although rice is an important food crop in its own right, it is also a model

for other cereals. Discoveries in rice can be applied to other cereals such as maize, wheat

and barley. With sequencing project nearly completed in maize and taken up in wheat,

the functional genomics findings in rice will assist gene discovery and breeding in other

cereals using the power of comparative genomics (Upadhyaya, 2007).

In this study polyembryonic mutant (OsPE) represents the first reported example

of high frequency and heritable polyembryony in rice caused by insertional mutagenesis.

Keeping the above information in mind, the present investigation is aimed for



characterization of T-DNA insertional mutants in Basmati 370 (Dhaliwal et al, 2001)

>

and molecular mapping and cloning of OsPE mutant with the following objectives:

1. Phenotypic screening of insertional mutants.

2. To confirm insertion in selected mutants.

3. To analyse the copy number.

4. To map OsPE locus using BSA approach.

4-
5. To identify and characterize T-DNA flanking gene in Basmati 370.

6. Homolog search using FSTs and other rice databases.

7. Expression of OsPE gene by RT-PCR.

8. To clone OsPE gene in Basmati 370.

>
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2. Review of Literature

Insertional mutagenesis is one of the most useful methods of reverse genetics for

analyzing gene function. When foreign DNA is inserted into a gene, it not only creates a

mutation but also tags the affected gene, facilitating its isolation and characterization

(Azpirez-Leehan and Feldmann, 1997). Hybrid breeding for exploiting heterosis is

expected to overcome the existing yield barriers in cereals including rice (Khush, 1994).

The recovery of a multiple seedlings insertional mutant due to polyembryony may prove

to be a useful tool for understanding and developing apomictic seed production in rice

hybrids.

The relevant literature on the present study has been reviewed under the following heads.

1. Rice as staple food and a model crop

2. Basmati rice

3. Polyembryony and its types

4. Polyembryonic mutants

5. Apomixis

6. Mapping strategy

7. Insertional mutagenesis in Rice

8. Agrobacterium- mediated gene transformation

9. Screening of T-DNA insertional mutants

10. Pectin methylesterase



2.1 Rice as staple food and a model crop

Rice remains the most important staple food on the planet since it feeds roughly

half the population on adaily basis. Approximately 750 million of the world's poorest

people depend on it for survival. According to FAO, the global rice requirement in 2025

will be of the order of 800 million tonnes. At the moment, the production is less than 600

million tonnes. It is predicted that world will need an additional 50 million tonnes of rice

annually from 2006-2015 (about 9% of the current production) to meet the expected

requirement. Rice occupies apivotal role in indian agriculture. It is the staple food for

more than 70 percent Indians, and a source of livelihood for 120-150 million rural

households. In India rice is cultivated round the year in one or other part of the country,

in diverse ecological situations over 44 million hectare with a production of around 91

million tonnes in 2006-2007 (Rice Today, IRRI 2006), representing the largest area and

the second highest production in the world. At the current rate of population growth of

1.5 percent, rice requirement by 2020 would be around 110 million tonnes. Therefore, a

three pronged strategy will have to be promoted for ensuring the security of adequate rice

availability; enhancement of productivity, profitability and sustainability of rice yield.

The use of new technologies including biotechnology and genetic engineering becomes
important in this context.

Rice is a model plant among cereal crops because of its small genome size,

efficient plant transformation, construction of physical maps, large-scale analysis of

expressed sequence tags (ESTs), and extensive synteny shared with other cereals,

availability of large number of FSTs and economic importance. Completion of the

genome sequence of rice has provided new reverse genetics tools for assigning function



to genome sequences (Kumar and Hirochika, 2001; Feng etal, 2002; Sasaki, 2003; Yu et

al, 2005).

2.2 Basmati Rice

Basmati, the unique aromatic quality rice isa nature's gift to indian sub-continent.

Basmati rice is known to have originated in undivided India and Pakistan Punjab.

Epicureans acclaimed its delightful fragrance, taste and texture which makes it the best

among the aromatic rice of the world. Typically the delicately curved, long grained,

highly aromatic rice which elongate and cook soft and fluffy were the ones which were

categorized as Basmati and enjoy privileged treatment both in domestic and international

markets commanding three times higher price. In the export markets still the traditional

tall Basmati varieties, Taroari Basmati followed by Basmati 370 and Type3 (Dehraduni)

have maintained supremacy over other varieties due to their exclusive quality features.

Basmati cultivation is confined to northwest indian states- Punjab, Haryana,

Uttarakhand and western Uttar Pradesh and to a limited area in Hiamchal Pradesh,

Jammu & Kashmir, Delhi and Rajasthan. Among the four Basmati producing states about

35% of total Basmati area is in Haryana, 17% in Uttarakhand, 3-4% and 6-8% of total

rice area in Uttar Pradesh and Punjab, respectively (Rani, 2005).

Basmati 370 released in 1933 by the Rice Experimental Station Kala Shah Kaku

(now in Pakistan) is the oldest documented Basmati rice variety. Basmati 370 is

photoperiod sensitive and flowers in the first week of October and matures in the first

week of November. Basmati 370 possesses long slender clear translucent grains with

strong pleasant aroma. Cooked rice is almost of double the length of uncooked raw



milled rice, non sticky, moist and tender to eat with excellent payability. Average yield
of Basmati 370 is about 12 qt ofpaddy per acre.

The most important thrust areas in Basmati rice are the multiple crosses
involving traditional Basmati types to develop better Basmati genotypes, development of
hybrids in Basmati, marker assisted selection to combine Basmati grain with sdl
dwarfing gene, photoperiod insensitivity, bacterial blight resistance and desirable

amylose content (Singh et al, 2001; Sanchez et al, 2000; Jena et al, 2005; Sharma et al,
2005(a); Singh et al, 2007; Cheema et al, 2007; Khush and Singh, 2007).

2.3 Polyembryony and its types

Polyembryony has been defined as the occurrence of more than one embryo in a
seed. However the additional embryos do not always mature. Therefore, if mature seeds

are taken into account the percentage of polyembryony in aspecies would be far less than

its actual frequency. Therefore, polyembryony includes all the actual occurrence of two
or more proembryos or embryos in adeveloping ovule. Except for afew taxa (Citrus,
Mangifera), polyembryony occurs only as an abnormal feature. About 244 species from
140 genera belonging to 59 angiosperm families are reported to exhibit polyembryony.
Polyembryony in angiosperms may arise by:

2.3.1 Cleavage of proembryo

Cleavage and proliferation of zygote or its derivatives leading to the
establishment of separate embryonal primordial is widespread among gymnosperms. In
angiosperms this feature is less frequent. Among angiosperms cleavage polyembryony is



quite common in orchids. In Eulophia epidendraea, Swamy (1943) recorded three

different modes of supernumerary embryo formation:

1. The zygote divides irregularly to form a mass of cells of which those lying toward

the chalazal end grow simultaneously and give rise to many embryos.

2. The proembryo forms small buds or outgrowths which may themselves function

as embryos.

3. The filamentous embryo becomes branched, and each branch forms an embryo.

While cleavage polyembryony arising during seed development is known in

many orchids, the formation of plural embryos during seed germination is known

only in Vanda. (Rao, 1965). Suspensor polyembryony is a common feature in the

genus Exocarpus. As many as six embryos may develop simultaneously in an ovule

by the proliferation of the suspensor cells. Eventually, however, only one of them

takes the lead and reaches maturity. Rarely, two germinable embryos may be formed

in a seed.

2.3.2 Formation of embryos by cells of the embryo sac other than the egg

In this category the most common source of additional embryo is the synergid.

Depending on whether it arises from fertilized synergid or unfertilized synergid, the

embryo may be diploid or haploid. In Aristolochia bracteata, Poa alpine and

Sagittaria graminea besides the egg and the polars, one or both the synergids may get

fertilized. This can be brought about either by the entry of more than one pollen tube

into the embryo sac or by the presence of additional sperms in the same pollen tube.

In this situation the zygotic as well as the synergid embryos are diploid. Embryos
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arising from unfertilized synergids are known in Argemone mexicana and Phaseolus

vulgaris. Formation of embryos from antipodals is rather rare. It has been observed in

Paspalum scrobiculatum, Ulmas americana and U. glabra. The antipodal cells may

divide a few times to form proembryo- like structures. However, they fail to grow

into an adult embryo and there is no report of antipodals forming germinable

embryos. Most of the reports concerning endosperm cells forming embryos are

doubtful. However, Bracheria setigera, an apomictic species, is the only example

where endosperm has been reported to produce triploid embryos and seedlings

(Muniyamma, 1978).

2.3.3 Development of more than one embryo sac within the same ovule

Multiple embryo sacs in an ovule may arise from

1. Derivatives of the same megaspore mother cell,

2. Derivatives of two or more megaspore mother cells, or

3. Nucellar cells.

Formation of twin embryo sacs within an ovule is known in Casuarina

equisetifolia, Citrus and Poa pratensis. In Pennisetum ciliare 22 percent seeds

contain twin embryos. The normal embryo sac develops only up to the 4- nucleate

stage, and the multiple embryos are formed by aposporous embryo sacs. The

members of the family Loranthaceae lack a conventional ovule. Numerous embryo

sacs develop concurrently in the same ovary and their tips, carrying the egg

apparatus; grow up to various heights in the style. After fertilization, the embryos

grow downward and enter the composite endosperm in the ovarian cavity. All



embryos but one collapse during seed development, resulting in monoembryonate

seeds. Occasionally however, two or more embryos may mature. In Scurrula

pulverulenta about 2 percent seeds are polyembryonate (Bhojwani, 1968). In such

seeds there are either two fully developed green embryos, or there are more then two

embryos, of which only one is well developed, and the other under-developed and

non- green. The only exception in this family is Struthanthus vulgaris which has only

one embryo sac and thus does not exhibit polyembryony.

2.3.4 Activation of some sporophytic cells of the ovule

The embryos arising from the maternal sporophytic tissues (outside the

embryo sac) are called adventive embryos. The only maternal tissues which are

known to form adventive embryos are the nucellus and the integuments. Besides the

more popular examples of Citrus and Mangifera, nucellar polyembryony occurs in

Opuntia dillenii and Trillium undulatum. Some species of Citrus are

monoembryonate (C. grandis, C. limon) while others are polyembryonate (C.

microcarpa, C. reticulate). Seeds with as many as 40 embryos have been reported in

C. unshiu. In polyembryonate species the adventive embryos arise by the proliferation

of the nucellar cells. With rare exceptions (Trillium undulatum) nucellar embryos

arise from the micropylar half of the nucellus. In Mangifera the nucellar cells

destined to form adventive embryos can be distinguished from other cells of the

nucellus by their dense cytoplasm and starchy contents. The adventive embryos do

not show synchronous development. A single seed may show embryos at various

stages of development.
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2.4 Polyembryonic mutants

2.4.1 Rice

A polyembryonic seedling mutant (Ximei et al, 2006) has been isolated in the

M2 generation of the IR36-4-4X rice following 25 KeV-N ion beam treatment. The

major agronomic properties and the polyembryonic seedling frequency of the mutant

line (named IR 36-Shuang) were investigated from 2003 to 2005. The plant height,

the panicle length and 1000 grain weight of IR36- Shuang were lower than those of

its control by 35.41%, 5.06% and 15.72%, respectively. Moreover the seed setting

percentage decreased by 12.39% compared with that in normal IR36-4X plants. The

average percent of the polyembryonic seedlings in the IR36-Shuang line was

significantly higher than that in the control, IR36-X with an average of 13.24 %. The

process of embryogenesis of IR36-Shuang was generally identical with that of the

normal rice. However, a certain rate of additional embryo-like structure could be

found in the embryo sacs of IR36-Shuang. The additional embryo in IR36-Shuang

might arise from the double set of embryo sacs in a single ovary, antipodal cells or

endosperm cells. Evidence from the embryological studies confirms that the

additional embryos were derived from cells that may not involve the events of

fertilization that defines sexual embryo development. Recent study has indicated that

apomixis is genetically controlled and it is likely that many of the genes controlling

sexual development are also responsible for the induction of apomixes (Spillane,

2001).

A spontaneous mutant, polyembryonic rice APIV, was found in which there were

more than one egg cells in the embryo sac, in some florets (Mu et al, 1998). The
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number of egg cells were different among different embryo sacs, in some florets. In

this poly egg apparatus embryo sac, three eggs were in majority. Besides the poly egg

apparatus embryo sacs, a new variant embryo sac referred to as 'double set of embryo

sac', was also found in APIV. The egg cells were far from micropylar end in the

'double set of embryo sac'. According to genetic analysis, gametophytic genotypes,

rather than sporophytic ones probably controlled the production of polyeggs. Genetic

polymorphism for the structure of embryo sac was found in a single panicle of APIV.

Fertilization and development of the poly egg apparatus resulted in polyembryony in

APIV.

2.4.2 Arabidopsis

Embryo-defective mutant of Arabidopsis exhibits frequent polyembryony

following embryogenic transformation of the suspensor (Daniel and David, 1994).

Supernumerary embryos of twin mutant arise through a novel mechanism,

transformation of cells within the suspensor, a differentiated structure established

early in embryogenesis. Transformed suspensor cells appear to duplicate the patterns

of cell division and developmental pathways characteristic of zygotic embryogenesis.

The polyembryonic mutant embryos exhibit a number of developmental defects,

including irregular patterns of cell division and abnormal morphology.

The TWIN locus therefore, appears to be required for normal development of

the embryo proper as well as suppression of embryogenic potential in the suspensor.

The development of viable embryos in twin demonstrates that cells of the Arabidopsis
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suspensor can successfully establish embryonic polarity and complete the full

spectrum of developmental programmes normally restricted to the embryo proper.

The twin phenotype indicates that disruption of a single genetic locus can

result in the conversion of asingle terminally differentiated cell type to an embryonic
state.

Another twn2 mutant of Arabidopsis exhibited an early defect in

embryogenesis in which the apical growth of the zygote was arrested after one or two

divisions (Zhang and Somerville, 1997). The basal cell that normally gave rise to the

suspensor proliferated abnormally and gave rise to multiple embryos. The twn2-l

mutation, which is the only known allele, was caused by a T-DNA insertion in the 5'

untranslated region ofaputative valyl-tRNA synthetase gene, ra/RS.

The insertion causes reduced transcription of the ra/RS gene reproductive

tissues and developing seeds. Expression analysis suggested that enhancer elements

in the first two introns interact with the border of the T-DNA to cause the altered

pattern of expression of the va/RS gene in the twn2 mutant. The polyembryonic

phenotype resulted from arrested development of the apical cells, followed by

abnormal proliferation of the basal cells to produce secondary embryos.

2.5 Apomixis

Apomixis or asexual reproduction through seeds refers to a method of

reproduction in which the embryo develops from an unfertilized egg and results in a

progeny genetically identical to the mother plant. Apomixis may be obligate or
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facultative, depending on whether seed production is entirely asexual or in part

sexual. (Richards, 1986; Bashaw and Hanna, 1990).

2.5.1 Inheritance of apomixis in Gramineae

2.5.1.1 Brachiaria

Both sexual diploid and apomictic tetraploid cytotypes exist in Brachiaria

brizantha. Rare sexual diploid accessions of B. brizantha were used for chromosome

doubling by in vitro techniques for genetic studies with tetraploid apomicts (Pinheiro

et al, 2000). None of the induced tetraploids showed any evidence of aposporous

embryo sac formation (Araujo et al, 2005). Molecular mapping of apomixis has not

been as extensive in Brachiaria as in some other grass species. The approach used

included crosses between induced 4X sexual B.ruziziensis and apomictic 4X B.

brizantha (Pessino et al, 2001). Using probes mapped as RFLPs on maize and rice

plus anonymous AFLP markers, apomixis was found to be linked with 2 of 46 AFLP

markers plus 4 maize, 2 rice and 1 oat marker (Pessino et al, 1998). Maize markers

showed synteny with maize chromosome 5 and rice chromosome 2

(www.gramene.org). The recent focus then shifted from mapping of the trait to

analysis of gene expression. From 39 primer combinations that amplified 2500

fragments, 31 were indicative of differential expression and two were confirmed to be

specific to the apomictic plants in amplified cDNA. Neither of these two fragments

however showed segregation in the mapping population and thus linkage with mode

of reproduction could not be determined. (Leblanc et al, 1995; Rodrigues et al,

2003)
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2.5.1.2 Panicum

In Panicum mapping approach was used (Ebina et al, 2005). Apomixis co-

segregated with 9 AFLP markers at 1.4cM but when same cluster of markers applied

to Pennisetum, Cenchrus and Paspalum, it suggested that gene(s) for apomixis reside

in chromosomal region where recombination is low. Gene expression in apomictic

Panicum ovules has also been studied (Chen et al, 2005; Chen et al, 1999).

2.5.1.3 Paspalum

In Paspalum tetraploid cytotypes are apomictic whereas diploid cytotypes are

sexual. A segregation ratio of 1 apomictic to 2.8 sexuals observed in P. notatum

(Martinez et al, 2001) does not clearly fit any model of inheritance where apomixis is

dominant. Furthermore, many markers in this group (7AFLPs, 2RAPDs, and 2RFLPs

out of 19) did not recombine with the trait, indicating a suppression of recombination

in the region of the genome that controls apospory (Martinez et al, 2003; Stein et al,

2004). The suppression of recombination may be due to a chromosomal

rearrangement.

Molecular genetic analysis in Paspalum simplex indicated that the apomixis

controlling locus (ACL) was syntenic with a portion of rice chromosome 12 (Pupilli

et al, 1997). The degree of synteny was similar in apomictic P. malacophyllum but

different in P. notatum, where the distal markers were replaced by markers rice

chromosome 2 (Pupilli et al, 2004), suggesting that translocation has occurred with

in the species. By extrapolating from rice data, the size of the ALC in P. notatum was

estimated to be 8-10cM in rice but in all three species of Paspalum recombination

was suppressed.
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Extensive AFLP screening has been conducted in P. simplex. FISH and BAC

clones containing the hemizygous marker resulted in the distal region of chromosome

12. Based on gene sequence discovered however, numerous rearrangements due to

transposable element insertions or deletions led to the conclusion that the apomixis-

associated genes probably lacked coding capacity.

2.5.1.4 Pennisetum

The genus Pennisetum contains the sexual diploid forage and grain crop, pearl

millet (P. glaucum), the sexual tetraploid biomass crop (P. purpureum) and a large

number of apomictic tertiary gene pool species, some of which are grown as

ornamental crops. One apomictic relative P. ciliare is also known as Cenchrus

ciliaris. Some of the most extensive attempts to introgress apomixis into a crop

species have been carried out with tertiary gene pool relatives of pearl millet. The

crossing data led to the conclusion that apomixis is dominant, inherited and

heterozygous (Dujardin and Hanna, 1989). To map the trait of apomixis, RFLPs or

SCARs (Sequence characterized Amplified Regions) developed from sequenced

RAPD markers were identified in apomictic parent (Ozias-Akins et al, 1998; Ozias-

Akins et al, 1993). Mapping with these targeted markers showed that none of them

recombined with apomixis out of a population of almost 400 individuals. The

cytogenetic map generated with the Pennisetum BACs showed that markers were

distributed throughout the distal region of the short arm of the ASGR (Apospory

Specific Genome Region). Carrier chromosome appears to contain an insertion or

duplication that results in a measurable difference in size when compared with its

homologous or homeologous partners (Akiyama et al, 2004; Akiyama et al, 2006).
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The search for genes differentially expressed between ovaries from sexual and

apomictic plants of C. ciliaris has yielded two genes (Pca21) and (Pca24).

Transcripts from both could be detected by northern blot analysis of ovary tissue

much more abundantly in apomicts then sexuals (Pca21) or exclusively in apomicts

(Pca24). In-situ hybridization also demonstrated expression ofboth genes in embryo

sacs. Preliminary linkage analysis indicated that neither gene was located in the

ASGR.

2.5.1.5 Poa

The apomixis associated trait of parthenogenesis rather than unreduced

embryo sac formation, has most frequently been mapped in Poa. Parthenogenetic and

non parthenogenetic bulks allowed the identification of AFLP and RAPD markers

that appeared to be linked to the trait (Barcaccia et al, 2007). Parthenogenesis is only

a part of the apomixis process and may be linked or unlinked with reduced embryo

sac development. A complex genetic model for mode of reproduction was proposed

and tested in Poa (Matzk et al, 2004) using the Flow cytometric and seed screen

(FCSS) (Matzk et al, 2000). Four gene models that included apospory initiator (Ait)

gene and apospory preventer (Apr) gene as well as parthenogenesis initiator (Pit) and

parthenogenesis preventer (Ppv) genes. It was concluded that incomplete penetrance

of Ait was responsible for the erroneous classification. A fifth gene that affected

megaspore development (Mdv) was postulated to account for significant female

sterility in such plants. Albertini et al. (2001) concluded that apospory and

parthenogenesis were linked. Further gene expression pattern was examined in detail

in sexual, apomictic and recombinant genotypes (Albertini et al, 2005). None
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displayed expression confined to either the apomictic or sexual genotype rather than

expression patterns were differentially modulated in each mode of reproduction.

2.5.1.6 Tripsacum

Tripsacum dactyloides is diplosporous and form eight nucleate embryo sac

from MMCs that either do not enter meiosis or exit meiosis through first division

restitution. The heterochronic exit from meiosis is proposed to be a key feature of

diplospory that distinguishes it from apospory, where a change in non-sporogenic

nucellar cell fate occurs (Gramanelli et al, 2003). Inheritance of apomeiosis in

Tripsacum is consistent with the segregation of a single gene. Gramanelli et al.

(1998) showed that syntenic chromosomal regions of diploid sexual Tripsacum and

maize displayed much more recombination among molecular markers than the same

region in tetraploid apomictic Tripsacum. Six of the 25 RFLP probes distributed

across the genome identified markers significantly linked with fertility on 6 linkage

groups. One of these linkage groups was Tripsacum (Trl6) which is syntenic with

maize chromosome 6.

2.5.2 Genetic control of Apomixis

The independent control of apomeiosis and parthenogenesis is confirmed in

several species e.g. in Allium, Poa, Erigreron, Taraxacum, Hieracium, Hypericum

and Potentilla. Whether apomixis is indeed under genetic control has been questioned

by Carman's duplicate-gene asynchrony hypothesis (Carman 1997), which implies

epigenetic rather than genetic control and requires a genome duplication event

through either polyploidization or paleopolyploidization. The relationship between
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gametophytic apomixis and polyploidy is striking. Heritable epigenetic changes are

based on covalent modifications of nucleotides such as methylation and chromatid

remodeling are known to play arole in autonomous endosperm development (Lohe
and Chaudhary 2002).

Apomixis is a developmentally complex trait as reflected in its genetics.

Several genetic complications seem to be accumulated in explaining inheritance of

apomixis. Epistatic gene interactions, components that are expressed sporophytically

and gametophytically, expression modifiers, polyploidy, segregation distortion and

suppressed recombination. Despite additional complications such as low pollen

fertility, interspecific crosses, and genome instability that occur in some species, a

large number of informative genetic studies have been conducted. In general
apomixis genes are usually dominant (Ozias-Akins et al, 2007).

The use of genetic markers and new phenotyping methods have been

instrumental in unravelling the genetics of apomixis. Genes that influence the

penetrance of apomixis have not yet been genetically characterized. Comparative

sequencing of apomixis-specific chromosomal region and their sexual homologs may

help guide apomixis gene identification. Once apomixis controlling sequences have

been identified, the task of introducing them into sexual genotypes while retaining
function will be a technological challenge for the future.

2.6Molecular Mapping

The construction of saturated linkage maps in rice have made it possible to

map and tag genes of economic importance with molecular markers (Mohan et al,
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1997; Kumar, 1999). Most of the initial gene annotations have been done using map

based cloning. However not many reports are there for T-DNA insertion

chromosomal location using BSA.

2.6.1 Molecular markers

The DNA sequence that frequently varies in length between individuals of a

species, which can be seen after cleavage by a restriction enzyme or in vitro DNA

amplification by polymerase chain reaction. Molecular genetic markers exhibit simple

Mendelian inheritance making it convenient to employ them in mapping genome and

tagging genes of importance.

Molecular markers are scored as the presence or absence of a DNA fragment.

It represents only one allele at a given locus and therefore cannot distinguish the

heterozygotes from homozygotes, whereas co-dominant markers are scored by

detecting the alternate fragment of the marker allele making it possible to distinguish

heterozygotes from homozygotes. Molecular genetic markers have several advantages

as compared to the biochemical and morphological markers such as high abundance,

high degree of polymorphism, co-dominant nature in most of the cases, no pleiotropic

effect, and independent of the environment and phenology of the crop and thus are

useful for precision plant breeding (Melchinger, 1990). The analysis of DNA

sequence variation is of major importance in genetic studies and molecular markers

are a useful tool for assaying genetic variation (Balyan et al, 2005; Lakshmi et al,

2002). A variety of molecular genetic markers, including restriction fragment length

polymorphism (RFLPs); random amplification of polymorphic DNAs (RAPDs)
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(Singh et al, 2006 a); amplified fragment length polymorphisms (AFLPs) (Prashanth

et al, 2002) and microsatellites or simple sequence repeats (SSRs) have been

developed in different crop plants (Philips and Vasil, 2001; Varshney et al, 2004;

Sharma et al, 2005(b); Hossain et al, 2004; Kalavacharla et al, 2006; Kumar et al,

2007). Among these, SSR markers are more useful for a variety of applications in
plant breeding.

2.6.2 Microsatellites or SSRs and molecular map ofrice

SSRs are usually 1-6 bp long and embedded in DNA with unique sequences.

Therefore, SSRs can be amplified in vitro using the polymerase chain reaction with

primers developed according to the flanking region of the locus. The resulting PCR

product possesses electrophoretic mobility that differs according to the number of

repeated DNA units in the SSR allele(s) present. SSR markers are useful for avariety

of application in plant breeding and genetics because of their reproducibility, multi

allelic nature, co-dominant inheritance, relative abundance and dense genome

coverage. Microsatellite markers are one ofthe most widely used DNA markers for

mapping and tagging of genes controlling important agronomic traits (Roder et al,

1998). SSR markers have been extensively used for developing comprehensive

linkage map in rice. Molecular maps are important to know the location of genes

corresponding to phenotypical traits and their usefulness (Singh et al, 2006 (b); Zhu

et al, 2005). The first molecular genetic map of rice was developed at Cornell

University by McCouch et al. (1988) and an RFLP map by Saito et al. (1991). In rice

around 2240 microsatellite marker (SSR) loci were developed and experimentally

23



validated by McCouch et al. (2002), in addition to the previously mapped 500 SSR

markers (Panaud et al, 1995; Cho et al, 2000; Temnykh et al, 2000, 2001 and Chen

et al, 2002, 2007). Recent advances in the construction of saturated linkage maps in

rice have made it possible to map and tag genes of economic importance with

molecular markers.

2.6.3 Bulk Segregant Analysis (BSA)

Michelmore et al. (1991) described BSA for identifying markers linked to the

target gene or genomic region. BSA is rapid procedure to identify markers in specific

regions of the genome. The method involved comparing two pooled DNA samples of

the individuals from a segregating population originating from a single cross. Within

the bulk the individuals are identical for a trait. Two such bulks contrasting for a

particular trait are analysed to identify markers that distinguish them. Markers that are

polymorphic between the pools will be genetically linked to the loci and used for

generating detailed genetic maps for several species. It has simply been done by

analyzing the segregation of randomly selected molecular markers in single

segregating population.

During the last decade different technologies such as Restriction Fragment

Length Polymorphism (RFLP), Random Amplified Polymorphic DNA (RAPD),

Sequence Tagged Sites (STS), Amplified Fragment Length Polymorphism (AFLP),

Simple Sequence Repeats (SSR) or Microsatellites have been developed and applied

to various crop species. In the last few years newer approaches such as Single

Nucleotide Polymorphism (SNP), Expressed Sequence Tags (ESTs) and Flanking
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Sequence Tags (FSTs) have been widely used for various applications. Extensive Y

efforts so far have revealed the function of only a handful of rice genes and most of

these have been identified through laborious map based cloning.

2.7 Insertional mutagenesis in rice

Rice lines are being generated using several experimental approaches to randomly

tag genes by DNA insertional elements. Such a mutant population with gene knockout

and over expressions will prove to be highly useful in gene annotation based on

phenotypes. DNA elements that can insert randomly within chromosome to disrupt

gene function include the T-DNA ofAgrobacterium tumefaciens, transposons Ds, dSpm

and the Tosl7 retrotransposon (Nobuta et al, 2007; Jeong et al, 2006; An et al, 2005;

Sallaud et al, 2004; Hsing et al, 2007). So far 172,500 FSTs have been generated

(Jung et al, 2008). Using this database of FSTs 27,551 (48%) of 57,142 rice loci (given

by IRGSP and TIGR) contain insertions in the genie region or 5' untranslated regions

of rice genome.

Another type of insertional mutagenesis lead to gain of function. Such

'activated tagged' lines carry strong enhancers near one end. These tags can activate

genes within a few kilobases in chromosomal DNA. These tags can activate genes

that are located up to 10Kb away from the enhancer sequence and are independent of

the direction of transcription, resulting in increased expression of the targeted gene.

As biological data of rice continue to increase, the Rice Annotation Project

Database (RAP-DB) has supplied the most up-to-date information (Jung et al, 2008).

IRGSP has released 77,763 flanking sequence tags generated by 10 independent
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functional genomics groups (NIAS; ToslT), (CGT; Ds), (GSND; Ds), (NUS; Ds),

(UCD; £>*), (CSIRO; T-DNA), (Genoplante; T-DNA), (POSTECH; T-DNA), (RMD;

T-DNA), (TRIM; T-DNA), (Goff, 1999; Hiei et al, 1994; Shimamoto and Kyozuka,

2002; Kellogg, 2001; Londo et al, 2006; Khush, 1997; Ouyang et al, 2007; Sasaki

et al, 2002; Yuan et al, 2005; Itoh et al, 2007; Ohyanagi et al, 2006; Zhang et al,

2006; IRGSP, 2005).

These combined total of the five mutant populations listed in table 2.1 are

approximately 5,00,000 lines, with one to ten copies of mutations per line. If the

insertions were evenly distributed across the genome, this FST collection would be

predicted to the target insertion in 99% of the rice loci.

Table 2.1 Summary of rice insertional mutant resources

Mutagen
T-DNA Ac/Ds,

Spm/dSpm
T-DNA with

enhancer

FOX system Tosl7

Method Agrobacterium Agrobacterium,
crossing or
selfing

Agrobacterium Agrobacterium Tissue

culture

Copies per
line

1-2 1-7 1-2 1 5-10

Distribution Genie regions
preferred

Genie regions
highly
preferred

Genie regions
preferred

Not analysed Genie

regions
preferred

FSTs 141,254 13,309 46,083 8,225 17,937

Target site
of insertion

Genie Genie Genie or

intergenic
Full-length
cDNA

Genie

except

intron

Source: Jung et al, 2008

To provide easy access to the resource generated by above 10 groups it has

been integrated under RAP-DB. All the flanking sequences that were tagged by
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Tosll, T-DNA and Ds were compared with the rice genome so that the positions of

genes disrupted by different methods were simultaneously displayed in the RAP-DB.
These flanking sequences have been linked to the web pages of the mutant providers

(RAP-DB updates 2008).

2.8 Agrobacterium mediated gene transformation

The natural mechanism ofAgrobacterium-mediated gene transfer has been widely

utilized to genetically modify monocots and dicots (Hansen andWright, 1999; Fukuoka et
al, 2000). Agrobacterium tumefaciens is asoil-borne pathogen that has the capacity to

infect plants and transfer a segment of DNA (T-DNA) from its tumor inducing (Ti)
plasmid to the plant cell. The T-DNA then integrates into the plant nuclear genome where
the genes on the T-DNA are expressed. A. tumefaciens has awide host range although
some economically important crops remain recalcitrant (DeCleene and DeLey, 1976;

Komari and Kubo, 1999). Advances in transformation techniques have resulted in high

transformation frequencies in maize and rice ranging from 5% to 30% (Hiei et al, 1994;

Ishida et al, 1996; Zhao et al, 2001; Frame et al, 2002).

The mechanism of DNA transfer is principally, the bacterium transferring apiece

of its plasmid DNA into the plant cells infected, where it integrates into the nuclear
genome and expresses its own genes, whose products disrupt the hormonal balance
within the plant cells and induce their proliferation to form tumors. In addition, it also

produces enzymes to synthesize opines, which the bacteria can use for their own
nutrition. The T-DNA is located on alarge plasmid called Ti (tumor-inducing) plasmid,
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which also contains other functional parts for virulence (vir), conjugation (con) and the

origin of its own replication (ori). In the natural infection by wild type bacteria, the T-

DNA and the vir genes are essential for inducing plant tumors. The vir region is about 30

kb and encodes at least 10 operons (virA-virJ) whose products are vital to T-DNA

processing and transfer. Any gene located in the T-DNA region in principle can be

transferred, but they themselves are dispensable for this process. Only the 25bp direct

repeats at the right and the left borders are necessary of which 14 base pairs are

completely conserved and cluster as two separate groups. While both ends ofthe T-DNA

seem to be involved in integration, the right one appears more important with less extent

of deletion (McClean, 1998).

2.8.1 Agrobacterium-mediated gene transformation in rice

Initially, it was believed that only dicots, gymnosperms and a few monocot

species could be transformed by Agrobacterium but later achievements totally changed

this view by showing that many "recalcitrant" species not included in its natural host-

range such as monocots and fungi can now be transformed (Davey et al, 1989). Efficient

transformation of rice mediated by Agrobacterium was developed by Hiei et al. (1994)

and Rashid et al. (1996). The use of both a super-binary vector and a transformation

stimulator, such as acetosyringone during co-cultivation has led to the improvements in

transformation efficiency in rice. Hiei et al. (1994) substituted the wound response by

adding acetosyringone to the co-cultivation medium and found that the temperature (22-

28 C) during co cultivation was critical for rice transformation. Since the first production

of transgenic rice plants from both japonica (Toriyama et al, 1988; Zhang and Wu,
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1988; Zhang et al, 1997) and indica rice (Peng et al, 1992) several reports are being

made for successful plant regeneration with direct and indirect DNA delivery techniques

in rice.

Wide differences exist between the tissue culturability of indica andjaponica rice,

the former being less responsive than the later. Thus, it is important to establish

parameters for the transformation of popular indica rice varieties. Morphologically

normal, fertile transgenic plants were obtained by co-culturing embryogenic calli of the

Bangladeshi indica rice cultivars BR26 and Binni with Agrobacterium tumefaciens strain

LBA4404 carrying the super binary vector pTOK233 (Al-Forkan, 2004). Mohanty et al.

1999 reported Agrobacterium-mediated gene transformation of Pusa Basmati and Rashid

et al 1996 reported 22% transformation efficiency of Basamti 370 which was as high as

reported in japonica rice and dicots by using Agrobacterium tumefaciens strain EHA101

(pIG1121Hm).

2.9 Screening of T-DNA insertion mutants

With the completion of rice genome sequencing, attention is turning increasingly

to the identification of genes and determining their functions. Insertional mutagenesis

with transposons and Agrobacterium T-DNA has become the most widely used approach

in the reverse genetics. Several recent reports (Jeong et al, 2006; Upadhyaya et al, 2006)

describe the collection of T-DNA and transposon insertional lines in rice. The application

of insertional mutagenesis is thus an attractive approach for functional genomics that

reduces the steps needed to establish a link to a given gene and its function (Spradling et

al, 1995).
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Insertional mutagenesis in rice has become particularly attractive due to the

development ofeffective methods for amplification ofsequences adjoining the insertion.

In this way, the knock out genes can be identified in reference to the published gene

sequences. There are several strategies for recovering the unknown sequences flaking

insertions of known sequences such as T-DNA and transposons (Hui et al, 1998).

Among them Thermal Asymmetric Interlaced PCR (TAIL- PCR) (Liu et al, 1995; Liu

and Whittier, 1995), Inverse Polymerase Chain Reaction (iPCR), (Ochman et al, 1989;

Gasch etal, 1992); Plasmid rescue (Behringer and Medford, 1992; Feldmann, 1991) and

Genome Walking (Siebert et al, 1995). TAIL-PCR and Genome Walking have been used

in the present investigation and hence reviewed below.

2.9.1 Genome Walking

Identification ofunknown genomic regions can be achieved through the screening

ofthe genomic libraries using identified DNA probes (Rishi et al, 2004). The accuracy

depends on how much DNA sequence is available as probes for screening. Using the

genomic DNA of interest pools of restriction digested, adaptor ligated genomic DNA

fragments are generated which are referred to as Genome Walker libraries. After the

libraries have been constructed, it consists of two PCR amplifications per library. The

first or primary PCR uses the outer adaptor primer (API) and an outer gene specific

primer (GSP1). The primary PCR mixture is then diluted and used as a template for a

secondary or "Nested" PCR with nested adaptor primer (AP2) and nested gene specific

primer (GSP2). This generally produces a single major PCR product. Each of the DNA
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fragment which begins in aknown seance a, the end of GSP2 and extended to ,he
unknown adjacent genomic DNA can then be cloned and further analyzed.

2.9.2. TAIL-PCR

This method was developed by Liu e, al, (,995) ,„ isolate genomic sequences
flunking T-DNA insertions from transgenic lines of Arabidopsis thaliana. TAIL-PCR
utilizes aset of nested sequence specific primers together with ashorter arbitrary primer
of lower melting temperature. Annealing steps can be carried out a, different
temperatures so that both primers or alternatively, only the specific primer will function
well, interspersing high and reduced stringency cycles enables target sequences ,„ be
amplified preferentially over non- specific products (Liu e, a,., ,995). Each step of the
programme contains two basic cycles, one is amplification generated by the specific
primer a, ahigh Tm, while the other is generated through the non-specific primers a, a
low Tm. TAIL-PCR was initially used to isolate flanking sequences of T-DNA in
•ransgenes and insert ends of YAC clones (Tsugeki *al.. 1996; Liu and Whittier. 1995).
Subsequently, i, was adopted ,„ clone promoter and genomic sequences of genes (Wang
e, at. 2004; Nakazaki e, a,., 1998; Terauchi and Kahl, 2000). Because of the complexity
of some plant genomes, this method did no, always work well due to low amplification
efficiency (Michiels „ al, 2003). Some improvements were made, most of which
focused on the use of specific primers, including longer primers with higher specificity
and higher annealing temperature (Sessions «al. 2002; Terauchi and Kahl, 2000).

All the rice flanking sequence tags (FSTs) are publicly available at the Rice
Functional Genomic Express Database (RieeOE) developed by Salk institute. Knockout
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T lines in genes of interest can be identified by carrying out a simple blast search using

TIGR or NCBI locus name.

2.10 Pectin methylesterase

Pectin methylesterase EC.3.1.1.11 (PME) catalyses the de-esterification of pectin

into pectate and methanol. In plants, pectin methylesterase plays an important role in cell

wall metabolism during fruit ripening, organ abscission, senescence, pollen tube growth,

seed germination and hypocotyl elongation. PMEs are also produced by phytopathogenic

micro-organisms during plant infection and by symbiotic microorganisms during their

interaction with plants. (Micheli, 2001). The first crystal structure of a plant pectin

* methylesterase was reported by Johansson et al, (2002) in carrot. The gene encoding

pectin methylesterase has also been cloned from Erwinia chrysanthemi B374. Expression

of PME in Escherichia coli allowed the enzyme to be characterized. The structural gene

was sequenced and consists of a 1098bp open reading frame encoding a polypeptide of

39,318 Daltons, which includes an amino-terminal signal peptide.
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CHAPTER 3
-V

MATERIALS AND METHODS



3. Materials and Methods

-r 3.1 Materials

The biological and chemical materials obtained, generated and used in the

present work are mentioned in the following sections.

3.1.1 Plant materials

Three independent insertional mutants viz; B-4-1, B-2-2 and B-8-7 in the

present study were generated in superfine quality indica rice cultivar Basmati 370 by

transformation using T-DNA/Ds through Agrobacterium tumefaciens strain EHA101

containing HmRZ)5 cloned in the plasmid. These T-DNA/Ds insertional Basmati 370

transgenic lines were obtained from PAU Ludhiana (Dhaliwal et al, 2001). The

-V details of Hm Ds construct used for transformation of Basmati 370 are given in (Fig.

3.1).

SacI {NotI HO Dpn}

2' V
35SHPTII

LB NPTII {NotI HO Dpn} SpT \ ^

I- -r^ i
SacI

Fig. 3.1 Schematic representation of the HmRDs construct that was introduced into used for

Agrobacterium mediated transformation of Basmati 370. LB: Left border, RB: Right border, SPT:

streptomycin phosphotransferase , NPT: Neomycin phosphotransferase, HPT: Hygromycin

phosphotransferase. NotI, HO nuclease and Dpn/Clal methylase : Rare cutter sites within the T-DNA

and within the Ds element. Sad is the unique restriction site in the construct.
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HmRDs was made by replacing the internal Hind HI (position 1783)- Xhol

(Position 3557) fragment of Ac with a 1.6Kb 35S, hygromycin phosphotransferase

(HPT), OcS 3' fusion. The 'simple Ds' and 'HmRDu' were cloned into the binary

vector pCLD III (Dean et al, 1992) which carries the left border (LB) and right

border (RB) of the Agrobacterium T-DNA, NPT II (neomycin phosphotransferase),

selectable marker and a 35S-SPT fusion. The HmR.Ds also carried three rare cutter

sites, NotI, HO, nuclease and Dpn/Clal methylase (Weil and McClelland, 1989)

within the T-DNA and within the Ds element.

3.1.2 Generation of mapping population

Crosses were made between OsPE mutant with distantly related non-Basamti

rice cultivar PR106. The Fi plants were selfed and the 200 F2 plants were forwarded

to F4 generation through single seed descent method. These plants were grown under

containment of greenhouse at IIT Roorkee with recommended package of practices

for rice cultivation. The seedlings of mutants, Fi and subsequent generations were

screened for hygromycin resistance during germination in petriplates in water

containing 80 mg/L hygromycin.

3.1.3 Molecular Biology Kits

QIAquick gel extraction kit

TRIzol plus RNA Purification kit

RNeasy MinElute cleanup kit

Superscript™ II RT kit

Sequencing Quick Start Kit

Qiagen, Valencia, CA, USA

Invitrogen-life technologies, CA

Qiagen, Valencia, CA, USA

Invitrogen- life technologies, CA

Beckman Coulter, Fullerton, CA
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3.1.4 Enzymes

Restriction endonucleases New England Biolabs, Ipswich, MA

f

Taq DNA polymerase Bangalore Genei, Bangalore

Reverse transcript, Superscript II Invitrogen-life technologies, CA

DNAse I Promega Madison, WI, USA

T4 DNA ligase Bangalore Genei, Bangalore

*
3.1.5 Antibiotics

Hygromycin Sigma-Aldrich, St Louis, MO, USA

3.1.6 Molecular weight Markers

1Kb DNA and lOObp ladder Bangalore Genei, New England Biolabs

3.1.7 Membrane

Hybond-N GE Biosciences, Piscataway, NJ, USA

*
3.1.8 Radioisotopes

a-P32dCTP was handled in accordance to the North Dakota Radiological Health

Rules, Section 33-10-04.1-14, "Waste Disposal" North Dakota State University, ND,

USA.

3.1.9 Buffers and solutions

W
10XTBE buffer 1L

108gTris

55g Boric acid

40mlof0.5MEDTA(pH8.0)

TE buffer 10mMTris-HCl(pH8.0)

1 mM EDTA (pH8.0)

20X SSC (pH 7.0) 1L

175.3 g NaCl

,* 88.2 g Saline Sodium citrate

pH was adjusted to 7.0 and autoclaved

Denaturation buffer (For Southern) 1.5MNaCl
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0.5N NaOH

These were made from sterile 5M NaCl

and 10 N NaOH stocks respectively

Neutralization buffer (For Southern) 1.5M NaCl

1.0M Tris (pH 7.4)

These were made from sterile 5M NaCl

and 10 N NaOH stocks respectively

6XSSC

5X Denhardt's reagent

2% Cetyl Trimethyl Ammonium Bromide

(CTAB)

50mM EDTA (pH 8.0)

100mMTris-HCl(pH8.0)

4M NaCl

Autoclaved and 1% p-mercaptoethanol was

added before use

Equal quantities of Tris saturated phenol (pH 7.6)

and chloroform were mixed and stored in

amber coloured bottles.

40.8g of sodium acetate .3H2O was initially added

to 80ml water and the volume adjusted to 1L

and sterilized by autoclaving.

0.2 M MOPS (pH 7.0)

36% Formaldehyde

75% Deionized Farmamide

0.4% Bromophenol blue

0.4% Xylene cyanol FF

50% Glycerol in Distilled water

Pre-hybridization buffer

Plant genomic DNA extraction

buffer

Phenol: Chloroform

3M Sodium acetate(pH 5.2)

5X RNA gel loading buffer

10X DNA loading dye
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3.2. Methods

3.2.1 Recording of phenotypic data

Five plants from each row of parents and 200 F2 plants were scored for

following traits as per (Xiao et al, 1998).

Tiller number: As the number of tillers bearing grain filled panicles of a plant.

Plant height: Average height (cm) from the ground to the tip of the panicle excluding

the awns.

Days to heading: Number of days from date of sowing in the field until 10% of the

panicles had emerged.

In addition, data for the frequency of polyembryony was also taken for parents,

F2and subsequent generations.

3.2.2 DNA isolation

Leaf tissues for DNA isolation were collected from 5-6 week old plants from

field. DNA was isolated by CTAB method as described by (Murray and Thompson

1980). Approximately 5g of leaf tissues were frozen in liquid nitrogen, ground with a

mortar and pestle, and transferred to 30ml polypropylene tubes. 1% of (3-

Mercaptoethenol was added to the extraction buffer. Extraction buffer (10-15ml)

preheated to 60°C was added to frozen tissues, mixed to form slurry and incubated at

60°C for 45min. Equal volume of 25:24:1 solution of Phenol:chloroform:isoamyl

alcohol was added, mixed slowly and centrifuged at 8000X g for 1Omin. The upper

phase was removed, and the DNA was precipitated with equal volume of isopropanol.

The DNA was re-precipitated with 2 volumes of cold 95% (v/v) ethanol, dried,

washed with 70% ethanol, and dissolved in TE buffer [lOmM Tris-HCl (pH 8.0) and

ImM EDTA (pH 8.0)]. This DNA solution was given an RNase treatment (with
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DNase free RNase A) at 37°C for lhour and extracted with 24:1

Chloroforrmlsoamylalcohol. The DNA was reprecipitated and quantified on a 0.9%

agarose gel in IX TAE [40mM Tris-acetate, ImM EDTA (pH 8.0)] buffer.

3.2.3 hpt amplification

The hpt fragment was amplified with 20ng of DNA, 0.2mM of each of the

dNTPs, lOpmole of forward and reverse primer (5' GTC TGT CGA GAA GTT TCT

GAT CG 3' and 5' GCG AGT ACT TCT ACA CAG CCA T 3'), 0.6 Units ofTaq

DNA polymerase and IX PCR buffer (50mM KC1, lOmM Tris-HCl, 1.5mM MgCl2)

in a total reaction volume of20ul. The PCR amplification was performed in PTC-200

thermalcycler (M J Research, USA)_ initial denaturation step of 94°C for 5min

followed by 25 cycles of denaturation at 94°C for 30sec, annealing at 58°C for 20sec

and extension at 72°C for lmin with final extension of 72°C for 5min.

3.2.4 Southern Blotting and hybridization

l-5ug of genomic DNA (mutant and wild type) was digested with the 10U of

four restriction enzymes (Hindlll, Dral, EcoRV and EcoRI) separately at 37°C

overnight. The resultant fragments were separated by electrophoresis through 0.9%

agarose gel, using the IX TAE buffer at 20V for 24 hours until the bromophenol blue

dye had migrated to the appropriate position. The DNA was electrophoresed at low

voltage for longer period for better separation of fragments. The DNA in the gel was

stained with ethidium bromide, rinsed in distilled water and photographed. The gel

was destained in distilled water and DNA waspurinated in 0.25N HC1 for ten minutes

and then neutralized with 0.4N NaOH. The DNA from the gel was transferred to a

Biodyne/Hybond N+ membrane (Amersham Inc.) by the disposable gel transfer
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system using 0.4N NaOH solvent. Three sheets of Whatman filter papers (3MM) were

placed in such a way that the edges were dipped into the tray containing 0.4M NaOH

for capillary transfer. Gel was placed on filterpaper followed by Biodyne/Hybond N+

membrane and three sheets of Whatman filter papers presoaked in 0.4N NaOH and

paper towels (15cm thick) overnight. This arrangement allowed the DNA to transfer

to the membrane. The hpt (950bp) probe was labelled from specific PCR product

amplified by using hpt specific primers (5' GTC TGT CGA GAA GTT TCT GAT CG

3' and 5' GCG AGT ACT TCT ACA CAG CCA T 3'). The PCR product was eluted

form gel and purified using the QIAGEN QIAquick PCR purification kit (USA). PCR

product (25ng) was made up to 8ul with sterilized double distilled water for lOmin to

denature. 2ul of hexanucleated buffer; 3ul of dNTP (AGT); 2ul of Klenow fragment

and 5ul of radiolabelled a-P32dCTP were added to the PCR product and incubated for

1 hour and purified through spin columns containing Sephadex G50. The blot was

prehybridized with prehybridization buffer at 65°C for 2 hours. 30ul of buffer was

added to the radiolabelled probe and denatured it by adding equal volume of 0.4N

NaOH . Denatured probe was added to the blot and incubated for 20 hours at 65°C.

Hybridization membrane was washed at 65°C for 30min each in 2X SSC and IX

SSC followed by 1 hour in 0.5X SSC. All washing solutions contained 0.1% (w/v)

SDS. The hybridized blot was exposed to X-Ray film for 7 days which revealed the

specific hybridization signals.

3.2.5 Bulk Segregation Analysis

3.2.5.1 Detection of polymorphism by SSRs

Two hundred and nine rice microsatellites SSRs (simple sequence repeats)

primer pairs were selected representing all the 12 chromosomes of rice covering both
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arms for initial parental polymorphism between Basmati 370 and PR106. Information

regarding chromosomal location, SSR sequence of primers as given by Temnykh et

al, (2000 and 2001) and Cho et al, (2000). PCR was carried out in 20ul reaction

containing 50ng of DNA, 0.1 mM of each of the dNTPs, 0.25uM of forward and

reverse primers, 0.6U of Taq DNA polymerase and IX PCR buffer (50mM KC1,

lOmM Tris-HCl, 1.5mM MgCl2) and the condition using 94°C for 5min, followed by

35 cycles of denaturation at 94°C for 30sec, annealing at 55°C for 30sec and

extension at 72°C for 2min with final extension at 72°C for 7min.

3.2.5.2 Resolution of amplified SSRs product

After the completion of the reaction 2ul of 10X loading dye (0.4% w/v

bromophenol blue, 0.4% w/v Xylene Cyanol FF, 50% Glycerol) wasadded. The PCR

product was loaded on 2.5% LMP high resolution superfine agarose (Promega)

prepared with 0.5X TBE buffer. Gels were stained with lug/ml ethidium bromide and

then visualized under UV light and photographed using UVP Gel documentation

system (Model GDS 7600) with GRAB-IT software programme (Annotating Grabber

32-Bits).

3.2.5.3 Identification of linked microsatellite marker and linkage analysis

Two bulks were made from the selected rows of segregating F3 mapping

population of OsPE and PR106. Bulks were prepared from 10 homozygous hpt +ve

polyembryonic lines (bulk 1) and hpt -ve single embryo seedlings (Bulk 2). An equal

concentration (5 ug) of DNA from these F3 progenies were pooled. These two bulks

and parents were used to identify putative markers linked to polyembryonic mutant.
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The microsatellite markers distinguishing parents and bulks were used to analyse

individual plants constituting each bulkand further testedon the F3 progenies.

3.2.6 Genome Walking

3.2.6.1 Restriction digestion

Highly purified and intact genomic DNA of OsPE was used for restriction

digestion. Five different blunt end restriction enzymes were used to generate genome

walking libraries. These enzymes were selected on the basis of restriction map of

Blunt end digestion ofgenomic DNA

Genome walking adaptor
Ligation

Primary reaction

AP1+T-RB1 AP1_>

Secondary reaction

AP2+T-RB2
AP2

Tertiary reaction ^2

AP2+T-RB3

Primary PCR

T-RB1

Genome walker

Library

•B Primary PCR product
T-RB2

••—i Secondary PCR product

T-RB3

Jtm Tertiary PCR product

Fig. 3.2 Schematic diagram explaining Genome Walking technique
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random rice BAC clones. For complete digestion, 500ng of genomic DNA was

restricted with 30U of EcoRV, Dral, Rsal, Hpal and Haelll separately at 37°C

overnight. The digested DNA was ethanol precipitated afterPhenol: Chloroform (1:1)

extraction. The DNA pellet was re-suspended in water and 500ng of completely

digested DNA was used to ligate with the "Genome Walker Adaptor".

3.2.6.2 Primers

Following are the T-DNA specific, genome specific and adaptor specific

primers used for genome walking experiment. The specificity of each primer was

confirmed by comparing its sequence with all the predicted rice coding sequences

using the BLAST tool atNCBI toensure that each pair targets a unique site within the

set of predicted rice coding sequences.

Gene- specific primers

T-DNA left border nested primers

T-LB 1: (5'-TGGGTATCTGGGAATGGCGAAATA-3')

T-LB 2: (5' -CAAGGCATCGATCGTGAAGTTT-3')

T-LB 3: (5' -AATGTAGACACGTCGAAATAAAGA-3')

T-LB 4: (5' -CATGTAGATTTCCCGGACATGAAGCCATTT-3')

T-DNA right border nested primers

T-RB 1: (5'-GGGGCATCGCACCGGTGAGTAAT-3')

T-RB 2: (5' -AGCGAATTTGGCCTGTAGACCTCA-3')

T-RB 3: (5' -TATTCGGGCCTAACTTTTGGTGTG-3')

T-RB 4: (5' -GGCCTGTAGACCTCAATTGCGAGCTTTCTA-3')
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3.2.6.3 Genome walker adaptor

Genome walker adaptor was constructed by mixing 48bp sequence and 3'

modified 8bp sequence followed by heating at 95°C for 10 minutes and then kept at

room temperature for one hour.

GenomeWalker Adaptor:

5'_GTAATACGACTCACTATAGGGCACGCGTGGTCGACGGCCCGGGCTGGT-3'
I I II II II

3'-H2N-CCCGACCA-P04-5'

Adaptor-specific primers

API: (5' -GTAATACGACTCACTATAGGGC-3')

AP2: (5' -ACTATAGGGCACGCGTGGT-3'

Genome-specific nested primers

PE-RB1: (5 - -GGCATAGAATTTGCAGGTCATGAAG-3 -)

PE-RB2: (5' -TGTAAATCCGATGGTTCAACAAACC-3 ')

PE-LB1: (5 - -CTGTTTACAATTCGTGCTGCATTTG-3 -)

PE-LB2: (5' -AAGTTTCCGCTCGGTATACAACTCC-3 -)

3.2.6.4 Ligation

Completely digested 500ng of DNA was used to ligate with the "Genome

Walker Adaptor". The ligated products were made to final volume of 80ul, out of

which lul containing approximately 6.25ng of template DNA was used for the first

Genome Walking PCR.
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3.2.6.5 Genome Walking PCR Conditions

The PCR reactions were carried out in a total volume of20ul containing the

following to a final concentration: IX Taq DNA polymerase buffer, 1.5mM MgCl2,

0.2mM of each (dATP, dTTP, dCTP, dGTP), Taq polymerase and 0.2uM of each

primer. T-DNA specific primer (T-RB1: 5'GGGCATCGCACCGGTGAGTAAT-3')

and Adaptor specific primer (API: 5' -GTAATACGACTCACTATAGGGC-3') were

used for the primary PCR. The PCR product was separated on agarose gel. The

primary PCR product was diluted fifty fold and lul ofdiluted PCR product was used

as template for the secondary PCR.

The secondary PCR reaction was carried in a total volume of50ul containing

the following to a final concentration; IX Taq DNA Polymerase buffer, 1.5mM

MgCl2, 0.2uM ofeach primer (adaptor-specific and T-DNA specific), lul diluted first

PCR reaction as template and Taq DNA polymerase. The T-DNA specific primer (T-

RB2: 5'-AGCGAATTTGGCCTGTAGACCTCA-3') and an adaptor-specific primer

(AP2: 5'-ACTATAGGGCACGCGTGGT-3') were used. The amplified product from

the second PCR reaction was resolved using 1% (w/v) Agarose gel and IX TBE

buffer.

Tertiary PCR was performed using T-DNA specific primer (T-RB3: 5' -

TATTCGGGCCTAACTTTTGGTGTG -3') and an adaptor-specific primer (AP2: 5' -

ACTATAGGGCACGCGTGGT-3') and template offifty fold diluted secondary PCR

product with similar set of PCR conditions using Applied Biosciences 2720 Thermal

Cycler, USA. The PCR conditions used are given in Table 3.1.
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Table3.1 PCR Cycles used for Genome Walking
Reaction Cycle number Thermal cycling conditions
Primary 1 94°C (3min)

10 94°C ( 30sec), 72°C - 67°C (45sec) (-0.5°C / per
cycle),
72°C (2.5min)

30 94°C ( 30sec), 67°C (45sec), 72°C (2.5min)
1 72°C (7min)
1 4°C (Forever)

Secondary 1 94°C (3min)
10 94°C ( 30sec), 72°C - 67°C (45sec) (-0.5°C / per

cycle),
72°C (2.5min)

30 94°C ( 30sec), 67°C (45sec), 72°C (2.5min)
1 72°C

1 4°C (Forever)
Tertiary 1 94°C ( 3min)

35 94°C ( 30sec), 72°C - 67°C (45sec) (-0.5°C / per
cycle),
72°C (2.5min)

1 72°C

1 4°C (Forever)

45



3.2.6.6 PCRconditions used with genome specific and T-DNA specific primers

The insertion was confirmed using T-DNA specific and genome specific

primers using Basmati 370 and mutant DNA template. For this three T-DNA specific

primers (T-RBl, T-RB2 and T-RB3) and two nested genome specific primers (PE-

RB1 and PE-RB2) were used. Conditions used for 20uJ reaction were 94°C for 3 min;

[Touchdown PCR: 94°C, 30sec; 70°C to 65°C (-0.5°C /cycle), 45sec; 72°C, 150sec]

for 10 cycles; [94°C for 30sec; 65°C for 45sec; 72°C for 150sec] for 30 cycles and an

additional cycle of 72°C for 7minutes using Applied Biosciences 2720 Thermal

Cycler, USA.

3.2.7 TAIL PCR

3.2.7.1 Primers

The sequence of T-DNA specific primers used for TAIL-PCR are as follows:

T-RBl: 5'-GGGGCATCGCACCGGTGAGTAAT-3* (Tm=63.7°C)

T-RB2: 5'-AGCGAATTTGGCCTGTAGACCTCA-3' (Tm=60.4°C)

T-RB3: 5'-TATTCGGGCCTAACTTTTGGTGTG-3' (Tm=57.4°C)

ADl: 5'-NTCGASTWTSGWGTT-3' (64-fold degeneracy, average Tm=45.3°C)

Where, N= A/C/G/T, S= C/G, and W= A/T

3.2.7.2 TAIL-PCR procedure

20uL of primary TAIL-PCR reaction contained IX PCR buffer (lOmM Tris-

HC1, pH 8.3, 1.5 mM MgCl2), 200uM each of dNTPs, about 200ng of genomic DNA,

0.8 unit of Taq polymerase, 0.15uM T-RBl and AD primer (1.5uM for ADl), luL of

the primary PCR product was diluted with 49uL of distilled water and 2uL of diluted

DNA was used as template for secondary reaction. 20uL of secondary reaction
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contained IX PCR buffer, 0.6 unit of Taq polymerase, 200uM each of dNTPs, 0.2uM

T-RB2 and the same AD primer used in the primary reaction. IOOuL of tertiary PCR

mixture contained IX PCR buffer, 0.6 unit of Taq polymerase, 200uM each of dNTPs,

0.2uM T-RB3 and 1.5 uM AD primer used in the primary reaction. luL of the

secondary PCR product was diluted with 9uL distilled water and 2uL of the diluted

DNA was used as template DNA in tertiary PCR reaction. Primary, secondary and

tertiary reactions were executed as summarized in Table 3.2 in Biorad thermal cycler.

Short arbitrary degenerate Long T-DNA specific reverse primers
(AD) primer RB3 RB2 RBI

Primary PCR with RBI andan AD primer
5 high stringency cycles

1 low stringency cycle

1 reduced stringency cycle - , • , . • ,
6 ; 3 2 high stringency cycles

| 14 super cycles }

PCR yield [=a CZI c=> c=d rzz>-
^ C=i

Specific Non specific Non specific

Secondary PCR with RB2 and thesame AD primer

<=> yZH i=> (^D Tertiary PCR with RB3 Agarose
i—. A—11—n .—i and the same AD primer gel analysis

Specific Non specific
Undetectable

Fig.3.3 Schematic diagram explaining TAIL-PCR
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Table3.2 PCR Cycles used for TAIL-PCR

Reaction Cycles Temperature(°C) Time

Primary reaction 1 93 1 min.
95 1 min.

5 94 1 min.
62 1 min.
72 2.30 min.

1 94 1 min.
25 3 min.
72 2.30 min.

15 94 30 sec.
68 1 min.
72 2.30 min.
94 30 sec.
68 1 min.
72 2.30 min.
94 30 sec.
44 1 min.
72 2.30 min.

1 72 5 min.

Secondary 1 94 1 min.
reaction

15 95 10 sec.
63 1 min.
72 2 min.
94 10 sec.

63 1 min.
72 2 min.
94 10 sec.
44 1 min.
72 2 min.

1 72 5 min.

Tertiary reaction 1 95 3 min.

30 94 20 sec.
44 1 min.
72 2 min.

1 72 10 min.
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3.2.8 Gel elution and purification of PCR product

The DNA fragment was excised from the agarose gel with a clean and sharp

scalpel. Three volumes of Buffer QG (provide in the QIAquick gel extraction kit) was

added to 1volume of the gel. Incubated for lOmin at 50°C. After the gel slice had

dissolved completely, 1gel volume of isopropanol was added. QIAquick spin column

was placed in the 2ml collection tube and centrifuged for lmin. 0.5ml BufferQG was

added and centrifuged for lmin followed by the addition of 0.75ml Buffer PE

(provided in the kit) and centrifuged for lmin with and additional run of lmin. Placed

the column in the clean 1.5ml microcentrifuge tube. Elution of DNA was done by

adding 20ul water to the centre of the QIAquick membrane and centrifuged the

column for 1 minute.

3.2.9 Direct Sequencing of PCR product

The sequencing reactions were carried in a total volume of 20ul using ECQ

Dye Terminator Cycle Sequencing with Quick Start Kit (Beckman Coulter)

containing the following to a final concentration; 1.8Kb gel eluted fragment ofsecond

Genome Walking PCR (65ng-130ng); sequencing primer T-RB2/AP2 (5uM) and

DTCS Quick Start master mix (8ul). The thermal cycling program was; 96°C for

30sec, 50°C for 20sec, 60°C for 4min for 30 cycles. 5ul of stop solution/ Glycogen

mixture (2ul of3M Sodium acetate (pH 5.2), 2ul of lOOmM Na2EDTA (pH 8.0) and

lul of20mg/ml ofglycogen) was added to the sequencing PCR product. For ethanol

precipitation 30ul ofcold 95% v/v ethanol was added followed by centrifugation at

14,000rpm at 4°C for 15 minutes. Rinsed with 70% (v/v) ethanol and vacuum dried;

re-suspended the sample in 40ul ofthe sample loading solution (provided in the kit).

The re-suspended samples were transferred to the appropriate wells of the CEQ
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sample plate overlaid with a drop of light mineral oil. The sample plate was loaded

into the Beckman Coulter sequencing machine.

3.2.10 RT-PCR ^T/tccJto '̂M'̂
3.2.10.1 Total RNA isolation ~~r~

NT

Roots and shoots of the polyembryonic mutant were freeze dried after 6 and

12 days of seed germination. The frozen specimen was removed from the freezer and

was placed into TRIZOL reagent in 1.5ml eppendorf and homogenized using a tissue

homogenizer and incubated for 5min at room temperature. Added 0.1ml chloroform

and was shaken vigorously for 15-30sec by hand and incubated at room temperature

for 2-3min. Centrifuged at 12000X g for 15min at 4°C, removed the upper colourless

layer into a fresh tube. Added 1/10 volume of sodium acetate and two volumes of

ethanol followed by incubation for 30min at 20°C. Centrifuged at 12000X g for

15min at 4°C, pellet was washed with 70% ethanol and resuspended in 50ul RNase

free water. RNA was quantified by using Nanodrop method.

3.2.10.2 DNase treatment and cleaning of RNA

DNA was removed by DNase treatment. lOul reaction consisted of 8ul RNA

in DEPC treated water, lU/ug RQ1 RNase free DNase and lul 10X reaction buffer

was incubated at 37°C for 30min. Resulted RNA was Phenol:chloroform extracted

and precipitated with sodium acetate and ethanol. RNA was pelleted and washed with

70% ethanol and resuspended in DEPC treated water.

RNA was further cleaned up using RNeasy MinElute cleanup kit. 350ul buffer

RLT was added to lOOul of RNA and mixed thoroughly, followed by addition of

250ul of 100% ethanol and mixed thoroughly. Added 700u.l of sample to an RNeasy
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MinElute spin column in a 2ml collection tube and centrifuged for 15sec at 8000X g.

The flow through was discarded and 500ul of 80% ethanol was added to the spin

column and centrifuged for 2min at 8000X g. The flow through was discarded cap of

the spin column was opened and centrifuged at high speed for 5min and discarded the

flow through and collection tube. Transfered the spin column in new 1.5ml collection

tube, pipetted out 14ul of RNase free water directly on to the centre of the silica gel

membrane, centrifuged to the maximum speed to elute RNA and quantified by using

Nanodrop method (NanoDrop Tech).

3.2.10.3 Resolution of total RNA

The electrophoretic unit was treated with IN NaOH overnight. All the

solutions were prepared in DEPC treated water. 2ul of total RNA mixed with 2ul of

STS loading dye was loaded on the gel and run at 50V. Gel was visualized and

photographed.

3.2.10.4 cDNA synthesis

The mRNA was reverse transcribed using the superscript™ II RT kit

(Invitrogen). 20ul reaction was set using lug of total RNA; 500ug/ml oligo (dT) 12-is

and lul dNTP mix (lOtnM each) was heated to 65°C for 5min and quick chilled on

ice. Followed by brief centrifugation, added 4ul of 5X first strand buffer; 2|ti of 0.1 M

DDT; 40U/uJ RNase OUT. Mixed the contents of the tube thoroughly and incubated

at 42°C for 2 minutes. Added lul (200 U) of Super Script II RT and mixed by

pipetting gently up and down and incubated at 42°C for 90min. Inactivated the

reaction by heating at 70°C for 15min. 2ul of this cDNA was used for the RT-PCR.
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The sequences of Forward and Reverse primers used for amplification of

Actin I gene were [Actin I Fwd: ATCCTTGTATGCTAGCGGTCGA; Actin I Rev:

ATCCAACCGGAGGATAGCATG]. The primer pair was designed using PRIMER3

on intron exon junctions.

3.2.10.5 RT-PCR conditions

PCR reaction was carried out in 20ul volume containing 20ng of DNA;

0.2mM of each of the dNTPs; lOpmole of forward and reverse primers (RTP-F: 5'

CAAGCTAAGAATGGTAACATCC3'; RTP-R: 5' GCTGGGGTTGGCATACCTTG

3'); 0.8U of Taq DNA polymerase and IX PCR buffer (50mM KC1, lOmM Tris-HCl,

1.5mM MgCl2). The PCR amplification was performed in PTC-200 Thermal cycler

(M J Research, USA) with the thermal profile; initial denaturation step of 94°C for

5min, followed by 35 cycles of denaturation at 94°C for 20sec, annealing at 62°C for

20sec and extension at 72°C for 30sec with final extension of 72°C for 5min.

3.2.11 Meiotic analysis

Meiosis was studied after fixing the panicles in Carnoy's fixative (ethanol:

chloroform: glacial acetic acid; 6:3:1) for 24 hours followed by 70% ethanol.

Subsequently Pollen Mother Cells (PMCs) squash preparations were stained with 2%

acetocarmine (Herr, 1971).

3.2.12 Bioinformatics tools

The links for various bioinformatics tools used in the present study are:

Homology search (NCBI BLAST)
http://www.ncbi.nlm.nih.gov/blast
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Genomic region of rice (Mapview, Entrez and Gramene)
http: //www.ncbi.nlm.nih.gov/mapvievv/inaps.
http://www.ncbi.nlm.nih.gov/sites/entrez
http://www.gramene.org

Primer designing (Primer3)
http://frodo.wi.mit.edu/cgi-bin/primer3/primer3 www.cgi

Multi-alignment of protein sequence (ClustalW)
http://www.ebi.ac.uk/clustalw/

EST profile data for specific gene (UniGene),
http://www.ncbi.nliTi.nih.gov/UniGene/

Homolog search (dpget-bin)
http://www.genome.jp/dbget-bin

Prediction of introns, exons and amino acid sequence (GENSCAN),
http://genes.mit.edu/GENSCAN

Rice Functional Genomic Express Database
http://signal.salk.edu/cgi-bin/RiceGE
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CHAPTER 4

RESULTS



4. Results

Polyembryony has been described previously in several crops and cereal

plants, but the underlying genetic causes of twinning in such cases have been complex

and difficult to resolve. OsPE mutant therefore, represents the first reported example of

high frequency and heritable polyembryony in rice caused by insertional mutagenesis.

The combined use of Southern blot, BSA, Genome Walking, TAIL-PCR, RT-PCR

techniques and bioinformatics led to the identification of a candidate gene controlling

multiple embryo formation in Basmati 370. The results obtained with respect to aforesaid

objectives are presented as under:

4.1 OsPE mutant

4.1.1 Polyembryony frequency

The frequency of Polyembryonic seeds including twins, triplet and rare

quadruplets varied from 9.8 to 21.8% (Table 4.1; Fig. 4.1 and Fig. 4.2). Over 1000

mutant seeds from subsequent generations yielded similar results, confirming that

variable penetrance and expressivity worethe general characteristics of the OsPE. The

polyembryonic trait of OsPE was heritable. Dissection of embryos from seeds with

multiple shoots and roots during germination clearly indicated that the twin/ triplet

embryogenic axis with independent root and shoot were developed from a single

scutellum (Fig. 4.3). Each plantlet in the polyembryonic seed had its own root and shoot

axis. All the plantlets did not emerge simultaneously. There was slight delay in the

emergence of the additional roots and shoots. The additional plantlets when separated

two weeks after germination gave rise to independent rice plants (Fig 4.4).
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Table 4.1. Percentage of polyembryony among different seeds and plants of OsPE
>

mutant.

Source of seed T°ta| no. No. of No. of No. of No. of Polyembryony%

Seeds seeds seedlings seedlings seedlings
sown germinate with with twin with triplet

d Single embryo embryos
embryo

Basmati 370 control 50 50 - 0

OsPE (Single) 1 800

OsPE (Single) 2 700

741 658 122 20 19.7

p-680 572 96 12 15.9

OsPE (Twin) 1 80 71 56 11 4 21.0

OsPE (Twin) 2 43 40 36 6 . 15.0

OsPE (Twin) 3 70 63 55 8 12.7

OsPE (Twin) 4 53 51 46 5 98

OsPE X PR106 F, 138 138 61 lines 12 lines 2 lines 10.1

lines lines >

X
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Fig. 4.1 Seeds showing twin/triplet plantlets in OsPE mutant

Fig. 4.2 Seeds showing twin/triplet seedlings of OsPE mutant
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Fig. 4.3 Multiple embryos of OsPEmutant with independent shoot and root axis
attached to a single scutellum. (Green arrows: Shoot; Yellow arrows: Roots)

57



Fig. 4.4 Plants separated from different twin/ triplet polyembryonic
mutant OsPE

58



4.1.2 Association of hpt gene and hygromycin resistance with OsPE

The hygromycin resistance of the OsPE mutant was tested by growing the seeds

in the petriplate containing different doses of hygromycin. At 80 ppm OsPE mutant

germinated whereas Basmati 370 seeds which were used as control, showed no

germination at all under similar conditions (Fig 4.5). Further confirmation of hpt gene

was done by PCR amplification of the 950bp fragment of hpt gene using hpt F: (5' GTC

TGT CGA GAA GTT TCT GAT CG 3') and hpt R: (5' GCG AGT ACT TCT ACA CAG

CCA T 3') primers (Fig. 4.6). The expression of the polyembryony among OsPE plants

varied considerably from single embryo to triplet. Out of 800 OsPE seeds grown

using 80 ppm hygromycin solution, 122 were twin and 20 triplet and the rest were single.

A rare occurrence of quadruplet embryo was also recorded.

Polyembryonic seedlings were also obtained in population generated from a cross

OsPE X PR106. Extensive study on germination of seeds of F3 and F4 progenies

indicated that twins/tripletand single plants consistently gave rise to comparable numbers

of polyembryonic seeds following self-pollination. The hpt amplification was also done

from F2 plants generated from a cross OsPEX PR106.

4.1.3 Inheritance of OsPE gene

A population was developed by crossing OsPE with a non Basmati fine rice

cultivar and a large F2 was obtained. Morphological data for plant height and number of

tillers was collected for 202 F2 plants. The F2 population with 143 tall: 59 dwarf plants

segregated in 3tall: ldwarf ratio (% =1.90 at 1 df and p<0.05) (Fig. 4.7). Normal

distribution was obtained for tiller number(Fig. 4.8). The segregation pattern of F2 plants
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was also analysed on the basis of hygromycin resistance and amplification of hpt gene

sequence (Table 4.2). A representative gel picture showing amplification profile of hpt

positive and hpt negative individuals in F2 plants is presented in (Fig 4.9).

The goodness of fit of the observed number of hpt +ve and hpt -ve plants were tested

against the expected segregation ratio for a single gene using y}. Out of 138 F2 plants, 96

were hpt positive while 42 were hpt negative showing a good fit to the expected 3:1 ratio

( X= 1.156 at 1 df and p< 0.05) . The F2 phenotypic data for polyembryony unlike hpt

data was not segregating in the expected 3:1 ratio. Out of 175 F2 plants only 14 showed

polyembryony (twin/triplet phenotype) showing a significant deviation for 3:1 ratio (x2=

419.22 at 1 df and p< 0.05). All the fourteen plants which showed polyembryonic

phenotype were giving PCR amplification for hpt gene as well.

4.2. Meiotic analysis

The OsPE mutant was highly fertile with typical Basmati type seeds. The

behaviour of pollen mother cells (PMCs) was studied. The meiotic analysis for PMC of

mutants indicated diploid (2n=24) chromosomal number. Meiotic cell divisions were

normal with 12 lis at metaphase I and tetrads (Fig. 4.10).

4.3 Southern blot and hybridization

The genomic DNA was digested with four restriction enzymes (Hindi 11, Dral,

EcoRV and EcoRl), separated by agarose gel electrophoresis, blotted on Nylon

membrane and hybridized with 950bp hpt probe. Only one band in each lane of DNA

restricted with Hindi 11, Dral, EcoRV and EcoRl was found indicating only single

insertion of the cassette (Fig. 4.11). In OsPE mutant, only one copy of the WmKDs insert

was found.
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Fig. 4.5 Germination of OsPE mutant and Basmati 370 on 80 ppm hygromycin
solution A: Polyembryonic mutant B: Basmati 370

lOOObp

Fig. 4.6 PCR amplification of 950 bp hpt fragment in insertional mutants
Insertional Mutants (Lanes 1,2,4); OsPE (Lane 3); Basmati 370 (Lane 5); Lane

M: Molecular weight marker 1 Kb
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Table 4.2 Segregation data of F2 plants/F3 progenies of OsPE/PRW6 for seed germination and hpt amplification

Cross

OsPE I

PR106

F2(qyP£/PR106)
Germination of 138 F3 progenies on 80

ppm hygromycin solution

No. of

F3 lines

germ in
ated

96

No. of

F3 lines

grown

" 138

Expec
ted

ratio

3:1

X value
Calculated

1.15

Table

(p>0.05)

3.841

63

No. of F2

hpt +ve
plants

96

hpt gene amplification
(138 F2 plants)

No. of F2

hpt -ve
plants

42

Expec
ted

ratio

3:1

X value
Calculated

1.156

Table

(p>0.05)

3.841



3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

1KB

lOObp

Fig. 4.9 PCR amplification of 950 bp hpt fragment in £teP£7PR106 F2population
Lane 1: OsPE mutant; Lane 2: Basmati370; Lanes: 3-20F2 Plants; Lane M:

Molecular weight marker lOObp
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Fig. 4.10 PMC Meiosis in OsPE, a: Diakinesis 12IIs ; b: Metaphase-1,12IIs; c:
Telophase-I; d: Tetrad stage
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EcoRV

digested
EcoRl

digested
Dral

digested
Hind III

digested

Fig. 4.11 Autoradiograph of Southern hybridization of Basmati and various insertional mutants restricted with four
restriction enzymes and probed with 950bp hpt product
Lanes 1, 6,11,16: Basmati 370; Lanes 2,7,12,17: OsPE (arrows)
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4.4 Bulk Segregant Analysis (BSA)

4.4.1 Parental polymorphism survey

Parental polymorphism survey was conducted for identifying the SSR markers

polymorphic between the Basmati 370 and PR106. 209 SSR primer pairs uniformly

distributed across 12 rice chromosomes were selected based on the rice map of Temnykh

et al. (2000) and IRGSP 2005. These markers were selected at an average interval of

lOcM covering the entire length of 1500cM of rice genome. Of the 209 primer pairs

tested, 98 (46.8%) exhibited polymorphism (Fig. 4.12). The remaining primer pairs

amplified more than one product or were monotnorphic.

4.4.2 Chromosomal location and mapping of OsPE locus

Mapping of the OsPE mutant was carried out following BSA approach. A set

of 98 markers showing polymorphism between the parental lines Basmati 370 and PR106

were used for identifying markers associated with the OsPE locus through BSA. Ten hpt

+ve and equal number of hpt -ve F3 progenies from the cross OsPE / PR 106 were used

for constituting the +ve and -ve bulks. The hpt +ve lines were also showing

polyembryonic phenotype.

The RM14667 and RM14645 markers showed clear polymorphism between

bulks. The gel picture showing the results of BSA using RM 14667 and RM 14645

markers is given in (Fig 4.13). Both these markers are located on chromosome 3. These

two putative markers showing polymorphism in bulks were further used on debulks, the

individual plants constituting the bulks. Out often plants in +ve debulk for RM 14667

only one recombinant (Lane 7) was found and for RM 14645 one heterozygous (Lane 6)
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and one recombinant (Lane 9) were found. For the 12 progenies in the -ve debulk

amplified with RM 14667 and RM 14645, no recombinant was found. The amplification

obtained clearly indicated close association of these markers with OsPE locus (Fig 4.14

and 4.15). These two putative markers were then used for genotyping on F2 population of

138 plants. The linkage analysis showed 3 and 8 recombinants for RM14667 and

RM 14645, respectively (Table 4.3). The co-segregation analysis of individual markers

and OsPE genotype of 138 F2 plants showed that the marker loci of RM 14645 and

RM14667 were linked to OsPE at 5.79cM and 2!7cM, respectively (Fig 4.16). The

distance between SSR markers and T-DNA was calculated based on the recombination

frequency. The data obtained using the SSR markers clearly indicated that the OsPE

mutant is located on chromosome 3.

In the present study BSA approach has been further confirmed with other

reverse genetic approaches such as genome walking and TAIL-PCR for amplification of

T-DNA flanking region, sequencing and BLAST search to reach the exact location of

insertion on chromosome 3.
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Fig. 4.12 Map position of SSR markers on 12 rice chromosomes showing polymorphism
between Basmati 370 and PR106 and RM14645 and RM14667 on chromosome 3 linked to

OsPE mutant (Jrv UJjji ccbtoM,)
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20ol

12 3 4

RM14667

5 6 7

RM 14645

Fig. 4.13 PCR amplification with RM14667 and RM14645 markers on
bulks; Lanes 1 and 6: PR106, Lanes 2 and 5: Basmati 370, Lanes 3 and 8:
ve bulk, Lane 4 and 7: +ve bulk, M: Molecular weight marker

Fig. 4.14 PCR amplification of individual plants constituting the bulk with
RM14667; Lane 1: PR106, Lane 2: Basmati 370, Lanes 3-12: -ve debulked
lines, Lanes 14-24: +ve debulked lines, M: Molecular weight marker

Fig. 4.15 PCR amplification of individual plants constituting the bulk with
RM14645.

Upper row, Lane 1: Basmati 370, Lane 2: PR106, Lanes 3-14: -ve debulked
lines. Lower row, Lane 1: Basmati 370, Lane 2: PR106, Lanes 3-14 : +ve
debulked lined. M: Molecular weight marker
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Table 4.3 Recombination frequency in 138 F2 plants with the two linked markers

Marker Basmati 370

allele but hpt -ve
Homozygous for
PR106 allele but

hpt +ve

Total number

of

recombinants

Recombination

frequency (%)
incM

RM14645 2 6 8 5.79

RM 14667 1 2 3 2.17

RM 14645

5.79cM

2.17cM

RM14667

Chromosome 3

T-DNA (hpt)

Fig. 4.16 Linkage map of chromosome 3 showing the genetic distance of linked
markers RM14645 and RM14667 in relation to T-DNA insertional site of OsPE

mutant
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4.5 Genome walking

Three T-DNA specific nested primers (T-RBl, T-RB2 and T-RB3) were designed

and used for genome walking for identifying sequence flanking T-DNA insertion (Fig

4.17). The Primer3 programme was used to design these primers. Five Genome walking

libraries using EcoRV, Dral, Rsalll, Haelll and Hpal were developed. The digested

DNA was purified and ligated to the adaptors. The libraries were then used to perform

primary, secondary and tertiary PCR. The primary PCR gel showed a smear (Fig 4.18

lane 1). The secondary PCR using the T-RB2/AP2 primers and diluted primary PCR

product as template, amplified the desired product of 1.9Kb. Tertiary nested PCR resulted

in a single band of 1.8Kb (Fig 4.18 lane 2). Out of five genome walking libraries, Dral

and Rsalll resulted in amplification of 200bp and 300bp fragments but no amplification

was observed in the Haelll and Hpal libraries. PCR amplified product of 1.9Kb was

observed in EcoRV library.

Right Border Sequence
GGATCCCTGAAAGCGACGTTGGATGTTAACATCTACAAATTGCCTTTTCT

TATCGACCATGTACGTAAGCGCTTACGTTTTTGGTGGACCCTTGAGGAAA

CTGGTAGCTGTTGTGGGCCTGTGGTCTCAAGATGGATCATTAATTTCCAC

»RB1

CTTCACCTACGATGGGGGGCATCGCACCGGTGAGTAATATTGTACGGCTA

»RB2

AGAGCGAATTTGGCCTGTAGACCTCAATTGCGAGCTTTCTAATTTCAAAC

»RB3

TATTCGGGCCTAACTTTTGGTGTGATGATGCTGACTGGCAGGATATATAC

CGTTGTAATTGCCTAACTTTTGGTGTGATGATGCTGACTG

Fig. 4.17 T-DNA right border sequences with three T-RB nested primers in colour
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4.5.1. Insertion at Chromosome 3

Assigning location and function to the obtained sequence is an essential step. The

PCR- amplified products were resolved with low melting Agarose 1% (w/v) and 1.9Kb

DNA was eluted and purified using the QIAGEN QIAquick PCR purification kit (USA).

The gel eluted PCR products were sequenced using the T-DNA specific primer [T-RB 2

(5' AGCGAATTTGGCCTGTAGACCTCA-3')] and adaptor-specific primer [AP2 (5' -

ACTATAGGGCACGCGTGGT-3')]. While isolating the genomic sequence for OsPE

only one amplicon was obtained with one set of primers. The sequencing with T-RB2 and

AP2 showed the 556 and 559 nucleotide sequences respectively (Fig. 4.19 and Fig. 4.21).

The chromosomal location of the OsPE gene was determined using sequence of japonica

rice cultivar Nipponbare. The similarity searches of the T-DNA flanking sequences (T-

RB2 and AP2) using BLAST (Altschul, 1990) were done (www.ncbi.nlm-

•nih.gov/BLAST) (Fig. 4.20 and Fig. 4.22). BLAST results of AP2 showed 87% identity

with Oryza sativa cv. Nipponbare chromosome 3 whereas T-RB2 showed highly

significant alignment of 94% with rice cv. Nipponbare chromosome 3. Both showed

significant alignment with the Oryza s&tiva cv. Nipponbare with only single hit at

chromosome 3. Sequence obtained with T-RB2 corresponds to the gene present in the

contigNC_008396.1.

73



3Kb

2Kb

.5Kb

1Kb

500bp

M 1

Fig. 4.18 PCR amplification ofEcoRV digested library for identifying T-DNA
flanking region in OsPE using T-RB and AP primers. Lanel: Primary PCR
(T-RBl/APl); Lane 2: Secondary PCR (T-RB2/AP2); Lane 3: Tertiary PCR
(T-RB3/AP2); Lane M: Molecular weight marker lkb
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>T-RB2: OsPE

AGAGGCTTATCCTGGTCATGGCAAGCATAGGCGGGCCTAACTTTTGGTGTGATCGAT
GCTCATGCCGGGCTCATGCCGGGCTGGCACGGGAGGAGGCCAGGAGGGGGAGGAGC
GGCGTCCCACGTGCCGCCACGCGATTGCCGATGCTTCTAGGTCGGTTCCCCGCCGCG
CGGGCCCCACCAACCAGCGAGAGAAAACACGTTCCGCGCGCTACGCGCTCACTCAA
CCCTCCCCCTCTCCCTCGCTTACGGGGTGGGTCCCACACCACGGGCCAATCAGGGCC
CCGCCGCCTTCACCACCCTCGCCTGCGTTGGCCGACCAAAGCCACCCCGCCCTTTCCT
TTACGCCCACTGACGTGTGGGCCCCGAATCTCCCCCGGGTCCCCGTTGTTTTTTTTTG
TTGATTACCTGGTTCTCCGAAGCCCATTCAACCCCTGGGGTTAAAAATGGGGAAGGG
AAGGGCCCCCCCCAGTTTTGGGTTCACCCCCCGCCCNANTTNTTGTGCTTCCCTTCCT
CTCCGGCTAATAAGTATTGGCCTCACCCNCCCCCCCTCAAAA

Fig. 4.19 T-DNA flanking sequence usingT-RB2 (T-DNA based primer) for OsPE
mutant

Oryza sativa (japonica cultivar-group) genomic DNA, chromosome 3
Score = 481 bits (260), Expect = 3e-134
Identities = 300/317 (94%), Gaps = 12/317 (3%)
Strand=Plus/Plus

Query 68 GGCTCATGCCGGGCTGGCACGGGAGGAGGCCAGGAGGGGGAGGAGCGGCGTCCCACGTGC 127

I1IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIII!! II
Sbjct 7447382 GGCTCATGCCGGGCTGGCACGGGAGGAGGCCAGGAGGGGGAGGAGCGGCGTCCCACGTGC 7447441

Query 128 CGCCACGCGATTGCCGATGCTTCTAGGTCGGTTCCCCGCCGCGCGGGCCCCACCAACCAG 187
IIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIII||||||I|||||

Sbjct 7447442 CGCCACGCGATTGCCGATGCTTCTAGGTCGGTTCCC-GCCGCGCGGGCCCCACCAACCAG 7447500

Query 188 CGAGAGAAAACACGTTCCGCGCGCTACGCGCTCACTCAACCCTCCCCCTCTCCCTCGCTT 247

IIIIIIIIIIIIIIII II IIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIII
Sbjct 7447501 CGAGAGAAAACACGTTTCGTGCGCTACGCGCTCACTCAACC-TCCCCCTCTCCCTCGCTT 7447559

Query 248 ACGGGGTGGGTCCCACACCACGGGCCAATCAGGGCCCCGCCGCCTTCACCACCCTCGCCT 307

IIIII IIIIIIIIIIIIIIIIIIIIIIIIII!IIII IIIII IIIIIIIIII III I
Sbjct 7447560 ACGGG-TGGGTCCCACACCACGGGCCAATCAGGGCCC-GCCGC-TTCACCACCCCCGC-T 7447615

Query 308 GCGTTGGCCGACCAAAGCCACCCCGCCCTTTCCTTTACGCCCACTGACGTGTGGGCCCCG 367

IIIIII M IIIIIIIIIIIII III IIIIIIIIIIIIIIIIIIIIIIIIIIIIII I
Sbjct 7447616 GCGTTG-CCTACCAAAGCCACCC-GCC-TTTCCTTTACGCCCACTGACGTGTGGGCCC-G 7447671

Query 368 AATCTCCCCCGGGTCCC 384

IIIII III II IIII
Sbjct 7447672 AATCTTCCC-GG-TCCC 7447686

Fig. 4.20 BLAST result of T-DNA flanking sequence using T-RB2 (Genome Walking
PCR) showing 94% identity with rice cultivar Nipponbare at Chromosome 3
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>AV2:0sPE

GTTTTTCCCCTGTGTTAGCACCATTGTGGAAGAGCTTGGCCTGTGATCTCTTTGTCCTC
TTTCTTCTTTTCGGCTTTTTCCCTTTCTTTCTGGAGCTTCAGCCACCAGAGCAATCGTC
AGTTCTGATTTAGAACGGACGACGGGAATGCAATGCAGAATTTTCTTTGAAATATAT
AGTAATGATGAAGTACCAATTTACACAAGCACACAGCAGGAAACAAATGTTGTGCT
ATCAGTTACAGAAGATAACACAATTAGGGCACGGACACTTTCACATAGAATAATTTG
GATAATCCTTAATATATTTGTAAACATGGGTTAGGTCACTGGAACTGGTAAACCCCC
TTACAATTCATAACCAAGCCACCTCTTGGGGCAACAGAGAATAATCTTTTTTTTCTTG
CAGTTAGTTTTCCNAACTAAAAACAAGGATAAGTTCAGTTAACTATTTTCTATTATTG
GTGAATTGTCCAAAAATTTTTTACCCACCAACATTGTACATTCTCCACAAATTAAATG
CCAANTATTGCCTTTCNCNAAAATACCTTACAAACCGGTTCATGTTTAAC

Fig. 4.21 T-DNA flanking sequence using AP2 for OsPE mutant

Oryza sativa (japonica cultivar-group) genomic DNA, chromosome 3
Score = 547 bits (296), Expect = 3e-154

Identities = 447/510 (87%), Gaps = 51/510 (10%)
Strand=Plus/Minus

Query 19 CACCATTGTGGAAGAGCTTGGCCTGTGAf.ee-ctttgtcctctt.tettcttttcqgcttt 77
IIIII IIIIIIIIIIIII IIIII I II IIII I IIIIIIIIIIIIIII "iI ||

Sbjct 7449191 CACCA-TGTGGAAGAGCTT-TCCTGTCA-CTCCTTT-T-CTCTTTCTTCTTTTCAGCCTT 7449137

Query 78 ttccctttctttctgGAGCTTCAGCCACCAGAGCAATCGTCAGTTCTGATTTAGAACGGA 137

IIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII I
Sbjct 7449136 TTCCCTTTCTTTCTGGAGCTTCAGCCACCAGAGCAATCGTCAGTTCTGATTTAGAACGGA 7449077

Query 138 CGACGGGAATGCAATGCAGAATTTTCTTTGAAATATATAGTAATGATGAAGTACCAATTT 197

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 7449076 CGACGGGAATGCAATGCAGAATTTTCTTTGAAATATATAGTAATGATGAAGTACCAATTT 7449017

Query 198 ACACAAGCACACAGCAGGAAACAAATGTTGTGCTATCAGTTACAGAAGATAACACAATTA 257

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 7449016 ACACAAGCACACAGCAGGAAACAAATGTTGTGCTATCAGTTACAGAAGATAACACAATTA 7448957

Query 258 GGGCACGGACACTTTCACATAGAATAATTTGGATAATCCTTAATATATTTGTAAACATGG 317

IIIIIIIIIIIIII IIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIII I IIIII

Sbjct 7448956 GGGCACGGACACTT-CACATAGAATAATTTG-ATAATCCTTAATATATTTGTTA-CATGG 7448900

Query 318 GTTAGGTCACTGGAACTGGTAAACCCCCTTACAATTCATAACCAAGCCACCTCTTGGGGC 377

IIII IIII I IIIII III III IIIIIII IIIIII IIII II IIIIII I

Sbjct 7448899 -TTAG-TCACAG-AACTG-TAA-CCC--TTACAAT-CATAAC-AAGC-AC-TCTTGG--C 7448853

Query 378 AACAGAGAATAATCt 1tin: ti: tCTTGCAGTTAGTTTTCCNAACTAAAAACAAGGATAAGT 437

IIIIIIIIIIII II II IIIII IIIIIII IIIIIII IIIIIIII II
Sbjct 7448852 AACAGAGAATAA-CTAAAC CT-GCAGT-AGTTTTCG-AACTAAA—CAAGGATA-GT 7448803

Query 438 TCAGTTAACTATTTTCTATTATTGGTGAATTGTCCAAAAATTTTTTACCCACCAACATTG 497

111111 111111 nil ii 1111111 i i 1111 1111 mi ii 11111 i
Sbjct 7448802 -CAGTTA-CTATTT-CTAT-AT-GGTGAAT-G-C-AAAA-TTTT—ACC-AC-AACAT-G 7448757

Query 498 TACATTCTCCACAAATTAAATGCCAANTAT 527

I I I I I III I I I I I I II III II III

Sbjct 7448756 TACAT-CTC-ACAAAT-AA-TGC-AAGTAT 7448732

Fig. 4.22 BLAST result of T-DNA flanking sequence using AP2 (Genome Walking
PCR) showing 87% identity with rice cultivar Nipponbare at Chromosome 3
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4.6 Thermal Asymmetric Interlaced PCR (TAIL-PCR)

Another technique to identify and isolate the flanking region to a known insertion

in the genome is TAIL-PCR. Three nested T-DNA primers (T-RBl, T-RB2 and T-RB3)

and an arbitrary degenerate (AD) primer was designed to perform consecutive TAIL-

PCR reactions in OsPE mutant. These nested primers together with AD primer having a

lower Tm (melting temperature) was used for relative amplification efficiencies of

specific and non- specific products.

The primary reaction was carried out using T-RBl and ADl primers. The primary

PCR gel showed multiple bands due to amplification of non specific products, as ADl

primer annealed throughout the genome due to low stringency cycle. The secondary

TAIL-PCR was performed using T-RB2/AD1 primers and 50 times diluted primary PCR

product as template. By resolving secondary PCR product on 1.2% agarose gel showed

amplification of single fragment of 600bp. The specific product was preferentially

amplified over non specific ones because of two high stringency PCR cycles interspersed

by one low stringency cycle. The specific amplification was also obtained in tertiary

TAIL-PCR using T-RB3/ ADl primers and ten times diluted secondary PCR product as

template (Fig. 4.23). Amplified product of tertiary TAIL-PCR was run on 1.2% agarose

gel, eluted and purified. About 8ng of purified PCR product of tertiary TAIL-PCR was

used for sequencing reaction using T-RB3 primer. The sequence result showed

511 nucleotide sequence (Fig. 4.24). When similarity search was done using NCBI

BLAST it hit only chromosome 3 at 7447382 position with 92% identity with Oryza

sativa cv. Nipponbare (Fig. 4.25). Thus, TAIL-PCR also validated the T-DNA insertion

on chromosome 3 as shown by Genome Walking experiment.
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The gene starts at the position 7447811 and stops at 7450646 (Fig 4.26). Although

the insertion is in the promoter region at 777382 which is 425bp upstream the gene

Os03g0241300. OsPE candidate gene was mapped to chromosome 3 with 2 UTRs

(1473bp and 193bp), 2 Exons (154bp and 935bp), and 1 Intron (81bp) (Fig 4.27, Fig.

4.28 and Table 4.4). The length of OsPE candidate gene was 2.8Kb which encodes for a

hypothetical protein of 362 amino acids.

4.7. Confirmation of T-DNA insertion on chromosome 3

To confirm the insertion on chromosome 3, primers were designed for rice

genome flanking the T-DNA borders (Genome-specific primers, PE-RB1, PE-RB2/PE-

LB1, and PE-LB2) (Fig.4.29). PCR was done in combination with the T-DNA (T-RB)

based primers and genome-specific primers (Table 4.5) and amplification of expected

size was obtained in OsPE mutant, but not in Basmati 370 (Fig 4.30a). PCR with

genome-specific primers gave amplification in Basmati 370 and not in polyembryonic

mutant because of the insertion of approximately 10Kb fragment of the cassette which

cannot be amplified by the Taq polymerase used for the this PCR (Fig 4.30b). All the 14

polyembryonic hpt positive F3 lines also showed amplification with the T-DNA specific

(T-RBl) and genome specific (PE-RB1) primers (Fig 4.31). Later T-DNA specific and

genome specific primers were applied on the F2 population. Out of 138 F2 individuals 49

showed amplification.No results were obtained using T-LB primers. This may be because

of the loss of T-DNA left border during transformation.
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600bp

Fig. 4.23 PCR amplification of Primary, Secondary and Tertiary TAIL-PCR for
identifying T-DNA flanking region in OsPE. Lanel: Primary PCR (T-RBl/ADl);
Lane 2: Secondary PCR (T-RB2/AD1); Lane 3: Tertiary PCR (T-RB3/AD1); Lane
M: Molecular Weight Marker 1Kb
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>TRB3: OsPE

TGGCAAGCATAGGCGGGCCTAACTTTTGGTGTGATCGATGCTCATGCCGGGCTCATG

CCGGGCTGGCCGGGAGGAGGCCAGAGGGGGAGGAGCGGCGTCCCACGTGCCGCCAC

GCGATTGCCGATGCTTCTAGGTCGTTCCCCGCCGCGCGGGCCCCACCAACCAGCGAG

AGAAACACGTTCCGCGCGCTACGCGTCACTCAACCCTCCCCCTCTCCCTCGCTTACGG

GTGGGTCCCACACCACGGGCCAATCAGGGCCCCGCCGCCTTCACCACCCTCGCCTGC

GTTGGCCGACCAAAGACCCCGCCCTTTCCTTTACGCCCACTGACGTGTGGGCCCGGG

AATCTCCCCCGGGTCCCCGTTGTTTTTTTTTGTTGATTACCTGGTTCTCCGAACTGCCC

AATTCAACCCCTGGGGTTAAAAATGGGGAAGGGAAGGGCCCCCCCCAGTTTTGGGTT

CACCCCCCGCCCNANTTNTTGTGCCCTTCCTCTCCGGCTAATAAGTATTGGCCTCACC

CNCCCCCCCTCAAAA

Fig. 4.24 T-DNA flanking sequence using T-RB3 (Tertiary TAIL- PCR product) for
OsPE mutant

Oryza sativa (japonica cultivar-group) genomic DNA, chromosome 3
Score « 440 bits (238), Expect = 4e-122
Identities = 293/316 (92%), Gaps = 17/316 (5%)

Strand=Plus/Plus

Query 50 GGCTCATGCCGGGCTGGC-CGGGAGGAGGCCA-GAGGGGGAGGAGCGGCGTCCCACGTGC 107

IIIIIIIIIIIIIIIIII IIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIII II
Sbjct 7447382 GGCTCATGCCGGGCTGGCACGGGAGGAGGCCAGGAGGGGGAGGAGCGGCGTCCCACGTGC 7447441

Query 108 CGCCACGCGATTGCCGATGCTTCTAGGTCG-TTCCCCGCCGCGCGGGCCCCACCAACCAG 166

IIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIII IIIIIIIIII IIIIIIIIIIIII
Sbjct 7447442 CGCCACGCGATTGCCGATGCTTCTAGGTCGGTTCCC-GCCGCGCGGGCCCCACCAACCAG 7447500

Query 167 CGAGAGAAA-CACGTTCCGCGCGCTACGCG-TCACTCAACCCTCCCCCTCTCCCTCGCTT 224

IIIIIIIII IIIIII II IIIIIIIIII IIIIIIIIII IIIIIIIIIIIIIIIIII
Sbjct 7447501 CGAGAGAAAACACGTTTCGTGCGCTACGCGCTCACTCAACC-TCCCCCTCTCCCTCGCTT 7447559

Query 225 ACGGGTGGGTCCCACACCACGGGCCAATCAGGGCCCCGCCGCCTTCACCACCCTCGCCTG 284

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIII IIIIIIIIII III II
Sbjct 7447560 ACGGGTGGGTCCCACACCACGGGCCAATCAGGGCCC-GCCGC-TTCACCACCCCCGC-TG 7447616

Query 285 CGTTGGCCGACCAAAGAC-CCCGCCCTTTCCTTTACGCCCACTGACGTGTGGGCCCGGGA 343
IIIII II IIIIIII I IIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII I

Sbjct 7447617 CGTTG-CCTACCAAAGCCACCCGCC-TTTCCTTTACGCCCACTGACGTGTGGGCCCG--A 7447672

Query 344 ATCTCCCCCGGGTCCC 359

IIII III II IIII
Sbjct 7447673 ATCTTCCC-GG-TCCC 7447686

Fig. 4.25 BLAST result of T-DNA flanking sequence using T-RB3 (TAIL-PCR)
showing 92% identity with rice cultivar Nipponbare at Chromosome 3
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Fig. 4.26 Diagrammatic representation of T-DNA insertion on chromosome 3 in Polyembryony mutant of Basmati 370
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>refINC_008396.1 Oryza sativa (japonica cultivar-group) genomic DNA,
chromosome 3

ATCCTATGGCTTGAAAAATCTGCATGATAGAAGGCTAGAAAATATGTCGCGCATGAGGTATAGTCAGTCC

TAAAATAAAAACCCGAAAATCATCTCGCGCGAACTCCGCGCCGCCGCGCGCCACAGGCACAACCGCCAAA

AGCCTCCGCGGCTCGCCTCGCACCACACACGGAGTCACACGGCTCATGCCGGGCTGGCACGGGAGGAGGC

CAGGAGGGGGAGGAGCGGCGTCCCACGTGCCGCCACGCGATTGCCGATGCTTCTAGGTCGGTTCCCGCCG

CGCGGGCCCCACCAACCAGCGAGAGAAAACACGTTTCGTGCGCTACGCGCTCACTCAACCTCCCCCTCTC

CCTCGCTTACGGGTGGGTCCCACACCACGGGCCAATCAGGGCCCGCCGCTTCACCACCCCCGCTGCGTTG

CCTACCAAAGCCACCCGCCTTTCCTTTACGCCCACTGACGTGTGGGCCCGAATCTTCCCGGTCCCGTGTG

CCAGTGATACCGTCTCGAGCATCACCTGGTAAATGGAGGAGGCCCCCAGTTGGTTCCCCGCACGACTCGG

GCTCCTCCTCTCCGGCTATAAATATCGCCTCACCCCCCGCGCCCTCGAAGAGGCTCCCTTTTTTCTCTTC

TTCCCCTCCCGCAACCCTAATTTTTTTTCCCCATCCGCGAAACCCTAGCCGCCACGCGAAACCAAATCCC

GCCGCGCGGGATCCTTTTCCGCCGGATTCCACCCGCGAATCGGGGTTCCCCTTACGATTCGCGGGCGGAT

TAGCGCGAGGCGCGCCTCCCCCTACCTCTGTGTGATCCGGGGGTGAGGTTAGGCCGGACGCCGGGGCATC

AGCCATGTCGAGGTGCTTCCCCTACCCGCCGCCGGGGTACGTGCGAAACCCAGTGGTGGCCGTGGCCGCG

GCCGAAGCGCAGGCGACCACTAAGGTTTGTTGAACCATCGGATTTACACACGCACGTGCCGGATCATTTG

CTCTTGCCTGTTGGTTTTGATCGGATCTGTTGGTTGTGCGTGTGTGATTTGGGGATCGCACGTGCGGGGA

AGCTAACCTTTGCATGGATAACTTGAGATTTGTGAGGCCGCGCTTCGACCAGATCGGTCGCCAATCTTTT

AGTGGCTGACCGTGGAAAGAGGATATTACTGACCTTCGGTTTGCTAATTTTGGTTGTGCCGTTGAATCTG

AAATAACCAGAATAGTCATGGGGAAAAAAGTCTGATCTGGAAGGTTCGAATTACATTTCTATATATTGTT

GTGCTCCCAGACGATGGTTGCAAGAAATCACTCATGCTGGATAAAATTGTGGATGTAAGAGTCTGCAGTC

GTTAAAATCTGGAAACAGCACATTTTGCCGTAGTAAATTTGAATCCATGTTGCTGTCTCGTTATTGGTGT

GTTACGAGTAACCTGTGTGTTGTTATCTCCGCTTGGACTAGATTCCAAGTAATCCAGTGCCTTCATGACC

TGCAAATTCTATGCCTATGAAGTAACATGAACAGTTTGTATGTATGTATTCTGTTGATGCATACTTGCAT

TATTTGTGAGATGTACATGTTGTGGTAAAATTTTGCATTCACCATATAGAAATAGTAACTGACTATCCTT

GTTTAGTTCGAAAACTACTGCAGGTTTAGTTATTCTCTGTTGCCAAGAGTGCTTGTTATGATTGTAAGGG

TTACAGTTCTGTGACTAACCATGTAACAAATATATTAAGGATTATCAAATTATTCTATGTGAAGTGTCCG

TGCCCTAATTGTGTTATCTTCTGTAACTGATAGCACAACATTTGTTTCCTGCTGTGTGCTTGTGTAAATT

GGTACTTCATCATTACTATATATTTCAAAGAAAATTCTGCATTGCATTCCCGTCGTCCGTTCTAAATCAG

AACTGACGATTGCTCTGGTGGCTGAAGCTCCAGAAAGAAAGGGAAAAGGCTGAAAAGAAGAAAGAGAAAA

GGAGTGACAGGAAAGCTCTTCCACATGGTGAGATATCCAAGCATTCAAAGCGAACCCACCACAAGAAGAG

AAAACATGAAGACATCAATAATGCTGATCAGAAGTCCCGGAAGGTTTCCTCCATGGAACCTGGTGAGCAA

TTGGAGAAGAGTGGACTCTCAGAAGAGCATGGAGCTCCTTGCTTTACTCAGACAGAGCATGGCTCTCCAGA

GAGTTCACAGGACAGCAGCAAGAGAAGAAAGGTTGTGTTACCCAGTCCTAGCCAAGCTAAGAATGGTGAGG

CCCTTTCTTGCATTTGTCTTCTTTTAGCTGGTGATGTTGAATTGGTTTGACTTATCCTGAATTATCATCTT

GCAGGTAACATCCTTCGAATAAAGATAAGAAGAGATCAAGATTCTTCAGCTTCCCTTTCGGAGAAATCTAA

TGTTGTACAAACACCAGTTCATCAAATGGGATCAGTTTCATCTCTGCCAAGTAAGAAAAACTCAATGCAAC

CACACAACACCGAAATGATGGTGAGAACAGCATCAACCCAGCAGCAAAGCATCAAAGGTGATTTTCAAGCA

GTACCGAAACAAGGTATGCCAACCCCAGCAAAAGTCATGCCAAGAGTCGATGTTCCTCCATCTATGAGGGC

ATCAAAGGAAAGGATTGGCCTTCGTCCTGCAGAGATGTTGGCCAATGTTGGTCCTTCACCCTCCAAGGCAA

AACAGATTGTCAATCCTGCAGCTGCTAAGGTTACACAAAGAGTTGATCCTCCACCTGCCAAGGCATCTCAG

AGAATTGATCCTCTGTTGCCATCCAAGGTTCATATAGATGCTACTCGATCTTTTACGAAGGTCTCCCAGAC

AGAGATCAAGCCGGAAGTACAGCCCCCAATTCTGAAGGTGCCTGTGGCTATGCCTACCATCAATCGTCAGC

AGATTGACACCTCGCAGCCCAAAGAAGAGCCTTGCTCCTCTGGCAGGAATGCTGAAGCTGCTTCAGTATCA

GTAGAGAAGCAGTCCAAGTCAGATCGCAAAAAGAGCCGCAAGGCTGAGAAGAAAGAGAAGAAGTTCAAAGA

TTTATTTGTTACCTGGGATCCTCCGTCTATGGAAATGGATGATATGGATCTCGGGGACCAGGATTGGCTGC

TTGATAGTACGAGGAAACCTGATGCTGGCATTGGCAACTGCAGAGAAATTGTTGATCCACTTACTTCTCAA

TCAGCAGAGCAGTTCTCATTGCAGCCTAGGGCGATTCATTTACCAGACCTTCATGTCTATCAGTTGCCATA

TGTGGTTCCATTCTAGGTTTGTGTAGTGAGATGGAGTAGGTGAGAAGTAGAGAGATGTTGGGAGAGAGCTG

TGTGGGTCTGGGAGATTATGGTTCCCTGCCACAGTTTTCCAGCTTTGTTCCAGAGCGTTTCTTGTTTCAGG

TTGCTGAGCCTGTCAAACTTCATGTAATGTTGTATTTTTGCTTCGTTTATTGCAAGCAATTGAACTTC

Fig. 4.27 Sequence of candidate gene OsPE including the promoter region in Oryza
sativa cv. Nipponbare genomic DNA Chromosome 3
(Red: end of previous gene; green: Promoter of candidate gene); Blue: UTR region; Orange
Underlined : Exon; black: Intron
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Fig. 4.28 Diagrammatic representation of the candidate gene OsPE showing
UTRs, coding and non coding regions

Table 4.4 Total size (bp) of UTRs, Exons and Intron present in the candidate
gene OsPE

7447811-7450646 NM_001056051.1 Os03g0241300 Size

7447811-7449283 Exon UTR 1473bp

7449284-7449437 Exon Exon 154bp

7449438-7449518 Intron 81bp

7449519-7450453 Exon Exon 935bp

7450454-7450646 Exon UTR 193bp
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Fig. 4.29 Diagrammatic representation of designing rice genome specific primers and expected product size (Table4.5)
in Polyembryony mutant of Basmati 370
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Table 4.5 Primer combination of rice genome specific and T-DNA specific PCR
and expected product size in Basmati 370 and OsPE

Primer combination Expected size Basmati370
(bp)

Expected size in
Polyembryony mutant(bp)

P-RB1 + T-RBl 1420

P-RB1 +T-RB2 -
1380

P-RB1+T-RB3 -
1340

P-RB1 +T-RB4 -
1370

P-RB2 + T-RBl -
893

P- RB2 + T-RB2 -
853

P-RB2 + T-RB3 -
810

P-RB2 + T-RB4 -
843

P-RB1+P-LB1 2106 >10kb

P-RB1 +P-LB2 1886 >10kb

P-RB2 + P-LB1 1579 >10kb

P-RB2 + P-LB2 1359 >10kb
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Poly Basmati Poly Basmati

^Mjd

Fig. 4.30 (a)

Fig. 4.30 (a) PCR amplification of OsPE and Basmati 370 genomic DNA
using T-DNA specific and genome specific primers. Only mutant lines showed
amplification. Lanes l-4and 9-12: P-RB2/T-RB1,2,3,4; Lanes 5-8 and 13-16: P-
RB1/T-RB1,2,3,4; M: Molecular weight marker lOObp.

(b) PCR amplification of OsPE and Basmati 370 DNA using genome
specific primers (T-RB/LB). Only Basmati 370 showed amplification. Lanes 1,5: P-
RB1/P-LB2; Lanes 2,6: P-RBl/P-LBl; Lanes 3,7: P-RB2/P-LB2; Lanes 4,8: P-
RB2/P-LB1; Lane M: Molecular weight marker 1 Kb

VI 2 3 4 5 6 7 « 9 10 11 12 13 14 15 M

^^ ^^ ^y^ ^^ _l, :<a_ fuj. -^ 'Mbp -nnr Mil 4lMV Mfe mftfr

Fig. 4.31 PCR amplification of T-RB1/P-RB1 in polyembryonic lines from F2
Population. Lanes 1-14: T-RB1/P-RB1 +Ve; Lane M: Molecular weight marker
lOObp
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The T-DNA insert is found to be present in the promoter region of the candidate

gene Os03g0241300. Corresponding mRNA and protein sequences were searched and

the corresponding sequences are given in Fig 4.29 and 4.30, respectively. The function of

Os03g0241300 (protein) has been reported as a hypothetical protein in Oryza sativa. At

nucleotide level OsPE shared identity with Arabidopsis, Zea mays and Vitis vinifera.

When the protein sequence was submitted to protein BLAST, the significant sequences

that were found in the database matched mainly with Oryza sativa and little with

Arbidopsis, Vitis vinifera and Zea mays (Fig. 4.34). The sequence showed some

significant alignment with Zea mays as a stress inducible protein; hypothetical protein in

Vitis vinifera and unknown protein in Arabidopsis thaliana. No conserved domains have

been found in this protein. No OsPE paralog was found in rice. OsPE gene with evidence

of transcription lacked functional homologs in other species. Although using KEGG

search around 401 orthologs sequence were found throughout the living kingdom but

majority had low identity value (> 40%) and most closely matches were with Vitis and

Arabidopsis with hypothetical and unknown proteins respectively.

4.8 Cloning of OsPE gene of Basmati 370

On the basis of the sequences obtained by genome walking and TAIL-PCR BLAST

search was done for the homologous sequence in Nipponbare japonica rice. The

nucleotide sequence of the candidate gene OsPE in japonica rice was used to design

seven pairs of overlapping PCR primers and the OsPE gene was amplified with Basmati

370 genomic DNA as template. These seven amplified products of OsPE gene in Basmati

370 was purified, gel eluted and sequenced using both forward and reverse primers. The

sequences obtained using various forward and reverse primer pairs were aligned and the
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sequence of full length OsPE gene in Basmati 370 was obtained as shown in Fig. 4.35.

The sequence thus obtained was used for BLAST against japonica rice (Fig. 4.36). Ten
SNPs and one gap were found in the OsPE candidate gene sequence as compared to
Nipponbare sequence and thus leading to atotal of 1% dissimilarity between the two

sequences. The protein sequence was predicted from nucleotide sequence using

GENSCAN (hJtE^gene^^ The variation was found only in two
amino acids.

4.9 RT- PCR (Reverse Transcriptase PCR)

To examine the expression of OsPE gene in different plant organs, reverse

transcription PCR analysis was performed with total RNA isolated from roots and shoots

(Fig 4.37). The transcript ofOsPE gene was detected in shoot.

To analyze the expression of OsPE gene, arelative expression ofareference gene
(as control) was required. The reference gene model used was actin I (Os03g50890).
Before applying those primers on RNA, it was applied on the genomic DNA to check any
amplification. This is to avoid any non-specific amplification of the total RNA if

contaminated with genomic DNA. No amplification was obtained with genomic DNA of

the mutant (Fig 4.38). With RT-PCR the expression was found in Basmati 370 shoots

(Fig 4.39). It can thus be speculated that OsPE gene is expressing in the shoot.

Large number of Expressed Sequence Tags (ESTs) were available in rice. Total

EST database was categorized into eight pools corresponding to the different parts of the

plant where expression was detected. Expression profile of the candidate gene suggested

by analysis of EST counts showed maximum ESTs in the seed followed by flower and
panicle. The Gene EST/ Total EST in pools are given in Table 4.6.

88



>gi|115451830|ref|NM_001056051.1| Oryza sativa (japonica cultivar-
group) Os03g0241300 (Os03g0241300) mRNA, complete cds

GAGGCTCCCTTTTTTCTCTTCTTCCCCTCCCGCAACCCTAATTTTTTTTCCCCATCCGCGAAACCCTAGC

CGCCACGCGAAACCAAATCCCGCCGCGCGGGATCCTTTTCCGCCGGATTCCACCCGCGAATCGGGGTTCC

CCTTACGATTCGCGGGCGGATTAGCGCGAGGCGCGCCTCCCCCTACCTCTGTGTGATCCGGGGGTGAGGT

TAGGCCGGACGCCGGGGCATCAGCCATGTCGAGGTGCTTCCCCTACCCGCCGCCGGGGTACGTGCGAAAC

CCAGTGGTGGCCGTGGCCGCGGCCGAAGCGCAGGCGACCACTAAGGTTTGTTGAACCATCGGATTTACAC

ACGCACGTGCCGGATCATTTGCTCTTGCCTGTTGGTTTTGATCGGATCTGTTGGTTGTGCGTGTGTGATT

TGGGGATCGCACGTGCGGGGAAGCTAACCTTTGCATGGATAACTTGAGATTTGTGAGGCCGCGCTTCGAC

CAGATCGGTCGCCAATCTTTTAGTGGCTGACCGTGGAAAGAGGATATTACTGACCTTCGGTTTGCTAATT

TTGGTTGTGCCGTTGAATCTGAAATAACCAGAATAGTCATGGGGAAAAAAGTCTGATCTGGAAGGTTCGA

ATTACATTTCTATATATTGTTGTGCTCCCAGACGATGGTTGCAAGAAATCACTCATGCTGGATAAAATTG

TGGATGTAAGAGTCTGCAGTCGTTAAAATCTGGAAACAGCACATTTTGCCGTAGTAAATTTGAATCCATG

TTGCTGTCTCGTTATTGGTGTGTTACGAGTAACCTGTGTGTTGTTATCTCCGCTTGGACTAGATTCCAAG

TAATCCAGTGCCTTCATGACCTGCAAATTCTATGCCTATGAAGTAACATGAACAGTTTGTATGTATGTAT

TCTGTTGATGCATACTTGCATTATTTGTGAGATGTACATGTTGTGGTAAAATTTTGCATTCACCATATAG

AAATAGTAACTGACTATCCTTGTTTAGTTCGAAAACTACTGCAGGTTTAGTTATTCTCTGTTGCCAAGAG

TGCTTGTTATGATTGTAAGGGTTACAGTTCTGTGACTAACCATGTAACAAATATATTAAGGATTATCAAA

TTATTCTATGTGAAGTGTCCGTGCCCTAATTGTGTTATCTTCTGTAACTGATAGCACAACATTTGTTTCC

TGCTGTGTGCTTGTGTAAATTGGTACTTCATCATTACTATATATTTCAAAGAAAATTCTGCATTGCATTC

CCGTCGTCCGTTCTAAATCAGAACTGACGATTGCTCTGGTGGCTGAAGCTCCAGAAAGAAAGGGAAAAGG

CTGAAAAGAAGAAAGAGAAAAGGAGTGACAGGAAAGCTCTTCCACATGGTGAGATATCCAAGCATTCAAA

GCGAACCCACCACAAGAAGAGAAAACATGAAGACATCAATAATGCTGATCAGAAGTCCCGGAAGGTTTCC

TCCATGGAACCTGGTGAGCAATTGGAGAAGAGTGGACTCTCAGAAGAGCATGGAGCTCCTTGCTTTACTC

AGACAGAGCATGGCTCTCCAGAGAGTTCACAGGACAGCAGCAAGAGAAGAAAGGTTGTGTTACCCAGTCC

TAGCCAAGCTAAGAATGGTAACATCCTTCGAATAAAGATAAGAAGAGATCAAGATTCTTCAGCTTCCCTT

TCGGAGAAATCTAATGTTGTACAAACACCAGTTCATCAAATGGGATCAGTTTCATCTCTGCCAAGTAAGA

AAAACTCAATGCAACCACACAACACCGAAATGATGGTGAGAACAGCATCAACCCAGCAGCAAAGCATCAA

AGGTGATTTTCAAGCAGTACCGAAACAAGGTATGCCAACCCCAGCAAAAGTCATGCCAAGAGTCGATGTT

CCTCCATCTATGAGGGCATCAAAGGAAAGGATTGGCCTTCGTCCTGCAGAGATGTTGGCCAATGTTGGTC

CTTCACCCTCCAAGGCAAAACAGATTGTCAATCCTGCAGCTGCTAAGGTTACACAAAGAGTTGATCCTCC

ACCTGCCAAGGCATCTCAGAGAATTGATCCTCTGTTGCCATCCAAGGTTCATATAGATGCTACTCGATCT

TTTACGAAGGTCTCCCAGACAGAGATCAAGCCGGAAGTACAGCCCCCAATTCTGAAGGTGCCTGTGGCTA

TGCCTACCATCAATCGTCAGCAGATTGACACCTCGCAGCCCAAAGAAGAGCCTTGCTCCTCTGGCAGGAA

TGCTGAAGCTGCTTCAGTATCAGTAGAGAAGCAGTCCAAGTCAGATCGCAAAAAGAGCCGCAAGGCTGAG

AAGAAAGAGAAGAAGTTCAAAGATTTATTTGTTACCTGGGATCCTCCGTCTATGGAAATGGATGATATGG

ATCTCGGGGACCAGGATTGGCTGCTTGATAGTACGAGGAAACCTGATGCTGGCATTGGCAACTGCAGAGA

AATTGTTGATCCACTTACTTCTCAATCAGCAGAGCAGTTCTCATTGCAGCCTAGGGCGATTCATTTACCA

GACCTTCATGTCTATCAGTTGCCATATGTGGTTCCATTCTAGGTTTGTGTAGTGAGATGGAGTAGGTGAG

AAGTAGAGAGATGTTGGGAGAGAGCTGTGTGGGTCTGGGAGATTATGGTTCCCTGCCACAGTTTTCCAGC

TTTGTTCCAGAGCGTTTCTTGTTTCAGGTTGCTGAGCCTGTCAAACTTCATGTAATGTTGTATTTTTGCT

TCGTTTATTGCAGCAATTGAACTTC

Fig. 4.32 Complete cDNA sequence corresponding to OsPE (candidate gene) in
Oryza sativa cv.Nipponbare genomic DNA chromosome 3
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>gi|115451831|ref|NP_001049516.1| Os03g0241300 [Oryza sativa (japonica
cultivar-group)]

MEPGEQLEKSGLSEEHGAPCFTQTEHGSPESSQDSSKRRKVVLPSPSQAKNGNILRIKIRRDQDSSASLS
EKSNVVQTPVHQMGSVSSLPSKKNSMQPHNTEMMVRTASTQQQSIKGDFQAVPKQGMPTPAKVMPRVDVP

PSMRASKERIGLRPAEMLANVGPSPSKAKQIVNPAAAKVTQRVDPPPAKASQRIDPLLPSKVHIDATRSF

TKVSQTEIKPEVQPPILKVPVAMPTINRQQIDTSQPKEEPCSSGRNAEAASVSVEKQSKSDRKKSRKAEK

KEKKFKDLFVTWDPPSMEMDDMDLGDQDWLLDSTRKPDAGIGNCREIVDPLTSQSAEQFSLQPRAIHLPD
LHVYQLPYVVPF

Fig. 4.33 Protein sequence corresponding to OsPE (candidate gene) in Oryza sativa
cv.Nipponbare genomic DNA chromosome 3

90



Zea_mays
Oryza

Arabidopsis
Vitis

Zea_mays
Oryza

Arabidopsis
Vitis

MSRCFPYPPPGYVRNPVAVAEPESTAKLLKEKEKAEKKKEKRSDRKAPKQCETSKHSKHS

MSRYFTSPPPVYARNWANGQNLVEWTKIERPIVDSKKLHRKEKKEKKKEKKLKKEKKSLE

MSRCFPYPPPGYFPRRTVDEALIESTKLQREKKAKEDRHQKDRKERKREKKEKKEKKREK

HKKRKLEDVIK AEQGPKRVPKESVERLEKSGLSEEHGAPSFVHTIRDSPES

MEPGEQLEKSGLSEEHGAPCFTQTEHGSPES

QKYSTTKTVS YESEQLEKSCLTEEYEQPRVG YLSDC

KEKEKGKDIASDIGDGXLNDKKGQSQRIRKDEAEQLEKSDLTEEYGQ.plYSQNSCHSSDS

Zea_mays SQDSGKRRKVVLSSPSQPKNGNILRFKIKSSQDPQSAVLEKPRVLEQPLVQQMGSGSSLS
Oryza SQDSSKRRKVVLPSPSQAKNGNILRIKIRRDQDSSASLSEKSNVVQTP-VHQMGSVSSLP

Arabidopsis SQNSKKRRRETSPAVVES
Vitis TQNSRKRKRDTSLSSGSSNHGNIIRLRLPLPKPKEPEASLTKEQNCSERLPLPKDYGPEA

Zea_mays GKQNSIH HKMNVRSTSGQRR-VNGDSQAVQKCLITESPAKTMQRLVPQPAAKVTHPV
Oryza SKKNSMQPHNTEMMVRTASTQQQSIKGDFQAVPKQGMPT-PAKVMPRVDVPPSMRASKER

Arabidopsis QIKATPVAGKPLRIRIVFKK

Vitis SLGKEQSSSMRLPLLKHKEPEASVSKEHSSSMRLPLLKRKEPEASVSKEQSSSMQLPLLK

Zea_mays DPQSAVKVPVGRSGPPLKSSGSVDPSPARVMRRFDPPPVKMMSQRVHHPASMVSQKVDPP

Oryza IGLRPAEMLANVGPSPSKAKQIVNPAAAKVTQRVDPPPAKASQRIDPLLPSKVHIDATRS

Arabidopsis PKEAEAVPQEDPVCSTSGTQRPSELP

Vitis HKEPEASLNKEKSCSISKHKEPETLLRKEQNRSVWMPLTNLREPEASLRAESCSTSGRVD

Zea_raays FPKVLHKETGSVVRLPEATRPTVLQKPKDLPAIKQQDIRTSSSKEEPCFSGRNAEAVQVQ
Oryza FTKVSQTEIKPEV QPPILKVPVAMPTINRQQIDTSQPKEEPCSSGRNAEAASVS

Arabidopsis SSVSLPSICDHDVAVPSTSLESGKVAIISESKK
Vitis LPAQQKYEIS GQSIEAPPIFSMRTSTVDQKLNPDQQLLCSTSKVPEIVVQN

Zea_mays

Oryza

Arabidopsis
Vitis

Zea_mays
Oryza

Arabidopsis
Vitis

DTKLSRSDMKKIRKAEKKDKKFRDLFVTWNPVLIENEGSDLGDEDWLFSSKRNSDAIMVQ

VEKQSKSDRKKSRKAEKKEKKFKDLFVTWDPPSMEMDDMDLGDQDWLLDSTRKPDAGIGN

RKKHKPSKESRYNSLFDELVPPCISLEEDDSSSDDWLFGTSRKENVSSAK

DANASKGSRSSKSKKQRAESRYKALVEDWVPPLLQAEQTDLDDQEWLFQKHGDRHESKRH

SRATDSSVPIHP-MVQQKPSLQPRATFLPDLNMYQLPYVVPF

CREIVD—PLTS-QSAEQFSLQPRAIHLPDLHVYQLPYVVPF

SSYKTDEDTIMSLQTSRDCSSLPRAMLLSEVGIFSLPYTVPF

ETINYDLS YGSWPRAQYLPEADVYALPYTVPF
* ** ***

Fig. 4.34 Protein BLAST of Oryza sativa (Os03g0241300) with Arabidopsis, Zea mays
and Vitis vinifera
Consensus key

* - single, fully conserved residue
: - conservation of strong groups
. - conservation of weak groups

- no consensus

CLUSTAL W (1.81) multiple sequence alignment
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AGGCTCCCTTTTTTCTCTTCTTCCCCTCCCGCAACCCTAATTTTTTTTCCCCATCCGCGAAACCCTAGCCG

CCACGCGAAACCAAATCCCGCCGCGCGGGATCCTTTTCCGCCGGATTCCACCCGCGAATCGGGGTTCCCCT

TACGATTCGCGGGCGGATTAGCGCGAGGCGCGCCTCCCCCTACCTCTGTGTGATCCGGGGGTGAGGTTAGG

CCGGACGCCGGGGCATCAGCCATGTCGAGGTGCTTCCCCTACCCGCCGCCGGGGTACGTGCGAAACCCAGT

GGTGGCCGTGGCCGCGGCCGAAGCGCAGGCGACCACTAAGGTTTGTTGAACCATCGGATTTACACACGCAC

GTGCCGGATCATTTGCTCTTGCCTGTTGGTTTTGATCGGATCTGTTGGTTGTGCGTGTGTGATTTGGGGAT

CGCACGTGCGGGGAAGCTAACCTTTGCATGGATAACTTGAGATTTGTGAGGCCGCGCTTCGACCAGATCGT

CGCCAATCTTTTAGTGGCTGACCGTGGAAAGAGGATATTACTGACCTTCGGTTTGCTAATTTTGGTTGTGC

CGTTGAATCTGAAATAACCAGAATAGTCATGGGGAAAAAAGTCTGATCTGGAAGGTTCGAATA/TACATTT

CTATATATTGTTGTGCTCCCAGACGATGGTTGCAAGAAATCACTCATGCTGGATAAAATTGTGGATGTAAG

AGTCTGCAGTCGTTAAAATCTGGAAACAGCACATTTTGCCGTAGTAAATTTGAATCCATGTTGCTGTCTCG

TTATTGGTGTGTTACGAGTAACCTGTGTGTTGTTATCTCCGCTTGGACTAGATTCCAAGTAATCCAGTGCC

TTCATGACCTGCAAATTCTATGCCTATGAAGTAACATGAACAGTTTGTATGTATGTATTG/CTGTTGATGC

ATACTTGCATTATTTGTGAGATGTACATGTTGTGGTAAAATTTTGCATTCACCATATAGAAATAGTAACTG

ACTATCCTTGTTTAGTTCGAAAACTACTGCAGGTTTAGTTATTCTCTGTTGCCAAGAGTGCTTGTTATGAT

TGTAAGGGTTACAGTTCTGTGACTAACCATGTAACAAATATATTAAGGATTATCAAATTATTCTATGTGAA

GTGTCCGTGCCCTAATTGTGTTATCTTCTGTAACTGATAGCC/ACAACATTTGTTTCCTGCTGTGTGCTTG

TGTAAATTGGTACTTCATCATTACT/ATATATTTCAAAGAAAATTCTGCATTGCATTCCCGTCGTCCGTTC

TAAATCAGAACTGACGATTGCTCTGGTGGCTGAAGCTCCAGAAAGAAAGGGAAAGGCTGAAAAGAAGAAAG

AGAAAAGGAGTGACAGGAAAGCTCTTCCACATGGTGAGATATCCAAGCATTCAAAGCGAACCCACCACAAG

AAGAGAAAACATGAAGACATCAATAATGCTGATCAGAAGTCCCGGAAGGTTTCCTCG/CATGGAACCTA/G

GTGAGCAATTGGAGAAGAGTGGACTCTCAGAAGAGCATGGAGCTCCTTGCTTTACTCAGACAGAGCATGGC

TCTCCAGAGAGTTCACAGGACAGCAGCAAGAGAAGAAAGGTTGTGTTACCCAGTCCTAGCCAAGCTAAGAA

TGGTGAGGCCCTTTCTTGCATTTGTCTTCTTTTAGCTGGTGATGTTGT/AATTGGTTTGACTTATCCTGAA

TTATCATGTTGCAGGTAACATCCTTCGAATAAAGATAAGAAGAGATCAAGATTCTTCAGCTTCCCTTTCGG

AGAAATCTAATGTTGTACAAACACCAGTTCATCAAATGGGATCAGTTTCATCTCTGCCAAGTAAGAAAAAC

TCAATGCAACCACACAACACCGAAATGATGGTGAGAACAGCATCAACCCAGCAGCAAAGCATCAAAGGTGA

TTTTCAAGCAGTACCGAAACAAGGTATGCCAACCCCAGCAAAAGTCATGCCAAGAGTCGATGTTCCTCCAT

CTATGAGGGCATCAAAGGAAAGGATTGGCCTTCGTCCTGCAGAGATGTTGGCCAATGTTGGTCCTTCACCC

TCCAAGGCAAAACAGATTGTCAATCCTGCAGCTGCTAAGGTTACACAAAGAGTTGATCCTCCACCTGCCAA

GGCATCTCAGAGAATTGATCCTCTGTTGCCATCCAAGGTTCATATAGATGCTACTCGATCTTTTACGAAGG

TCTCCCAGACAGAGATCAAGCCGGAAGTACAGCCCCCAATTCTGAAGGTGCCTGTGGCTATGCCTACCATC

AATCGTCAGCAGATTGACACCTCGCAGCCCAAAGAAGAGCCTTGCTCCTCTGGCAGGAATGCTGAAGCTGC

TTCAGTATCAGTAGAGAAGCAGTCCAAGTCAGATCGCAAAAAGAGCCGCAAGGCTGAGAAGAAAGAGAAGA

AGTTCAAAGATTTATTTGTTACCTGGGATCCTCCGTCTATGGAAATGGATGATATGGATCTCGGGGACCAG

GATTGGCTGCTTGATAGTACGAGGAAACCTGATGCTGGCATTGGCAACTGCAGAGAAATTGTTGATCCACT

TACTTCTCAATCAGCAGAGCAGTTCTCATTGCAGCCTAGGGCGATTCATTTACCAGACCTTCATGTCTATC

AGTTGCCATATGTGGTTCCATTCTAGGTTTGTGTAGTGAGATGGAGTAGGTGAGAAGTAGAGAGATGTTGG

GAGAGAGCTGTGTGGGTCTGGGAGATTATGGTTCA/CCTGCCACAGTTTTCCAGCA/TTTGTTCCAGAGCG

TTTCTTGTTTCAGGTTGCTGAGCCTGTCAAACTTCATGTAATGTTGTATTTGCTTCGTTTATTGCAA/GCA

ATTGAACTTC

Fig. 4.35 OsPE candidate gene sequence in Basmati 370 showing SNPs (in colour)
with the corresponding Nipponbare sequence
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Oryza sativa (japonica cultivar-group) genomic DNA, chromosome 3
Score = 5155 bits (2791), Expect = 0.0
Identities = 2822/2836 (99%), Gaps = 5/2836 (0%)
Strand=Plus/Plus

Query 1 AGGCTCCCTTTTTTCTCTTCTTCCCCTCCCGCAACCCTAAttttttttCCCCATCCGCGA 60

IIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 7447812 AGGCTCCCTTTTTTCTCTTCTTCCCCTCCCGCAACCCTAATTTTTTTTCCCCATCCGCGA 7447871

Query 61 AACCCTAGCCGCCACGCGAAACCAAATCCCGCCGCGCGGGATCCTTTTCCGCCGGATTCC 120

IIIIIIIIIII II IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 7447 872 AACCCTAGCCGCCACGCGAAACCAAATCCCGCCGCGCGGGATCCTTTTCCGCCGGATTCC 7447931

Query 121 ACCCGCGAATCGGGGTTCCCCTTACGATTCGCGGGCGGATTAGCGCGAGGCGCGCCTCCC 180

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 7447932 ACCCGCGAATCGGGGTTCCCCTTACGATTCGCGGGCGGATTAGCGCGAGGCGCGCCTCCC 7447991

Query 181 CCTACCTCTGTGTGATCCGGGGGTGAGGTTAGGCCGGACGCCGGGGCATCAGCCATGTCG 240

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 7447992 CCTACCTCTGTGTGATCCGGGGGTGAGGTTAGGCCGGACGCCGGGGCATCAGCCATGTCG 7448051

Query 241 AGGTGCTTCCCCTACCCGCCGCCGGGGTACGTGCGAAACCCAGTGGTGGCCGTGGCCGCG 300

IIIII IIIIII IIIIIIII IIIIIIII IIIIIIIIIIIII IIIIIII IIIII IIIIII II
Sbjct 7448052 AGGTGCTTCCCCTACCCGCCGCCGGGGTACGTGCGAAACCCAGTGGTGGCCGTGGCCGCG 7448111

Query 301 GCCGAAGCGCAGGCGACCACTAAGGTTTGTTGAACCATCGGATTTACACACGCACGTGCC 360

IIII IIIIII IIIII II IIIIIIIIIIIIIIIIIIIII IIIIIIII IIIIII IIIII III
Sbjct 7448112 GCCGAAGCGCAGGCGACCACTAAGGTTTGTTGAACCATCGGATTTACACACGCACGTGCC 7448171

Query 361 GGATCATTTGCTCTTGCCTGTTGGTTTTGATCGGATCTGTTGGTTGTGCGTGTGTGATTT 420

II IIIIIII IIIIII IIIIIIIIIIIIIIIIIIIIII IIIIIIIIII IIII IIIIII III
Sbjct 7448172 GGATCATTTGCTCTTGCCTGTTGGTTTTGATCGGATCTGTTGGTTGTGCGTGTGTGATTT 7448231

Query 421 GGGGATCGCACGTGCGGGGAAGCTAACCTTTGCATGGATAACTTGAGATTTGTGAGGCCG 480

I I I I I I I I II I I I I I I I I I I I I I I I I I I I I I I I II I I I I I I I I I I I I I I I II I I I I I I I I

Sbjct 7448232 GGGGATCGCACGTGCGGGGAAGCTAACCTTTGCATGGATAACTTGAGATTTGTGAGGCCG 7448291

Query 481 CGCTTCGACCAGATCGGTCGCCAATCTTTTAGTGGCTGACCGTGGAAAGAGGATATTACT 540

IIIII IIIIII IIIIII I IIIIIIIIIIIII IIIIIIIII IIIIIII IIIII III II I II
Sbjct 7448292 CGCTTCGACCAGATCGGTCGCCAATCTTTTAGTGGCTGACCGTGGAAAGAGGATATTACT 7448351

Query 541 GACCttcggtttgctaattttggttgtgccgttgaatctgaaataaccagaaTAGTCATG 600

111111111111111111111111111111111111111111111111111111111111
Sbjct 7448352 GACCTTCGGTTTGCTAATTTTGGTTGTGCCGTTGAATCTGAAATAACCAGAATAGTCATG 7448411

Query 601 GGGAAAAAAGTCTGATCTGGAAGGTTCGAATAACATTTCTATATATTGTTGTGCTCCCAG 660

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 7448412 GGGAAAAAAGTCTGATCTGGAAGGTTCGAATTACATTTCTATATATTGTTGTGCTCCCAG 7448471

Query 661 ACGATGGTTGCAAGAAATCACTCATGCTGGATAAAATTGTGGATGTAAGAGTCTGCAGTC 720

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 7448472 ACGATGGTTGCAAGAAATCACTCATGCTGGATAAAATTGTGGATGTAAGAGTCTGCAGTC 7448531

Query 721 GTTAAAATCTGGAAACAGCACATTTTGCCGTAGTAAATTTGAATCCATGTTGCTGTCTCG 780

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIII
Sbjct 7448532 GTTAAAATCTGGAAACAGCACATTTTGCCGTAGTAAATTTGAATCCATGTTGCTGTCTCG 7448591

Query 781 TTATTGGTGTGTTACGAGTAACCTGTGTGTTGTTATCTCCGCTTGGACTAGATTCCAAGT 840

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII II IIII
Sbjct 7448592 TTATTGGTGTGTTACGAGTAACCTGTGTGTTGTTATCTCCGCTTGGACTAGATTCCAAGT 7448651

Query 841 AATCCAGTGCCTTCATGACCTGCAAATTCTATGCCTATGAAGTAACATGAACAGTTTGTA 900

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 7448652 AATCCAGTGCCTTCATGACCTGCAAATTCTATGCCTATGAAGTAACATGAACAGTTTGTA 7448711

Query 901 TGTATGTATTGTGTTGATGCATACTTGCATTATTTGTGAGATGTACATGTTGTGGTAAAA 960

IIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 7448712 TGTATGTATTCTGTTGATGCATACTTGCATTATTTGTGAGATGTACATGTTGTGGTAAAA 7448771
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Query 961 TTTTGCATTCACCATATAGAAATAGTAACTGACTATCCTTGTTTAGTTCGAAAACTACTG 1020
IIIIIIIIIIIII IIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIM IIIIIIIII

Sbjct 744 8772 TTTTGCATTCACCATATAGAAATAGTAACTGACTATCCTTGTTTAGTTCGAAAACTACTG 74488 31

Query 1021 CAGGTTTAGTTATTCTCTGTTGCCAAGAGTGCTTGTTATGATTGTAAGGGTTACAGTTCT 1080
IIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIII

Sbjct 7448832 CAGGTTTAGTTATTCTCTGTTGCCAAGAGTGCTTGTTATGATTGTAAGGGTTACAGTTCT 7448891

Query 1081 GTGACTAACCATGTAACAAATATATTAAGGATTATCAAATTATTCTATGTGAAGTGTCCG 1140
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Sbjct 7448892 GTGACTAACCATGTAACAAATATATTAAGGATTATCAAATTATTCTATGTGAAGTGTCCG 7448951

Query 1141 TGCCCTAATTGTGTTATCTTCTGTAACTGATAGCCCAACATTTGTTTCCTGCTGTGTGCT '1200
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIII

Sbjct 7448952 TGCCCTAATTGTGTTATCTTCTGTAACTGATAGCACAACATTTGTTTCCTGCTGTGTGCT 7449011

Query 1201 TGTGTAAATTGGTACTTCATCATTACTATATATTTCAAAGAAAATTCTGCATTGCATTCC 1259
IIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Sbjct 7449012 TGTGTAAATTGGTACTTCATCATTACTATATATTTCAAAGAAAATTCTGCATTGCATTCC 7449071

Query 12 60 CGTCGTCCGTTCTAAATCAGAACTGACGATTGCTCTGGTGGCTGAAGCTCCagaaagaaa 1319
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Sbjct 7449072 CGTCGTCCGTTCTAAATCAGAACTGACGATTGCTCTGGTGGCTGAAGCTCCAGAAAGAAA 7449131

Query 1320 ggg-aaaggctgaaaagaagaaagagaaaaggagtgacaggaaagCTCTTCCACATGGTG 1378
III 11111111111111111 IIIIIIIIIIIIIIIIIIIIII II

Sbjct 7449132 GGGAAAAGGCTGAAAAGAAGAAAGAGAAAAGGAGTGACAGGAAAGCTCTTCCACATGGTG 7449191

Query 1379 AGATATCCAAGCATTCAAAGCGAACCCACCACAAGAAGAGAAAACATGAAGACATCAATA 1438
||IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Sbjct 7449192 AGATATCCAAGCATTCAAAGCGAACCCACCACAAGAAGAGAAAACATGAAGACATCAATA 7449251

Query 1439 ATGCTGATCAGAAGTCCCGGAAGGTTTCCTCGATGGAACCTAGTGAGCAATTGGAGAAGA 1498
Ill IIII IIII IIIIIIIII IIIII IIIIII

Sbjct 7449252 ATGCTGATCAGAAGTCCCGGAAGGTTTCCTCCATGGAACCTGGTGAGCAATTGGAGAAGA 7449311

Query 1499 GTGGACTCTCAGAAGAGCATGGAGCTCCTTGCTTTACTCAGACAGAGCATGGCTCTCCAG 1558
IIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Sbjct 7449312 GTGGACTCTCAGAAGAGCATGGAGCTCCTTGCTTTACTCAGACAGAGCATGGCTCTCCAG 7449371

Query 1559 AGAGTTCACAGGACAGCAGCAAGAGAAGAAAGGTTGTGTTACCCAGTCCTAGCCAAGCTA 1618
||IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII>IIIIIIIIIIIII

Sbjct 7449372 AGAGTTCACAGGACAGCAGCAAGAGAAGAAAGGTTGTGTTACCCAGTCCTAGCCAAGCTA 7449431

Query 1619 AGAATGGTGAGGCCCTTTCTTGCATTTGTCTTCTTTTAGCTGGTGATGTTGTATTGGTTT 1678
M IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII>>> IIIIIIII

Sbjct 7449432 AGAATGGTGAGGCCCTTTCTTGCATTTGTCTTCTTTTAGCTGGTGATGTTGAATTGGTTT 7449491

Query 1679 GACTTATCCTGAATTATCATGTTGCAGGTAACATCCTTCGAATAAAGATAAGAAGAGATC 1738
IIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIII IIIIIIII

Sbjct 7449492 GACTTATCCTGAATTATCATCTTGCAGGTAACATCCTTCGAATAAAGATAAGAAGAGATC 7449551

Query 1739 AAGATTCTTCAGCTTCCCTTTCGGAGAAATCTAATGTTGTACAAACACCAGTTCATCAAA 1798
IM I I I IIIIIIIII II I

Sbjct 7449552 AAGATTCTTCAGCTTCCCTTTCGGAGAAATCTAATGTTGTACAAACACCAGTTCATCAAA 7449611

Query 1799 TGGGATCAGTTTCATCTCTGCCAAGTAAGAAAAACTCAATGCAACCACACAACACCGAAA 1858
|| I|| IIIIIIIIIIIIIIIIIIIIIIIIIIII III IIIIIIIIIM IIIIIIIM IIII

Sbjct 7449612 TGGGATCAGTTTCATCTCTGCCAAGTAAGAAAAACTCAATGCAACCACACAACACCGAAA 7449671

Query 1859 TGATGGTGAGAACAGCATCAACCCAGCAGCAAAGCATCAAAGGTGATTTTCAAGCAGTAC 1918
|| ||II IIIIIIIIIIII I IIM I

Sbjct 7449672 TGATGGTGAGAACAGCATCAACCCAGCAGCAAAGCATCAAAGGTGATTTTCAAGCAGTAC 7449731

Query 1919 CGAAACAAGGTATGCCAACCCCAGCAAAAGTCATGCCAAGAGTCGATGTTCCTCCATCTA 1978
|III IIIIIIIIIIIIIIIIIIIIIIIIII I

Sbjct 7449732 CGAAACAAGGTATGCCAACCCCAGCAAAAGTCATGCCAAGAGTCGATGTTCCTCCATCTA 7449791
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Query 1979 TGAGGGCATCAAAGGAAAGGATTGGCCTTCGTCCTGCAGAGATGTTGGCCAATGTTGGTC 2038

IIIIIIIM IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 7449792 TGAGGGCATCAAAGGAAAGGATTGGCCTTCGTCCTGCAGAGATGTTGGCCAATGTTGGTC 7449851

Query 2039 CTTCACCCTCCAAGGCAAAACAGATTGTCAATCCTGCAGCTGCTAAGGTTACACAAAGAG 2098

IIIIM IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 7449852 CTTCACCCTCCAAGGCAAAACAGATTGTCAATCCTGCAGCTGCTAAGGTTACACAAAGAG 744 9911

Query 2099 TTGATCCTCCACCTGCCAAGGCATCTCAGAGAATTGATCCTCTGTTGCCATCCAAGGTTC 2158

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 7449912 TTGATCCTCCACCTGCCAAGGCATCTCAGAGAATTGATCCTCTGTTGCCATCCAAGGTTC 7449971

Query 2159 ATATAGATGCTACTCGATCTTTTACGAAGGTCTCCCAGACAGAGATCAAGCCGGAAGTAC 2218

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 7449972 ATATAGATGCTACTCGATCTTTTACGAAGGTCTCCCAGACAGAGATCAAGCCGGAAGTAC 7450031

Query 2219 AGCCCCCAATTCTGAAGGTGCCTGTGGCTATGCCTACCATCAATCGTCAGCAGATTGACA 2278

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 7450032 AGCCCCCAATTCTGAAGGTGCCTGTGGCTATGCCTACCATCAATCGTCAGCAGATTGACA 7450091

Query 2279 CCTCGCAGCCCAAAGAAGAGCCTTGCTCCTCTGGCAGGAATGCTGAAGCTGCTTCAGTAT 2338

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 7450092 CCTCGCAGCCCAAAGAAGAGCCTTGCTCCTCTGGCAGGAATGCTGAAGCTGCTTCAGTAT 7450151

Query 2339 CAGTAGAGAAGCAGTCCAAGTCAGATCGCAAAAAGAGCCGCAAGGCTGAGAAGAAAGAGA 2398

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 7450152 CAGTAGAGAAGCAGTCCAAGTCAGATCGCAAAAAGAGCCGCAAGGCTGAGAAGAAAGAGA 7450211

Query 2399 AGAAGTTCAAAGATTTATTTGTTACCTGGGATCCTCCGTCTATGGAAATGGATGATATGG 2458

IIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 7450212 AGAAGTTCAAAGATTTATTTGTTACCTGGGATCCTCCGTCTATGGAAATGGATGATATGG 7450271

Query 2459 ATCTCGGGGACCAGGATTGGCTGCTTGATAGTACGAGGAAACCTGATGCTGGCATTGGCA 2518

II IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 7450272 ATCTCGGGGACCAGGATTGGCTGCTTGATAGTACGAGGAAACCTGATGCTGGCATTGGCA 7450331

Query 2519 ACTGCAGAGAAATTGTTGATCCACTTACTTCTCAATCAGCAGAGCAGTTCTCATTGCAGC 2578

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 7450332 ACTGCAGAGAAATTGTTGATCCACTTACTTCTCAATCAGCAGAGCAGTTCTCATTGCAGC 7450391

Query 2579 CTAGGGCGATTCATTTACCAGACCTTCATGTCTATCAGTTGCCATATGTGGTTCCATTCT 2638

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 7450392 CTAGGGCGATTCATTTACCAGACCTTCATGTCTATCAGTTGCCATATGTGGTTCCATTCT 7450451

Query 2639 AGGTTTGTGTAGTGAGATGGAGTAGGTGAGAAGTAGAGAGATGTTGGGAGAGAGCTGTGT 2698

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 7450452 AGGTTTGTGTAGTGAGATGGAGTAGGTGAGAAGTAGAGAGATGTTGGGAGAGAGCTGTGT 7450511

Query 2699 GGGTCTGGGAGATTATGGTTCACTGCCACAGTTTTCCAGCATTGTTCCAGAGCGTTTCTT 2758

IIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIII
Sbjct 7450512 GGGTCTGGGAGATTATGGTTCCCTGCCACAGTTTTCCAGCTTTGTTCCAGAGCGTTTCTT 7450571

Query 2759 GTTTCAGGTTGCTGAGCCTGTCAAACTTCATGTAATGTTGTATTTAAGCTTCGTTTATTG 2816

IIIIII IIIII IIIIIIII II IIIIIIIIIIIIIIIIII IIIIII IIIIII IIIII II
Sbjct 7450572 GTTTCAGGTTGCTGAGCCTGTCAAACTTCATGTAATGTTGTATTTTTGCTTCGTTTATTG 7450631

Query 2817 CAAGCAATTGAACTTC 2832

II IIII IIIIII III
Sbjct 7450632 CA-GCAATTGAACTTC 7450646

Fig. 4.36 BLAST result of sequence for OsPE candidate gene in Basmati 370 and
Nipponbare
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M 1 2

Fig. 4.37 Total RNA Lane 1: Basmati 370 Shoots; Lane 2: Basmati roots; Lane 3:
Other insertional mutant, roots; Lane 4: Other insertional mutant, shoots; Lane 5:
OsPE Roots; Lane 6: OsPE Shoots; Lane M: molecular weight marker 1Kb

Fig. 4.38 RT-PCR primer check on genomic DNA. Lane 1: OsPE with RT-Specific
primer; Lane 2: OsPE, actini primer; Lane 3: OsPE, hpt primer; Lane 4: -ve
control; Lane 5: Basmati 370 with RT- Specific primer; Lane 6: Basmati 370, actini
primer; Lane 7: Basmati 370, hpt primer; Lane 8: -ve control; Lane M: Molecular
weight marker lOObp
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Fig. 4.39 RT-PCR expression in Basmati 370 shoots
Lane 1: 0sP£(cDNA) with RT-Specific primer; Lane 2: OsPE(cDl$A), actini
primer; Lane 3: Basmati (cDNA) with RT-Specific primer; Lane 4: Basmati
370(cDNA) with actini primer. Lanes 5-8 same set of primers repeated with
total RNA as template. Lane M: Molecular weight marker lOObp
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Table 4.6 Rice ESTs corresponding to candidate gene OsPE

Pool name Transcripts per
million

Gene EST/Total

EST in pool

Callus 42 7/164802

Flower 168 23/136502

Leaf 69 12/171750

Panicle 173 23/132789

Root 87 6/68202

339 11/32357

Stem 102 13/126881

Vegetative
meristem

0 0/4594
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4.10 Blast of OsPE sequence with Rice FSTs

Insertional mutant databases containing FSTs for rice have been compiled through

the efforts of 11 institutes in 7 countries. So far 1,72,500 FSTs have been generated via

insertional mutagenesis in 27,551 (48%) of 57,142 rice loci (given by the International

Rice Genome Sequencing Project and the current TIGR rice genome pseudomolecules

release) (Jung et al, 2008). All the rice flanking Sequence Tags (FSTs) are publically

available at Rice Functional Genomics Express Database (Rice GE) developed by the

SALK institute as well as at NCBI. The BLAST alignment of the sequence of OsPE gene

against FST database showed two hits. The OsPE gene has insertion in the promoter

region whereas FST searched insertions were found to be in the coding region (Fig. 4.40).

No phenotypic description or associated annotations related to these insertions was

reported. It can provide a link between the candidate genes for polyembryony in OsPE

mutant by comparing the phenotype in other rice cultivars. This represents a straight

forward approach to assign function to rice gene sequences. In addition no hits were

obtained from 7ml 7, UCD, POSTECH and Oryza Tag Lines whereas RMD, TRIM and

SHIP databases showed around 21 hits in the nearby region but not within the OsPE

gene.

4.11 TAIL-PCR for other insertional mutants

In addition to polyembryonic mutants, identification of flanking sequences for

two more independent T-DNA insertional mutants (B-2-2, B-8-7) was done using TAIL-

PCR. TAIL-PCR was performed using T-DNA specific primers (T-RBl, T-RB2, T-RB3)

and arbitrary degenerate primer (ADl) (Fig. 4.41). The PCR amplified products were

resolved with low melting 1% agarose (w/v), eluted and purified. The gel eluted PCR
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products were sequenced using T-RB2 primers for both the insertional mutants.

Sequences obtained for B-8-7 and B-2-2 are given in Fig. 4.42 and Fig. 4.43.

The insertion in B-8-7 mutant was found to be present in the junk region at

position 27661397 to 276616602 in chromosome 3 when searched for identity using

BLAST against Oryzasativa cv. Nipponbare (Fig. 4.44).

The sequencing result of B-2-2 with T-RB2 showed 902 nucleotide long

sequence. The chromosomal location for B-2-2 insertion was determined using NCBI,

BLAST search with available data for japonica rice cultivar Nipponbare. The BLAST

result showed 87% identity with chromosome 11 of rice genome (Fig. 4.45). The

sequence corresponds to the contig region NC008404.1. The insertion is present in the

coding region of gene NC_008494.1. at position 26784525 to 26783660. The gene codes

for protein Pectin methylesterase (PME). The length of the gene was 2,185bp with five

exons and five introns. The length of mRNA was 1749bp which codes for 423 amino

acids. The gene Pectin methylestrase contains putative pectinestrase domain. EST counts

retrieved from the database suggests that the identified knockout gene B-2-2 expresses

only in panicles and flowers.

Genomic fragments encoding PME and its isoforms have been isolated from

several higher plants such as Brassica, Petunia, Arabidopsis and Oryza sativa. Around

143 protein matching counts were present in Oryza sativa. Several Pectin methylestrase

isoforms with different pH, isoelectric points and molecular mass are present in the same

plant. Not much variation has been observed in the mutant with respect to wild type

except 10-15% smaller grains.
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Fig. 4.40 FSTs in rice chromosome 3 in the OsPE region (7439811-7455811)
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Fig. 4.41 PCR amplification of Primary, Secondary and Tertiary TAIL-PCR for
identifying T-DNA flanking region in B-2-2 and B-8-7
B-2-2 Lanel: Primary PCR (T-RBl/ADl); Lane 2: Secondary PCR (T-RB2/AD1);
Lane 3: Tertiary PCR (T-RB3/AD1); B-8-7 Lane 4: Primary PCR (T-RBl/ADl);
Lane 5: Secondary PCR (T-RB2/AD1); Lane 6: Tertiary PCR (T-RB3/AD1)
Lane M: Molecular Weight Marker 1Kb
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> B-8-7_RB3-l

GGGATCCAGGCGAAAGACTGTTCTTCTATCACGAGACGAGTACTCCGCGCTGTGAGTAGGTTGATGGGACG

TAGGATCAGAAAACGCGTTCTTGCCTGTCCTGGTTTCACTAACCAAATCGAGTATGAAAGAACTTAAACAC

AGGCACAATTTGATCGTATAATCTCTCAAAATAATTTGGTGGACAAAATTTCTAGACGACCAAACATCGTG

TCGGCAACAGGGTGTTCATGTCACTCGACAACCGACAAAGCTAGCCCCGAAAAACCCCATCTTTGGCCAGC

ATAACCCTTGGAAAGAAGGCGGAATAAAACCGAAACTTCCGGTAACTATACTAAAGGCTTAAACGCGGTAT

TAAACTCACCCGTATGTGAACCACGATCAGGGGGTCCATATACATAACGGACTACCCCAGCACATGTAACC

GTGTGTAAGACCAATTTGTAGACACCGTGCAATATGGAGCTTTTGCCCAAAACACCAAGTGATCATCAGGT

GCCGTCCCAAGTGCAGCGAGATGAGCTTCAGCGCTCATACTCATTCACTGTTTAAGTTGAATACTAACACA

AAAGCGGAAACGCTACATGTTTAAACAACAATGTCTATCCTCTCTAATCTCCAAATCTTCTATTCACCAGC

ACTAATCCCAGGTGGATTACGCCACCTAATTTGCAAACAAAAGACCATAGTCCACTCCCCAGAGAAAGACA

TCAACGCGATACAGAGTCGAACGCCTCGGCTAAATAGCGGAGATTTCCCATCCTGGGTGCAAATCGTTAAA

CCAAAAATCTGTTCTTATCAAACTTCTACAGGGTACTCTAACAAGAAAGGAGAATCCGCTGCATGTGCTTT

TACCTCTCATCCACCACAACACCAACAGTGGCCGTGACATATAAAACGATCCGAGGGGCCGCG

Fig. 4.42 T-DNA flanking sequence using T-RB2 (T-DNA based primer in TAIL-
PCR) of B-8-7 mutant

> B-2-2_RB3-l
AAATCGCTCTACTACTTTTGTTTTTACATTGATTAATTAATTAACACTCTCTCTTTTTCATATTATGAATC

GCTTTGATTTCTTTTGCATTTTTTTCAAGTTTAACCAAATTTTATTGGAAAACATATCAACACAATTTTTT

AAGAAAAGAACAAACATATTATAAAAATATATTCAACTTTACATTTAGTTAAACTATTTTTTAAAAATGCT

G C T AAATT T T T T G AAAAAAAATT G ATC AAATATAAATAAGT T T G ACAAAAAAAAATC AAAACAAAGT T ACA

TTTTATATGAAATGGAAGGGGTAATCAATTAATTATGCTAGTACAAATTAATATATTCTAATTGTTGGTGT

AACATCAAATAGCGGGACATCAACGTCATCTATCTCTGTTTCTACGCAGAGCAACTCAACCGCGGAAGCCC

CGACGGCGAGTAGTACCTCAACTGCATCGGCTAATAAAAAGGAAAGCGATTCAACTGCAGAAGCGCCGACG

GCCACAAGAACCTCACCTGCGTCGGCGACACCGAGTAATCCACTGCGGCAGCATAGGCGACTTATTACTCG

AGTTCAGACTCACGGTCAAAAGAGAAGTGTCAATACAAGTCCAGCTGCAACAACGCGCCCGACGCTGATGA

ATCCGTTTCATTGGGGGCACACAAGTTCTGTTTTCGAAAGCACTGTTAATCGTTCATTTTAGCGGGTAAAT

GTGGAGCGGAATAAATTGAAATCGGTGCTTACGTAGATGAGTGCCTCGCTGTAAAGCTGATTTTTACTTAC

CAATTTCGTTCGGCTTTTGATGCGGCACCGACCACTCAAAAACTATGAGTTAGTTCTAACATGGTTTCCTT

GATGACAACGGACTTTTGAAGACTAGTGCTACATCGTTATGGGATAAATTACTTCCAGAGAAAGATAACGA

TCACAAATTTGGTTTCAAACGGGAATAACACTTGTGAAACAGGGTCTACCTCTGGTACAGTGCATAAATAT

GTGGTACAAAGGTATGTTGCTTTTCTAACAGGAGTTGTTCTCCTGAGATGAGGACCACATACACCTCGGAT

TCAATGCAAAAACAGGCCCCGAAAAGAAACGCGTTTTTCATTATGCATTACACGAAGCGTGAATAAGAATT

GTCTATTGGAAGAGCCCACGGATTATTGGACACATCCAGATGCGGCTGACGTCAGCGTAGAATGAA

Fig. 4.43 T-DNA flanking sequence using T-RB2 (T-DNA based primer in TAIL-
PCR) of B-2-2 mutant

103



Oryza sativa (japonica cultivar-group) genomic DNA, chromosome 3
Identities = 189/209 (90%), Gaps = 8/209 (3%)
Strand=Plus/Plus

Query 41 TACTCC-GCGCTG-TGAGTAGGTTGATG—GGACGTAGGATCAGAAAAC-GCGTTCTTGC 95

IIIIII III I IIII I II IIII IIIIII IIIII IIIIII I I I III
Sbjct 27661397 TACTCCAACGC-GTTGAGAAAGTGGATGTTGGACGTCGGATC-GAAAACGGAGAT-GTGC 27661453

Query 96 CTGTCCTGGTTTCACTAACCAAATCGAGTATGAAAGAACTTAAACACAGGCACAATTTGA 155

Mi IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII II IIIIIIIIIIIIIIIIIII
Sbjct 27661454 ATGTGCTGGTTTCACTAACCAAATCGAGTATGAAAGAACTTAAACACAGGCACAATTTGA 27661513

Query 156 TCGTATAATCTCTCAAAATAATTTGGTGGACAAAATTTCTAGACGACCAAACATCGTGTC 215

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIM IIIIIIIIII
Sbjct 27661514 TCGTATAATCTCTCAAAATAATTTGGTGGACAAAATTTCTAGACGACCAAACATCGTGTC 27661573

Query 216 GGCAACAGGGTGTTCATGTCACTCGACAA 244

IIIIIIIIIIIIIIIII III IIIIIII
Sbjct 27661574 GGCAACAGGGTGTTCATTTCAGTCGACAA 27661602

Fig. 4.44 BLAST result of T-DNA flanking sequence of B-8-7 mutant using
T-RB2 (TAIL-PCR) showing 90% identity with rice cultivar Nipponbare at
Chromosome 3
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Oryza sativa (japonica cultivar-group) genomic DNA, chromosome 11
Score = 974 bits (527), Expect = 0.0 Identities = 788/902 (87%), Gaps = 65/902 (7%)
Query 10 TACTACTTTTGTTTTTACATTGATTAATTAATTAACactctctctttttcatatt.ataa<:

11111111111111111111 111111II 1111111111111111111111111111111

69

k Sbjct 26784525 TACTACTTTTGTTTTTACATCGATTAATTAATTAACACTCTCTCTTTTTCATATTATGAA 26784466

Query 70

111111111111111111111111111111111111111111111111111111111111

129

Sbjct 26784465 TCGCTTTGATTTCTTTTGCATTTTTTTCAAGTTTAACCAAATTTTATTGGAAAACATATC 26784406

Query 130

111111111111111111111111111111111111111111111111111111111111

189

Sbjct 26784405 AACACAATTTTTTAAGAAAAGAACAAACATATTATAAAAATATATTCAACTTTACATTTA 26784346

Query 190

11111II 1111111111111II 11111111111111111111111111111111111111

249

Sbjct 26784345 GTTAAACTATTTTTTAAAAATGCTGCTAAATTTTTTGAAAAAAAATTGATCAAATATAAA 26784286

t Query 250 t AT

1111111111 1111111111111111iii11111111111ii 11111 ii i iiT11111
309

Sbjct 26784285 TAAGTTTGAC-AAAAAAAATCAAAACAAAGTTACATTTTATATGAAATGGAAGGTGTAAT 26784227

Query 310 CAATTAATTATGCTAGTACAAATTAATATATTCTAATTGTTGGTGTAACATCAAATAGCG

1111111111111111111111111111111111111111111111111111111111II

369

Sbjct 26784226 CAATTAATTATGCTAGTACAAATTAATATATTCTAATTGTTGGTGTAACATCAAATAGCG 26784167

Query 370 GGACATCAACGTCATCTATCTCTGTTTCTACG-CAGAGCAACTCAACCGCGGAAGCCCCG

111111 11111 1111111 III 1 III III 1 111II 1111111 11111 1111 III

428

Sbjct 26784166 GGACATCAACGTCATCTAGCTCAGCTTCAACGTC-GAGCAACTCAACCGCGGAAGCACCG 26784108

Query 429 ACGGCGAGTAGTACCTCAACTGCATCGGCTAATAAAAAGGAAAGCGATTCAACTGCAGAA

1111111111111 1111111111111111111111111111111 11111111111111

488

Sbjct 26784107 ACGGCGAGTAGTAACTCAACTGCATCGGCTAATAAAAAGGAAAGCAATTCAACTGCAGAA 26784048

-* Query 489 GCGCCGACGGCCACAAGA-ACCTCACCTGCGTCGGCGAC-ACCGAGTAAT-CCACTGCGG

111111 11111 II II II III 1111111 11111 II 11111 11 11 111111

545

Sbjct 26784047 GCGCCGACGGCGACTAGCTAC-TCAACTGCGTCAGCGACGAC-GAGTAATTCCACTGCGT 26783990

Query 546 CAGC-ATAGGCGACTTATTACTCGAGTTCAGACTC-AC-GGTCAAAAGAG-AAGT-GTCA

1111 1 11111 111 11111111111111 1 II II II 1 11111 1 111 1 II 1

600

Sbjct 26783989 CAGCGA-AGGCGACTAATTACTCGAGTTCA-AGTCCACCGG-CAAAAG-GCAAGTAGTTA 26783934

Query 601 ATACAAGTCCAGCTGCAACAACG-CGCCCGACGCTGATGAATC-CGTTTCATTGGGGGCA

1111111 1 111 1 II II III 1111 11111 1111111 1 1111 11111 111 II

658

Sbjct 26783933 ATACAAGTGCAGCGGCGACGACGGCGCC-GACGC-GATGAATCGCGTT-CATTGGGGCCA 26783877

Query 659 CAC-AAGTTCTGTTTTCGAAAGCACTGTT-AATCGTTCATT-TTAGCGGGTAAATGTGGA

II II 111111111 III II 1 III III 1111111 II 1 1 1 III Ml

715

Sbjct 26783876 -ACCAA-TTCTGTTTTGGAA-GCCC-GTTTAATTGTTCATTCTTTGTG—TCAATTTGG- 26783824

* Query 716 GC-GGAATAAATTGAAATCGGT-G-CTTACGTAGATGAGTGC-C-T-CGCTGTAA-AGCT

11 111 111 1 11 II 11 1 11 11 111111 1 1 1 1 11 1M 11 M 1

768

Sbjct 26783823 GCCGGATTAA-TC-AA-TCGGCCGGCT-ACTTAGATGTTT-CACGTACG-TGTAACAGTT 26783770

Query 769 G-ATTTTTACTTACCAATTTCGTTCGG—CTTTTGATGC-G-GCACCGACCA-CT-CAAA

1 11II 1 III III 1111111 II II 1 II II 1 1 1 II 1 1 1 II MM

821

Sbjct 26783769 GTATTTT—CTTCCCA-TTTCGTTTGGGTCTTTT-AT-CAGTGTAC-G-C-ATCTTCAAA 26783718

Query 822 AACTATGAGTTAGTTCTA-ACATGGTTTCCTTGATGACAACGGACTTTTGAAGACTAGTG

1 11II III 1 II II 11111 1111II 1 III II 1 III II 111 II 11 Ml

880

Sbjct 26783717 A-CTAT-AGTGAATTTTACACATGTTTTCCTTT-TGAAAATG-ACTCTTGAAGACTTGTG 26783662

Query 881 CT 882

1 1

CT 26783660

>

Sbjct 26783661

Fig. 4.45 BLAST result of T-DNA flanking sequence of B-2-2 mutant using
T-RB2(TAIL-PCR) showing 87% identity with rice cultivar Nipponb ire at

Chromosome 11
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We searched the database using BLAST tool to identify any mutant (in other species)

corresponding to OsPE. Homologies with genes of known functions, specific tissue expression

patterns, and conserved motifs would have supported assigning function to OsPE, but in the

absenceof conserved domains in the protein coded by OsPE and phylogenetic relationship within

Oryza sativa indicate this to be a novel gene. Southern hybridization indicated the presence of

single insertion. BSA was done for linkage analysis of OsPE locus. Genome walking and TAIL-

PCR confirmed the position of insertion. RT-PCR confirmed the gene expression in the shoot

region. A detailed molecular characterization and mapping of the OsPE insertional mutant is

available through this study and RNAi and complementation analysis will greatly help in

validation of the assigned function to this novel gene.
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5. Discussion

Polyembryony (OsPE) mutant in the present study was generated from superfine

quality indica rice cultivar Basmati 370, through transformation with Agrobacterium

tumefaciens containing HmRDs construct. The independent insertional mutant showed

resistance to hygromycin (80 ppm) and the twin/triplet seedlings occurred at the

frequency of 15-20%. Polyembryonic seeds were also obtained in some F2 plants

generated from a cross OsPE/PRl06. The segregation pattern of the F2 plants was also

analyzed on the basis of hygromycin resistance and PCR amplification of hpt gene

fragment. The goodness of fit to the expected 3:1 ratio was observed among hpt +ve and

hpt -ve plants suggesting single insertion. Southern hybridization in OsPE using hpt

probe also indicated single T-DNA insertion. But the F3 seed data for polyembryony

unlike the hpt data did not segregate in the expected 3:1 ratio suggesting variable

penetrance and expressivity for the polyembryonic insertional mutant.

The penetrance is a qualitative and expressivity is a quantitative extent of

expression of a gene. Penetrance relates to whether a phenotype is expressed for a

particular genotype whereas expressivity relates to the degree to which a phenotype is

expressed after penetrance. Expressivity is thus dependent on penetrance (Krai, 1999). In

the homozygous OsPE insertional mutant, confirmed on hygromycin resistance and hpt

amplification, there was a maximum penetrance of 21% while the expressivity in these

seeds with polyembryony ranged from twin, triplet to a rare quadruplet embryos. In 138

F3 progenies, 96 gave hpt amplification whereas only 14 lines among them showed

polyembryony. The OsPE gene in F2 plants therefore had a penetrance of 14.5%. There

can be many factors (genetic/environmental) that affected the expression of
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policy i„ OsPE and thus the deviation from the ratio expected by Mende|ian
inheritance. Recently i„c„mple,e penetrance was also reported in AraiUopsis mutan, for
DYAD^TCH, TO i„ which diploid p,an|s ^^ ^ ^
(Maruthachalam et al, 2008).

The origin of multiple embryos in OsPE whether zygotic or apomictic is no, clear.
Multiple embryos with independent root and shoot axis were clearly attached to asingle +
scutellum suggesting that they might have originated from asingle zygotic embryo. The
OsPE was successfully crossed with PRI06 and the F2 population segregated for hpl,
polyembryony. plan, heigh, and other morphological traits differentiating the parents
sugges,s that the OsPE could be a, the most afacuhative apomic. The twin/triple, plan.s
from the polyembryonic seeds within the fourteen Fj progenies were morphologicaily
similar further suggests that the multiple embryos might have arisen through proliferation
from asingle zygotic embryo. In seeds with polyembryony. embryos differed in size and
early seedling vigour bo, later on grew to fertile plants with similar morphology.

The meiotic analysis of the pollen mother cells of OsPE indicated diploid (2„=
24) chromosomal number and normal meiotic cell divisions with ,2 lis a, metaphase I
and tetrads. In case of sporophytic apomicts (diplosporous and aposporous) embryo sac,
meioric .etrad is generally not observed. They are mosty p„,yploid, ye, several members
of the same or close.y related species are commonly diploids. Apomixis has the potential
,o revolutionize apiculture if its genetic basis is k™wn. However, the genetic control of
natural apomixis has remained obscure until quite recently, owing ,„ all the
eomplications of Mendelian genetics, such as epistatic gene interactions, components
•ha. are expressed sporophytically and gametophytically, expression modifiers,
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polyploidy, aneuploidy, segregation distortion, suppressed recombination etc, that seem

to have accumulated during the evolution of apomixis (Ozias-Akins and van Dijk, 2007).

Attempts to introgress apomictic trait from the wild relatives into maize and pearl millet

(Savidan, 2000, 2001) have not been successful.

BSA using the rice SSR markers in OsPE/PR\06 mapping population clearly

indicated that the OsPE gene is located on chromosome 3 and showed linkage with two

flanking markers RM14667 (2.17cM) and RM14645 (5.79cM). The SSR markers are co-

dominant, multi- allelic and available at a high density in the rice genome (one SSR per

157 Kb; McCouch et al, 2002). These markers can be used for identifying the target

region associated with the trait of interest. BSA approach has been used for molecular

tagging genes for several characters in rice namely blast resistance (Liu et al, 2005;

Sharma et al, 2005; Chen et al, 2007), bacterial blight resistance (Rao 2003; Yang et al;

2003; Qi et al, 2006) and for gall midge resistance (Biradar et al, 2004). In the present

study the mapping of OsPE on rice chromosome 3 using BSA has been further confirmed

with other reverse genetic approaches including genome walking and TAIL-PCR

involving amplification of T-DNA flanking region using T-DNA and adaptor based

primers.

To carry out genome walking and TAIL-PCR, nested primers were designed for

T-DNA right and left borders. No results were obtained using T-LB primers. This may be

because of the modification of T-DNA left border. According to McClean (1998) the

only structural requirement for T-DNA transfer is the TR direct repeat border. The T-

DNA transfer is in the right to left direction. The genes required for oncogenic functions

are linked with right border. Thus, when right border is used for T-DNA transfer, the
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genes required for the oncogenic functions are transferred, but when the left border is

used in lieu of the right border, transfer did not include these genes and transformation

did not occur. Many a times left border was found to have deletions during

transformation. In Aschyta rabiei, the T-DNA left border region contained deletion of

upto 72bp upon integration (White and Chen, 2006).

Using T-DNA right border nested primers along with adaptor primer (Genome

Walking) and arbitrary degenerate primer (TAIL-PCR), PCR amplification was obtained.

The PCR product was purified and sequenced. The location of OsPE gene on

chromosome was determined using japonica rice cultivar Nipponbare sequence.

Sequencing with T-RB2/AP2 (Genome Walking) and T-RB3 (TAIL-PCR) showed

significant alignment with the Oryza sativa cv. Nipponbare with only single hit at

chromosome 3. The T-DNA insertion is present in the promoter region of the candidate

gene Os03g0241300. The length of the candidate gene is 2.8Kb with 2 UTRs (1473bp

and 193bp),2 Exons (154bp and 935bp), and one Intron (81 bp).

To confirm the insertion on chromosome 3, primers were designed for rice

genome flanking the T-DNA borders. PCR was done in combination with the T-DNA (T-

RB) based primers and genome-specific primers. Amplification of expected size was

obtained in polyembryonic mutant but not in Basmati 370 confirming the insertion at the

specific region of chromosome 3. PCR with genome-specific primers gave amplification

in Basmati 370 and not in OsPE because of the insertion of approximately 10Kb

fragment of the T-DNA cassette which cannot be amplified by the Taq polymerase used

for the this PCR.
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The protein searched corresponding to the OsPE candidate gene sequence has

been reported as a hypothetical protein (Os03g0241300) in Oryza sativa. OsPE gene

lacked functional homologs in other species. Although using KEGG search around 401

sequences orthologous to OsPE were found through out the living kingdom but majority

had low identity value (> 40%). It most closely matched with the Vitis and Arabidopsis

hypothetical and unknown proteins, respectively. No OsPE paralog was found in rice. No

conserved domains were found in the protein coded by OsPE. Availability of homologs

genes of known function, specific tissue expression patterns and conserved domains

would have confirmed assigning function to this novel gene, OsPE.

Using the Promoter2 (Knudsen, 1999) and the Dragon Promoter Finder (DPF)

(Bajic et al, 2002) no TATA Box was found in the promoter region of OsPE where

insertion was present. It was found that the gene starts at 425bp downstream the promoter

region where transcription start site (TSS) was present. Many highly expressed genes

contain a strong TATA Box in their core promoter. However, in some large groups of

genes, like the housekeeping and photosynthesis genes, the TATA Box is often absent,

and the corresponding promoters are referred to as TATA-less promoters (Shahmuradov,

2005). In these promoters, the exact position of the transcription start point may be

controlled by the nucleotide sequence of the transcription initiation region (Inr) or the

recently found downstream promoter element (DPE), which is typically observed 30bp

downstream of the TSS (Smale, 1997; Burke and Kadonga, 1997).

RT-PCR using reverse transcribed mRNA and primers pair designed on intron/

exon junction, the expression of OsPE gene was found in Basmati 370 shoots and not in

roots. The expression profile of candidate gene suggested by EST counts showed
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maximum ESTs in seed (11/32357) followed by flower (23/136502) and panicle

(23/132789). The polyembryony is associated with seed where maximum ESTs were

found for the OsPE gene.

Full length OsPE gene was cloned in Basmati 370 on the basis of the sequences

obtained by genome walking and TAIL-PCR. The nucleotide sequence of the candidate

gene OsPE injaponica rice was used to design overlapping PCR primers and the OsPE

gene was amplified in Basmati 370 genomic DNA as the template. The sequence

obtained using corresponding forward and reverse primers were aligned to determine the

sequence errors and full length OsPE gene in Basmati 370 was obtained. BLAST search

was done for homologous sequence in Nipponbare japonica rice. Ten SNPs (Single

Nucleotide Polymorphism) and one gap were found in the OsPEcandidate gene sequence

as compared to Nipponbare sequence thus suggesting a total of 1% dissimilarity between

the two sequences. The predicted protein was searched and variation was found in only

two amino acids. The reported SNP varies form 0.53% to 0.78% between japonica and

indica rice subspecies (IRGSP 2005). With the minor differences in coding region the

OsPE gene is expected to translate a similar protein in Basmati 370.

The OsPE gene BLAST alignment against rice FST database (Rice Functional

Genomics Dataabase RiceGE) showed two hits. The OsPE gene has insertion in the

promoter region whereas FST searched insertions were found to be in the coding region.

No phenotypic description or associated annotations related to these insertions have been

reported.

In addition to polyembryonic mutants, identification for flanking sequences for

two more independent T-DNA insertional mutants (B-2-2, B-8-7) was done using TAIL-
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PCR. The insertion in B-8-7 mutant has been found to be present in the junk region

where as in B-2-2 the insertion is present in the coding region of chromosome 11. The

insertion in chromosome 11 of B-2-2 is present in the gene that codes for

Pectinmethylestrase (PME). The genomic regions encoding PME and its isoforms have

been isolated from several higher plants such as Brassica, Petunia, Arabidopsis and

Oryza sativa. All the three insertional mutants studied in the present investigation were

found to have T-DNA insertions in genes as reported earlier in Agrobacterium mediated

transformation (Nobutaet al, 2007; Hsinget al, 2007 and Jeon et al, 2000).

The present knowledge and material can be used for generating additional

insertions in the same allele or nearby sites using Ac/Ds system. The T-DNA cassette in

the insertional mutants has WmKDs. If rice with Ac element is crossed with these

insertional mutants, Ds can transpose to nearby sites to generate additional insertional

mutants for further insight in the candidate genes. This strategy has been used

successfully to establish large collections of insertional mutants in Arabidopsis (Alonso

and Ecker, 2006; Wing, et al, 2005; Lipshutz, et al, 1999) and rice (Kolesnik et al,

2004).

The validation of the candidate gene can also be done using RNAi technology.

RNA silencing has emerged as a major functional genomic tool to establish correlation

between gene and its function. RNA silencing has been successfully used in plants to

suppress specific gene functions (Singh et al, 2006; Anand et al, 2003; Miki et al,

2005). Most of the silencing experiments have been carried out for the model plant

Arabidopsis. Thus, the OsPE and other candidate genes can be validated using RNAi

approach.
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