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1.1: The cotton plant

Cotton is an angiospenn of the dicotyledon gi'oup belonging to the genus Gossypi"in. The

most distinctive feature of the plantis the cotton bon (Fig. I) which contains the cotton seed

with attached fibres (or hairs). Upon ripening, the bon bursts open, exposing a mass of long

pearly white fibres (Fig. I), in which the dark coloured seeds are embedded. Cotton is gi. own

primarily forthe use of these fibres, known as lintfibres, which are spun into yarns fortextile

I: Cotton

production. As well as these commercially valuable longer fibres, there are also shorter hairs

known as fuzz fibres. The cotton fibres have probably evolved as a protective or dispersal

mechanism forthe seeds(Burrows, 1975).

1.2: Development of the cotton fibre

Cotton fibre development can be divided into four distinct but overlapping phases: (a)

initiation, (b) elongation, (c) secondary cell wanthickening and (d) maturation (Naithani at

a1. , 1982).

A) initiation

The process offibre initiation starts in the period ranging from a day before to two days after

arithesis (flowering), with the initiating cells entering elongation immediately (Basra and

Malik, 1984). Both the lint and fuzz types of fibre are derived from individual GPidennal

cells of the outer wall of the ovules in the developing cotton fruit (Beasley, 1975; Fig. 2).

About 109"0 of the GPidennal cell population of the cotton ovule develop into fibres (Stewart,

1975). When fibre development begins, the differentiating cells of the GPidennal surface

enlarge and become rounded. Fibre initials first appear at the bottom of the ovule and



B

Figure I: Maturation of the cotton bon: (A) A nuturing cotton bon. Inside the bon (or fruit)
are the developing fibres attached to the cotton seeds. (B) Cotton fibres. After nutirration, the
cotton bon bursts open, to expose the white cotton fibres.
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Figure 28 Fibre initiation and elongation: (A) Cotton onule (50x mugnification).
Fibres (sumllwhite dots) ittitiate at all areas of the ovule except the nitcropylar end
(white arrow - top of ovule). The fibre initials first appear at the crest of the
funiculus (bottom of the ovule) and then around the sides of the ovule (B)
Elongating cotton fibre cells from four days post-arithesis fibres showing the nuclei
and nucleon, within the vacuole of elongated fibre cells (1000x mugnification)
(Stewart, 1975).



initiation then progresses around the sides (Fig. 2). The emergence offibre initials is delayed

by up to four days at the top of the ovule (Beasley, 1975).

B) elongation

Fibres that initiate elongation on the day of arithesis develop into lint fibres, while those

GPidennal cells initiating on subsequent days develop into fuzz fibres attaining lengths of

between 1.5 and 3.3 minimetres (Beasley, 1975). Elongation continues for 16 to 25 days with

lint fibres reaching lengths of 20 to 60 mm (Schubert at at. , 1974; Fig. 2). Both final fibre

length and duration of elongation are dependant upon environmental and genetic factors

(Basra, 1999).

C)secondary ce" wanthickeminig

Plants have two types of cell wall with the thinner primary cell wall being deposited during

fibre elongation (Beasley, 1979). The thicker and stronger secondary cell wants deposited

when elongation ceases and this deposition continues for several weeks. The secondary cell

wall, composed largely of cellulose, is deposited inside the primary wall (Schubert et al,

1974).

D) maturation

Maturation of the fibre occurs at about 50 to 60 days post-arithesis (DPA) when the fruit

capsule opens. The mature fibres desiccate and collapse to fonn twisted ribbon-like

structures (Basra, 1999).



13: The cotton genome

There are more than 50 species of the Gossypit, in genus including diploids and tetraploids

(Endrizzi, 1985). G. hirs"turn, which accounts for 90% of world cotton production, is a

tetraploid with a haploid chromosome number of 26 (Fehr and Hedley, 1980). The tetraploid

species are thouglit to have fomied througlithe hybridisation, and chromosome doubling, of

two ancestral diploid species I to 1.2 million years ago (Weride1, 1989). The diploid species

are categorized into seven distinct gr. oups, A-G, based on chromosome painng relationships

(Reinisch at o1. , 1994). G. hirs"turn is classified as having an AADD genome as a result of

the hybridisation of ancestral A and D genome species. G. herb@ce"in (A genome) and G.

rutmondii(D genome) are the extant diploids most similar to the genomes of the tetraploid

species (Weride1, 1989).

1.4: The future of the cotton fibre

Currently, the qualities that are being engineered into cotton relate to crop management issues

such as insect-resistance (Frutos et a1. , 1999), herbicide-tolerance (Schmidt, 1995) and stress-

resistance (John and Stewart, 1992). However, in the future the aims are to modify the fibre

to introduce new properties or to enhance existing properties such as length, strength and/or

fineness in order to produce a more desirable end product. Before this can be accomplished,

a fundamental understanding of how the fibre quality traits are biologically regulated must be

obtained (John and Stewart, 1992).

The developing cotton fibre is an attractive experimental system because the fibre cells

originate and end as a single cell and thus elongation can be studied free from the

complications that arise from cell division (Basra and Malik, 1984). Therefore, in addition to



its economic importance as a natural textile fibre, the developing cotton fibre is an excellent

modelsystem forumavelling the fundamental processes of plant cell growth.



2.1:TVIADS-box genes act as homeotic genes

The terni'MADS-box gene' was first used ten years ago to describe a family of genes that

encode DNA-binding proteins that is conserved in plants, fungi and animals (Schwarz-

Sommer at o1. , 1990). The name was derived from the four founding members of the family:

^CMT (Saccho"Qinyces cerevisi@e), ,^, GAMOUS (Archz^opsis thingrig), ^EFTCIENS

2:1\^IADS-box

(Anti7rhint, in in4/1, s) and ^. RF (Serum Response Factor from Homo sapiens). The proteins

were found to possess DNA-binding and dimerization functions and acted as transcription

factors (Schwarz-Sommer at a/., 1990).

erues

implants, some mutations in MADS-box genes were observed to cause phenotypic changes in

which one type off10ral organ (sepals, petals, stamen and camels) would develop in the place

usually occupied by a differenttype off10ralorgan (Riechmann and Meyerowitz, 1997). This

type of mutation is analogous to homeotic gene mutations observed previously in animals

where mutations alter the identity of body segments (Theissen at a!., 2000).

2.2: Structure of I^^IADS-box proteins

Within each protein of the MADS-box family there is a region of 56 amino acids, tenned the

MADS-box, which is hig}11y conserved between all members, with nine amino acid residues

identical in allspecies (Fig. 3). The MADS box is the major detenninant of DNA binding,

but also perfonns a role in dimerization (Shore and Shamocks, 1995).

Another conserved region in MADS-box proteinsisthe K-box, which is particularly weI
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Figure 38 Mans-box domain alignment. The MADS-box dormiiis of the four founding members of
the MADS-box faintly (AGAMOUS from Arabidopsts than"@; DEFICIENS from Antirrhi"I'm ingi"s;
MCMl from Sacch@romyces cerevisiae and SERUM RESPONSE FACTOR from Homo sapiens) as
wellas Mans-box regions from three other proteins(SQUAMOSA, PLENA and GLOBOSA from
Antirrhi""in inqj"s). The mme identical residues in all MADS-box proteins are indicated by a red
asterix ( ), while eight other residues positions, which are highly conserved are indicated by a blue
asterix ( ). At each position, the residues shaded in black are those that are identical or chentically
conserved, while lighter shading of residues at one position indicates a weaker levelofconservation.
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conserved in a region containing hydrophobic residues (Fig. 4) which have a spatial

arrangement that may pennit the fomiation of or-hences as seen in the keratin coiled coil

motif (Ma at a1. , 1991). It is believed that this region allows MADS-box proteins to interact

with each other to fonn dimers (Riechmaim and Meyerowitz, 1997).

Between the MADS-box and the K-box is a region ternied the intervening, or I, region (Fig.

5) which is much more variable in both sequence and length, being only weakly conserved.

in plants, the I region is important for the specificity of dimerization (Riechmami at o1. ,

1996).

The MADS-box is usually located at the amino tenninus of the protein, butsome members of

the family have an amino tenninal extension (N-region) that is variable in length and

sequence (RIGchmaim and Meyerowitz, 1997). The Garboxy-terniinalregion (C-region) of the

MADS-box protein is also weakly conserved and variable in length, and has a suggested role

in multimerization (Reichinann and Meyerowitz, 1997).

2.3: ABC(DE) modeloffloralorgan identity

Studies off10ral development in two plants, ,;Irabidopsis thongna and Antirrhint, in in4/18, led

to the derivation of the 'ABC model' off10ral organ identity. The model was built around the

observation that homeotic mutations in plants changed the identity of floral organs in two

adjacent whorls of a flower (COGn and Meyerowitz, 1991). Flowers have four concentric

regions (whorls) with each being occupied by a differenttype off10ral organ (Fig. 6). There

are four types of floral organ, sepals, petals, stamen and carpels, with the outennost whorl

being dictated as whorl one (sepals) (Riechmarm and Meyerowitz, 1997).
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Figure 68 Schematic representation of a flower: The four concentric whorls of
a flower are represented above and are conventionalIy numbered from whorl one
(sepals)to whorlfour (carpels). (Adapted from Saedler and Hunser, 1995).
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Figure 7 - ABC(DE) model of floral organ identity: A schen^tic longitudinal
section through a flower. The action of class A Mans-box genes alone
determines the development of sepals, A, B and E that of petals, B, C and E that of
stamen and C and E that of carpels. Class A genes repress class C genes in whorls
one and two and C class genes repress A class genes in whorls three and four.
Class D genes dictate ovule identity (Adapted from Coen and Meyerowitz, 1991).
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Three classes of mutant were observed to affectthe morphology of the whorls - designated as

class A (affecting whorls one and two), class B (affecting whorls two and three) and class C

(affecting whorls three and four). According to the ABC model, specification of whorl one

(sepal identity) is therefore dictated by class A genes, whorltwo (petal identity) is dictated by

a combination of class A and B gene activities, whorlthree (stamen identity) by a

combination of class B and C gene activities and whorl four (carpelidentity) by class C genes

(COGn and Meyerowitz, 1991; Fig. 7).

However, the ABC modelhasrecently been amended to include D and E function specifying

genes.

identity (Cheng at a/., 2000). However, ectopic expression of these genes (ABCD) was not

Class D genes were identified in petunia (Petunia hybrid@) as specifying ovule

sufficient to result in transfonnation of leaves into floral organs (Pelaz et a1. , 2000). The

functions of the B and C class genes were shown to require the activities of three redundantly

functioning MADS-box genes, Sepoll@to I to SE;palmta 3, designated as having E function

(Palez at a1. , 2000). Ectopic expression studies, using either A, B and E or B, C and E

function genes were able to transfonn leaves into petal- or stamen-like organs respectively

(Hornna and Got0, 2001). All of the genes identified as being involved in the ABC(DE)

modeloffloralorgan identity havebeen characterized as MADS-box genes.

2.4:I\^IADS-box gene function

MADS-box genes were first extensively characterised for their roles in reproductive organs,

where they control floral menstem and floral organ identity (see section 2.3). However,

MADS-box genes have since been identified that are expressed predominantly or exclusively

in tissues other than the flower. The differential expression of some MADS-box genes has



indicated that they may have roles in trichome development (A1vanez-Buylla, 2000), root

development(Rowisley eta1. , 1995; A1vanez-Buylla, 2000), the transition from vegetative to

reproductive development (innnink et a1. , 1999), ovule development (Angenent et a1. , 1995;

Lopez-Dee at at. , 1999), fruit development (Gu at o1. , 1998; Yao at at. , 1999; Sung at at. ,

2000), embryogenesis (Heck at at. , 1995; Peny at at. , 1999; Feinandez at at. , 2000) and seed

coat development(Buclmer, 1998). These studies have not yet demonstrated the role of the

MADS-box gene product in the relevant tissue but they suggest that the genes may be

involved in the momhogenesis of plant organs other than flowers (Vergara-Silva et a1. , 2000)

MADS-box gene transcripts have been detected in a number of different cotton tissues,

including elongating fibres and whole ovules (Orford, unpublished). This is of interest when

considered in combination with the likely involvement of MADS-box genes in developmental

processes other than floral organ identity. This suggests that MADS-box genes may play a

role in the development of the cotton fibre.



3.1: inRNA processing

Precursor RNAs, or pre-manAs, of eukaryotic organisms are processed after transcription.

The transcripts have 5' cap and 3' poly A tailstructures added and they undergo removal of

introns and subsequentjoining of the flanking exonic regions (Goodall at a/., 1991). intron

3: Alternative s Iicim

excision is mediated by a ribonucleoprotein complex, the spliceosome, which assembles on

each intron. Spliceosomes recognise an intron by consensus sequences at its 5' and 3' ends,

and also by the different base composition of introns compared with exons (reviewed by

Simpson and Finpowicz, 1996). Splicing involves two transesterification reactions and can

be simplified in two steps:

(1) The 5' end of the intron is cleaved and attached to an adenosine nucleotide within

the intron to fomi an intron lariat structure. The adenosine is within a semi-conserved

region in the intron known as the branchpoint(Fig. 8).

(2) The 3' end of the intron is cleaved and the 3' and 5' exon ends are Iigated together.

The intron is released as a lariat and degi'aded (Fig. 8).

3.2: Mechanisms of alternative splicing

Organisms use a mechanism known as alternative splicing, whereby introns can be processed

in alternative ways to give different inRNA products and therefore different proteins.

Alternative splicing can be accomplished by a number of different methods:

. The skipping of entire regions that are usually exons;

. The inclusion of regions that are usually introns;

. Selection of different 5' and 3' splice sites to include regions that are usually intronic

or to exclude regions that are usually exonic.
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Figure 88 Mechanism of pre-manA splicing: Introns are excised in a two step
process. The firststep involves cleavage at the 5' splice site with fonnation of an intron
ladot at an adenosine nucleotide by the forlintion of a 2'-5' phosphodiester bond. The
adenosine nucleotide is within a weakly conserved region called the branchpoint,
usually 18-40 nucleotides upstream of the 3' splice site (A to B). Secondly, the 3'
splice site is cleaved and the exons are Iigated together. The intron ladotis released to
be debranehed and degraded (B to C).(Adapted fromMCKeowii, 1992)
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3.3: The role of alternative splicing

The selection of different combinations of splice sites within the precursor inRNA generates

different mature rill^NAs and therefore different proteins, from a single gene (Smith and

Valcare1, 2000).

developmental-stage-specific mariner (Chabot, 1996). Some alternative splicing events are

constitutive, with the variants being maintained at constant ratios, while others are regulated

by cues that are given in either a spatial or temporal mumer. Structural and functional

Alternative splicing is often tig}ItIy regulated in either a cell-type or

differences can be introduced into the protein product by altering the nucleotides that are

included in the fully processed inRNA (Lopez, 1998).

Transcription factors, including the MADS-box family, are modulated proteins with distinct

regions playing specialized roles in different processes (Mitchell, 1989). It makes sense that

the alternative splicing mechanism has evolved to regulate the inclusion or exclusion of

sections of pre-inRNA that encode specific domains of a protein to allow different functions

to be conferred upon the potential proteins (Lopez, 1995). Alternative splicing has been

found to be a feature of MADS-box gene expression in both plants and animals (Schmitz at

at. , 2000).

3.4: Alternative splicing of TVIADS-box transcripts in mammals

There are many well-characterized alternatively spliced inarirrnalian MADS-box transcripts

such as inurine SRF (serum response factor). Compared to the major SRF transcript, an

alternatively spliced transcript, SRFA5, lacks a portion of the C-tenninal region and was

shown to play an important role as a dominant negative regulator in muscle differentiation

(Belaguli eta/., 1999). The protein was able to fomidimers and bind DNA but was deficient



for transactivation and therefore, in specific tissue types, acted to repress SRF promoter

activity (Belaguli at a/., 1999).

Muscle myocyie enhancer focior-2rt, 2C and 20 are further examples of A^DS-box genes

that undergo extensive alternative splicing to give both muscle-specific and ubiquitous

expression of different protein isof onns. Mutually exclusive exons are used in different

muscle tissues to confer different functions to proteins in different tissue locations (reviewed

by 01son at at. , 1995).

3.5: Alternative splicing of I\^IADS-box transcripts in plants

In barley, the MADS-box gene BMl is spliced alternatively at the 3' splice site to give two

transcripts, BMl and BM1-2 of which BM1-2 was found to be preferentialIy expressed in all

tissues (Schmitz at @I. , 2000). The two putative proteins differ by two amino acids with the

BMl protein having an extra 16ucine and glutamine at the end of the second amphipathic or-

helix (Fig. 4). It was suggested that the 16ucine and glutamine in BM1-2 would modify the

amphipathic nature of the predicted or-helix by extending the hydrophobic region by one

amino acid. This may modify the specificity of protein/protein interactions for the second

protein (Schmitz at at. , 2000).

in maize, alternatively spliced genes such as ZEMt^ which encodes transcripts ZEMl to

ZEM5, have been identified (Montag at a1. , 1995). DifferentialIy spliced fomis were shown

to be preferentialIy expressed in differenttissues. The ZEMl to ZEM3 transcripts were found

to encode putative proteins with very short regions C-tenninal of the MADS-box and

consequently lacked the entire K-box (Fig. 5). This region is involved in dimerization and



tertiary protein interactions, and as such, the proteins may have different dimerization

activities (Montag at at. , 1995).

Another example of an alternatively spliced MADS-box gene was found in the wild rose

(Rosa rugos@), where six MADS-box containing CDNA clones were identified, MASAKO

Clto MASAKO C6, arise vin alternative splicing from a single transcript. MASAKO C2

and C4 were found to have an additional senne residue, inlinediately C-tenninal of the

MADS-box, due to different 3' splice sites selection compared with the other fourtranscripts

(Kitaliara and Matsumot0, 2000). At the corresponding position another MADS-box gene,

MEF2C, is known to have a senne residue that was shown to enhance DNA-binding and

transcription activity when phosphorylated (Molkentin at a1. , 1996). Therefore, the

differently spliced MASAKO C2 and MASAKO C4 protein products may be phosphorylated

and have different activities compared with the other variants (Kitahara and Matsumoto,

2000).

MADS-box CDNA clones PrMADS 4 to PrMADS 9 were isolated from Pinus rod^^to and

shown to arise via alternative splicing from one transcript (Walden at o1, 1998). While both

proteins would possess the C-tenninal region, the putative protein derived from PrMADS 8

would have 14 residues missing at the 3' end of the K-box and PrMADS 7 would completely

lack the K-box. The authors suggested that the proteins lacking the K-box iniglitregulate the

activity of specific proteins by a dominant negative mechanism.



Whilst MADS-box genes were originally identified as regulators off10ral organ identity, they

have been implicated in a number of other developmental processes such as root

development, embryogenesis, trichome development, the transition from vegetative to

reproductive development, ovule development, fruit development and seed coat development

minany different plantspecies (reviewed by Krogan and Ashton, 2000; Jack, 2001).

4: Previousla. b work

MADS-box gene transcripts were first discovered in cotton fibre cells when a sample of

CDNA from 12 DPA cotton fibre was used as a positive control in an unrelated experiment

(Doriati, 1997).

detected in elongating cotton fibres (Orford, unpublished), and full-length CDNAs

corresponding to these transcripts were obtained (Malone, 2000).

Four different MADS-box transcripts (6.1, 6.2, 12.2 and 24.11) were

Two of the transcripts were shown to correspond to inRNA splice variants, namely 24.11A

and 24.11B. The CDNAs were very similar to each other except that 24.11B was found to

contain an extra 120 bp section of sequence flanked on either side by characteristic intron

splice sites. It was suggested that the 120 bp of extra sequence represented an unspliced

intron (Malone, 2000). This supposition was supported by the presence of several bands of

different sizes after RT-PCR offibre inRNA, indicating differentlengths of inRNA between

the primers. A PCR product from the corresponding region of cotton genomic DNA,

24PCRl, was sequenced and shown to contain the 120 bp insertion that was present in

24.11B. When aligned against 24.11A and 24.11B, the genomic sequence had three other

likely intronic regions that were spliced out to give 24.11A and 24.11B (Malone, 2000).

XVll



The presence of differently sized transcripts amplified by the RT-PCR and the intron-like

sequences in the genomic PCR clone led to the proposal that the differently sized bands were

the result of alternative splicing events in which intronic regions were not being removed

(Malone, 2000). Of particularinterest was the observation, based on a preliminary result, that

the levels of some of the larger sized transcripts reduced over time in the developing cotton

fibre cells (Malone, 2000). This suggested specifically regulated differential splicing of this

MADS-box gene in developing cotton fibres that was not observed forthe other MADS-box

transcripts (6.1, 6.2 and 12.2) that were identified.



The broad aim of this project is to confimn and characterise the differently sized 24.11

transcripts observed after RT-PCR of cotton fibre inRNA and to detennine whether or not

they are alternatively spliced inRNAs from a single gene. This will be done by repeating the

RT-PCR experiment and using Southern analysis to verify that the differently sized variants

are similar in sequence to 24.11A, 24.11B and 24PCRl and may, therefore, be derived from a

5: Pro^Ct aims

single transcript. The PCR products will be cloned and sequence data from the different

transcripts compared with the previously sequenced transcripts (24.11A and 24.11B) and the

genomic PCR clone to investigate the presence and extent of alternative splicing in the fibre

tissue. Then, if time pennits, a genomic library screening method or a genome walking

approach will be used to find the gene that corresponds to the CDNAs.
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Background

The MADS-box family of proteins consist of transcription factors that are defined by the

presence of a 56 amino acid DNA binding domain ternied the MADS-box (Fig. I). This

domain is wellconserved between allmembers of the MADS-box family across a diverse

range of species. The MADS-box domain is involved in DNA binding and dimerization

Introduction

and is the most conserved region of the MADS-box protein (Shore and Shamocks, 1995).

another region of the protein, the K-box, is also well conserved, but much less so than

the MADS-box. The K-box is approximately 70 amino acids long and plays a role in

IvlADS-box protein dimerization. The dimerization between MADS-box proteins is

believed to be mediated by two putative amphipathic or-hences within the K-box region

(Riechmami and Meyerowitz, 1997). Also presentin the typical MADS-box protein are

the intervening, N-terniinal and C-terniinalregions. The C-tenninalregion is involved in

multimerization of MADS-box proteins, while the intervening region plays a minor role

in datennining the specificity of dimerization (Riechmarm at a1. , 1996)).

MADS-box genes have been extensively investigated and characterized because of their

roles in floral organ identity in plants. mactivating mutations in MADS-box genes result

in phenotypic changes, where one type off10ral organ (sepals, petals, stamen or carpels)

develops in the location usually occupied by an alternative type of floral organ

(Reichmaim and Meyerowitz, 1997). This type of mutation is analogous to mutations in

homeotic genes in animals which resultin altered body segment identity (Theissen at a/.,

2000).
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Figure I: Typical 1/11ADS-box protein structure.
The Mans-box domain is the most litglily conserved region of the protein, followed
by the K-box. The intervening (D, N-tenninal(N), and C-terniinal(C) regions varyin
sequence as well as length between different MADS-box proteins. The regions of
protein that are kilown to be required for various functions (DNA binding,
dimerization and multimerization) are indicated by square brackets below the protein.
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Althougli MADS-box genes were initially studied because of their role in floral organ

identity, they have since been implicated in a variety of other processes. MADS-box

gene transcripts have been detected that are specifically expressed in tissues other than

flower, indicating that MADS-box genes may have roles in other developmental

processes. Based on theirtemporal and spatial patterns of expression, MADS-box genes

have been implicated in root development, inchome development, the transition from

vegetative to reproductive development and seed coat development, (reviewed byKrogan

and Ashton, 2000 and Jack, 2001), althouglino functional studies have been pertonned to

demonstrate the biological significance of this tissue specific expression for these genes.

Thus, based on expression studies, MADS-box genes are implicated as transcriptional

regulators in many fundamental gi'owth processes and, since MADS-box gene transcripts

have been detected in elongating cotton fibre cells (Offord, unpublished), it seems

reasonable to predictthattheymayhave a role in the elongation of cotton fibre cells.

Previous work

MADS-box transcripts were detected in cotton fibres from Gossypiz, in hirs"turn (cultivar

Siokra I-4) fibre cells when a sample of 12 DPA (days post arithesis) cotton fibre CDNA

was used as a positive control for a reverse transcription PCR (RT-PCR) experiment

using Oxalis (Doriati, 1997). Two primers, MADSS and MADSQ, which bind to regions

in the MADS-box domain were used (Miller at a1. , 1995; Fig. 2). Because this domain is

highly conserved, the primers were expected to amplify the corresponding 150 bp region

of MADS-box genes from different plant species. This experiment amplified a 150 bp

band from the sample of 12 DPA cotton fibre. in a subsequent RT-PCR experiment

using the same primers, four distinct MADS-box transcripts, namely 6.1, 6.2, 12.2 and
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Figure 2: Primer binding sites.
Theregions of the MADS-box gene amplifiedbytheprimerpairs MADSS and
MADSQ; 24APCR5 and 24BPl. in previous studies the MADSS and
MADSQ primers have been used to amplify the litglily conserved MADS-box
region from different species. filthis project, 24APCR5 and 24BPl are used to
amplify the K-box as well as flanking regions from the intervening (D and C-
terniinal(C) domains.
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24.11, were detected in elongating cotton fibre cells of various ages (Offord,

unpublished) and full-length CDNAs corresponding to these transcripts were obtained by

screening a 12 DPA cotton fibre CDNA library (Malone, 2000). Two CDNAs, 24.11A

and 24.11B, were found to correspond to 24.11 inRNA variants (Malone, 2000). These

CDNAs were very similar except that 24.11B contained an extra 120 bp section of

sequence that was flanked by characteristic intron splice sites (Fig. 3). It was suggested

that the 120 bp section of sequence represented an unspliced intron (Malone, 2000).

Gene-specific primers, 24APCR5 and 24BPl(Malone, 2000; Appendix A; Fig. 2), were

then designed to be complementary to more variable regions of the MADS-box gene

the I and C-terniinalregions. These primers were designed based on differences between

the four identified cotton MADS-box transcripts (6.1, 6.2, 12.2 and 24.11). To test

whether the primers were gene specific, a PCR was perfonned on genomic cotton DNA

and the products were analysed by gel electrophoresis (Fig. 4). Extension product of only

one size was amplified from genomic DNA with the primers, suggesting that they are

specific to only one genomic region, althougliitis possible that other MADS-box genes

of similar size and with similarprimerbinding sites were also amplified.

RT-PCRs using the same pair of primers were conducted on samples of total RNA from

cotton fibre, leaf, flower, stem and root tissues. RNA from fibre at five different stages:

O, 6, 12, 18 and 24 DPA was used. At least five differently sized transcripts were

amplified by the primers specific for 24.11 inRNA. These are shown in figure 5, where

the major species is a prominant band at 370 bp, which corresponds in size to 24.11A

(expected size of 373 bp), while a weaker band of about 490 bp that corresponds to

24.11B (expected size of 493 bp) is also present. There are also larger bands of

5



24 . I. LA

24. JIB

24PCRL

24APCR5+

CGAGGGTCTGTGGCTGAAGCCAACATTCAG------------------------------
CGAGGGTCTGTGGCTGAAGCCAACATTCAG------------------------------

GTCCATATTACCTGATTTACTAAATCCGAGGGTCTGTGGCTGAAGCCAACATTCA
******************************

24 .LLA

24. JIB

24PCRL

24 . 1.1. A

24 . L, .B

24PCRl.

------------------------------------------------------------

ATTGGCTATCACTTGGTAGGGCATGAGAGGATCCTATTCCACTTGGTTTTTGTGTCGTTT

24 . I. LA

24 .TLB

24PCR, .

TCTCATTCTCTTAACTCACTCTTCTTTCTCTTTATATTATATGATACTAATGTTATAAAA

24 .LLA

24 . ,.,. B

24PCRl.

----------TTCTACCAGCAAGAAGCCACCAA. ACTCCGACGACAAATTCGTGATGTTCA
----------TTCTACCAGCAAGAAGCAACCAAACTCCGACGACAA. ATTCGTGATGTTCA
ATTACCTC TTCTACCAGCAAGAAGCAACCAA. ACTCCGACGACAAATTCGTGATGTTCA

***************** ********************************

24 . 1.1. A

24 .TLB

24PCR, .

GAACATGAACAG----------------~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

GAACATGAACAG----------------~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

CTCCTATCAATTTCTCTTCTTCTTCCTACACTCTATATCTATATCTGAACATGAACA
************

24 . ,. LA

24. JIB

24PCRL

------------------------GCATATCCTTGGAGAGGCTCTGAGCTCATTGACCTT

------------------------GCATATCCTTGGAGAGGCTCTGAGCTCATTGACCTT

ATATACGAATGATGTTTGTTGC CATATCCTTGGAGAGGCTCTGAGCTCATTGACCTT
************************************

24 . I. ,. A

24. JIB

24PCRl.

TAAGGAACTCAAGAACCTTGAAGGCAGGCTGGAGAAAGGCATTTGTAGAATCAGATCCAA
TAAGGAACTCAAGAACCTTGAAGGCAGGCTGGAGAAAGGCATTTGTAGAATCAGATCCAA
TAAGGAACTCAAGAACCTTGAAGGCAGGCTGGAGAAAGGCATTTGTAGAATCAGATCCAA
************************************************************

24 . ,.,. A

24 . L, .B

24PCRl.

G--------------------------------------------------------

TCA CTAAAA

TTTTGTTTTGGTGTATATTAAAATCTTTCATTCTTTCCTTCCATCTTAATCTCTAAA
****

24 . a. ,. A

24 .LLB

24PCR, .

------------------------------------------------------------

ATrcc Ace TTTGT'

TTGTTTGTTTATTATATGGAATAAAATATCGTTATTCACTCACCACATTCTCCAACTCTA

----AACGAATTACTGTTTGCAGAAATTGGATTCATGCAAAAGAGG----
A CGAATTACTGTTTGCAGAA. ATTGGATTCATGCAAAAGAGG--------------

CTTTCATCCCGAATTACTGTTTGCAGAAATTGGATTCATGCAAAAGAG
******************************************

24 .ITA

24. LIB

24PCR, .

CC

24 . ,. LA

24 .JIB

24PCR, .

------------------------------------------------------------

------------------------------------------------------------

CTACTTGGTCTATTTATTTATAGGCTAGTTAACTCAAAACCCGGTGTATAGCTGGTTTAG

24 .ITA

24. JIB

24PCR, .

------------------------------------------------------------

------------------------------------------------------------

AAGCAATCTTGAGTATGTTAATTCATCCATCATTAGCTTGAAAAGAAAAAAGAGGATTGT

24 .LLA

24 . ,.,. B

24PCR, .

---------------------------------------------------------

------------------------------------------------------------

ATAAATTGATATCCTCAAACCCCATTGTAGTTTCATCTTCAGAA. TCTTTAATTTGTTAGA

------------------------------------------------------------

------------------------------------------------------------

CACTATACAAGATATAAGTGATAGCATAAAAGTCGTCGTCTTAATTATTAACAGCTGTAA



24 . Ll. A

24. JIB

24PCR, .

24 . ,.,. A

24 . ,.,. B

24PCRL

AATGGGTATATAATTTCT

24 . 1.1. A

24. JIB

24PCR, .

AA

AA

**

24 . L, .A

24. JIB

24PCRl.

GCCTCTCTGCCTAATGAATAAGCCTCTCTGCCTAATGAATTTCAACTATAGATG

GinGTTGAACTGCAGAACGATAACATGTACCTGCGAGCAA
GAAGTTGAACTGCAGAACGATAACATGTACCTGCGAGCAA

AAGTTGAACTGCAGAACGATAACATGTACCTGCGAGCAA
****************************************

GAGATGTTGGGTGTTGATCATGATTAAAATAGATGCATGGATATATGGATGC

24 . I. ,. A

24. JIB

24PCR, .

GAAAATGAAAGAGCGCAACAACAATCAAACCAGCTGATGCAAGCAGCCTCCTCCTACAAT

GAAAATGAA. AGAGCGCAACAACAATCAAACCAGCTGATACAAGCAGCCTCCTCCTACAAT

GAA. AATGAAAGAGCGCAACAACAATCAAACCAGCTGATACAA. GCAGCCTCCTCCTACAAT
************************************** *********************

<--24BP, .

CGCAACTTTCTGCCAGTAAACCTGCTGGAAC

CGCAACTTTCTGCCAGTAAACCTGCTGGAAC

CGCAACTTTCTGCCAGTAAACCTGCTGGAAC
*******************************

Figure 3: Alignment of the genomic PCR clone, 24PCRl, with I^11ADS-box
CDNAs, 24.11A and 24.11B.
The anglument of the previously sequenced CDNA clones, 24.11A and 24.11B,
with the genomic PCR clone, 24PCR1. 24.11A appears to contain five putative
introns while 24.11B contains only four. The 120 bp section of sequence that is
present in 24.11B but absent in 24.11A is illustrated in gi'Gen. Characteristic
splice sites are highliglited in blue and the two primer binding sites are
highliglited in yellow.

ATAGCT

ATAGCT

TAGCT
******

373 bp
493 bp

11.12 bp
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Figure 4: Amplification of genointcDNA and CDNA clones.
The two primers 24APCR5 and 24BPl that were designed to be specific to the
24.11transcript amplified a single band from genomic DNA of G. hirs"ruin. The
amplification of only one band (1.1 kb) suggests that the primers may be gene
specific. Two positive controls, 24.11A and 24.11B, were used and ran at their
expected sizes of 373 bp and 490 bp respectively. A negative control for the PCR
was perfonned, and showed no amplification.
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Figure 5: RT-PCRofmRNA from cotton tissues.
24APCR5 and 24BPl were used to amplify the reverse transcription products of
inRNA from cotton fibre (0, 6, 12, 18 and 24 DPA), leaf, flower, stem and root
tissues (Matone, 2000). Two positive controls of known size (24.11A and 24.11B),
and onenegative controlto which no DNA was added, were also amplified by PCR.



approximately 580 bp, 780 bp and 890 bp. It is possible that there are also products of

other sizes, but they cannot be clearly seen on this gel due to their relative lack of

abundance compared with themajor370 bp species.

The observation of multiplebandsin the electrophoresis of the RT-PCR is averyunusual

result because RT-PCR experiments do not usually amplify multiple bands. RT-PCRs

pertonned on the other three 150 bp transcripts (6.1, 6.2 and 12.2) revealed only single

bands (Malone, 2000).

representing a pre-inRNA population that has not been fully processed but instead it is

much more likely that alternatively spliced final inRNA are being amplified.

Althougli RT-PCR is only semi-quantitative, it is likely that some of these transcripts are

It is therefore very unlikely that the gel electrophoresis is

expressed at differentlevels in differenttissues. The leafand stem samples showed only

the 370 bp band while no extension products were produced from the roottissue. Flower

tissue showed expression of a set of bands (370 bp, 490 bp, 580 bp, 780 by and 890 bp)

that were similar to those amplified from the fibre tissue (Malone, 2000).

A genomic PCR clone of this region was obtained by amplifying genomic DNA with the

primers 24APCR5 and 24BPl. The hypothesis that 24.11B is a inRNA variant of 24.11,

with an extra 120 bp section of sequence is supported by the presence of the 120 bp

section in the genomic clone, when it is aligned with 24.11A and 24.11B (Fig. 3). This

alignnent also indicated that there are other introns that are spliced out to give the

24.11A and 24.11B inRNAs (Malone, 2000). As can be seen in figure 3, there appear to

be five introns spliced from the sequence of 24.11A and four introns spliced from

24.11B, all flanked by characteristic intron splice sites when compared to the genomic

10



sequence. For dicot plants, the firsttwo nucleotides at the 5' end of an intron are 5'-GT-

3' or 5'-GC-3' and the last two nucleotides of an intron, at the 3' end, are 5'-AG-3'

(Goodall at a1. , 1991). The presence of these characteristic splice sites flanking each

'gap' further suggests that they are indeed introns.

The presence of differently sized transcripts in the various cotton tissues, as revealed by

the multiple RT-PCR products, indicates that there are inRNAs of different sizes present.

The genomic clone ajigrmient (Fig. 3) and the presence of differently sized RT-PCR

bands (Fig. 5) suggest that the presence of differently sized transcripts may be due to the

inclusion of the intronic regions in a series of RNA molecules related to 24.11A and

24.11B. It is possible that some sort of alternative splicing mechanism may be acting to

differentialIy splice the pre-inRNA to include some regions that are spliced from 24.11A

and 24.11B. Such alternative splicing is a feature of other MADS-box genes in both

animals and plants (Thai^en at at. , 1996).

Aims of the project

The broad aim of this project was to investigate the possibility of alternative splicing of a

cotton A^DS-box gene. Specifically, the first aim of the project was to repeat the RT-

PCR and then clone and characterise the differently sized transcripts to detennine

whether they may be alternatively spliced inRNA. Iftime allowed, the second aim of the

project was to obtain the gene from which these transcripts arise.



Previous work detected four distinct MADS-box transcripts expressed in cotton fibre

cells (Orford, unpublished). To investigate these transcripts, reverse transcription was

pertonned on total RNA from several differenttissues. The tissues used were 0, 6, 12, 18

and 24 DPA fibres, as well as leaf, flower, stem and root. The region studied in this

projectis the K-box with some flanking intervening (1) and C-tenninal(C) regions. With

the use of the 24APCR5 and 24BPl primers (Fig. 2) this region was amplified by PCR

and the products analysed by gel electrophoresis.

Part A: RT-PCR anal sis

A1: RT-PCR conditions

Previously, total RNA had been isolated and DNase treated to digest any genomic DNA.

Total RNA from each tissue was reverse transcribed using 45 1.1M ongo (dT) and M-

MLV (Moloney Murine Leukemia Virus) reverse transcriptase (Promega). PCR was

perfonned on 100 rig of reverse transcribed template from the different cotton tissues

using the gene-specific primers 24APCR5 and 24BPl. PCR conditions used were

denaturation at 94'C fortyo minutes followed by 30 PCR cycles of denaturation at 94'C

for 30 seconds, primer amGaling at 65'C for 30 seconds and extension at 72'C for I 1/2

minutes with final extension at 72'C for 4 minutes.

Two negative controls were used for the RT-PCR and for future experiments. The first

was a PCR control containing no DNA template, which it was anticipated should yield no

amplification products during PCR. The second was an RT-PCR controlwhich consisted

of a 6 DPA cotton fibre RNA template to which reverse transcriptase had not been added.

The purpose of this control was to test whether there was contaminating genomic DNA

present in the sample due to incomplete DNase treatment. Three positive controls of

12



known sequence and size were also used throug}IOUtthe experiment. 24.11A, 24.11B and

24PCRl were amplified under the same conditions and analysed by gel electrophoresis to

verify that the PCR was successful and that the products ran at their expected sizes of 373

bp, 493 bp and 1/12 bp respectively.

A2: Actiri control

Actin inRNA was used as a control forthe PCR because there is evidence it is expressed

at a relatively constant levelthrougliout all plant tissues (Shimizu at a1. , 1997). This

allowed a 'calibration' of the RT-PCR experiment: the actin control was used to indicate

the relative proportions of RNA presentin the tissue samples, and this was then taken

into account when the RT-PCR products amplified from the tissues were compared.

The templates from the reverse transcription were amplified by PCR using the actin-

specific primers ACTF and ACTR (Appendix A). PCR conditions were: denaturation at

94'C fortwo minutes followed by 25 PCR cycles of denaturation at 94'C for 30 seconds,

primer umealing at 65'C for 30 seconds and extension at 72'C for I minute and then

final extension at 72'C for 4 minutes. The products were analysed by gel electrophoresis

on a 1.5% agarose gel(Fig. 6).

Analysis of the products of the actin control by gel electrophoresis revealed that 120 bp

products from each tissue sample were amplified as anticipated (Shimizu ei a1. , 1997;

Fig. 2). The gel electrophoresis revealed high levels of actin inRNA in the 6, 12 and 18

DPA fibres and in the stem tissues. Slightly reduced transcription was observed in the O

and 24 DPA fibre, flower and root tissues. Significantly reduced amplification of actin

inRNA was apparentin the leaftissue sample.
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Figure 6: Amplification of actin manA indifferenttissues.
The reverse transcription products amplified by PCR using the actin specific primers ACTF
and ACTR, analysed by gel electrophoresis on a 1.5% agarose gel. Tissues used in the RT-
PCR were fibre (0, 6, 12, 18 and 24 DPA), leaf, flower, stem and root. Two negative
controls were used:'no RNA' was a negative control forthe PCR, with no DNA added, and
'no RTase' was a negative control for the reverse transcription process to which no reverse
transcriptase was used. analysis of the gel electrophoresis indicates reduced RNA levels in
the O and 24 DPA fibre, leaf, flower and stem tissues compared to the other tissue samples.



A3: RT-PCR

Once the actin control had been perfonned, PCR was used to amplify 24.11 transcripts

from the reverse transcription products with the primers, 24APCR5 and 24BPl. The

products were resolved on a 1.59'0 agarose gel(Fig. 7). No bands were visible in the

negative controllanes, verifying that no contamination had occurred during the PCR or

from genomic DNA during the reverse transcription. The positive controls 24.11A,

24.11B and 24PCRl produced bands of the anticipated sizes of 370 bp, 490 bp and 1100

bp respectively. Gel electrophoresis of the RT-PCR demonstrated that no amplification

of any transcripts from the stem or roottissues had occurred, while the leaftissue showed

amplification of two bands at 370 bp and 500 bp. The major species in the flower and

fibre lanes was a 370 bp band, but larger bands were also evident confinning previous

results (Malone, 2000). There appeared to be distinct bands at 780 bp and 890 bp and

possibly bands at approximately 490 bp and 580 bp.
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Figure 7: Amplification of 24.11 transcripts.
The PCR products of the reverse transcription were analysed on a 1.5% agarose
gel. The gene specific primers 24APCR5 and 24BPl were used to amplify the
reverse transcription products of total RNA from various cotton tissues. Tissues
used were fibre (0, 6, 12, 18 and 24 DPA), leaf, flower, stem and root. Three
positive controls of known size were used (24.11A, 24.11B and 24PCRl). Two
negative controls were used where 'no RNA' was a negative control for the PCR
with no DNA added, and 'no RTase' was a negative control for the reverse
transcription reaction with no reverse transcriptase added.



If the different bands produced by RT-PCR correspond to alternatively spliced manA,

they must be derived from one pre-inRNA transcript and must share averyhiglidegi. 66 of

sequence similarity. As an initial step to investigate this possibility, a Southern was

pertonned.

Part B: Southern analysis

Bl: Probe preparatiom

24.11AS, the full-16ngtli CDNA of 24.11A (Appendix B), was used as a probe. The

CDNA was excised from pBluescript by ECORldigestion and separated from the plasmid

by gel electrophoresis. The 1076 bp band was excised from the agarose gel and purified

using a QIAGEN Gel Extraction Kit. 200 rig of 24.11AS (from the gel extraction) was

labelled with or32P-dATP according to Hodgson and Fisk (1987)

B2: Southern transfer

The DNA on the RT-PCR agarose gel was transferred onto Hybond-N+ membrane

according to Southern (1975). The membrane was pre-hybridised for one hour at 65'C

and then probed with the labelled 24.11AS overnight at 65'C. The membrane was

washed with increasing levels of swingency to remove unbound or weakly bound probe

using a series of solutions with increasing SDS concentration and decreasing SSC

concentration. A series of four washes were conducted at 65'C for 30 minutes each

(2xSSC, 0.1% SDS; IXSSC, 0.1%; 0.5xSSC, 0.1% SDS; 0.1xSSC, I% SDS).

The filter was exposed to X-ray film for three different exposure conditions with

enhancer screens: 12 minutes at room temperature, 30 minutes at room temperature and



30 minutes at -80 'C. As can be seen in figure 8 (12 minutes at room temperature), the

labelled probe has bound to most of the bands that were visible in the ethidium bromide-

stained gel (Fig. 7) and to the three positive controls, 24.11A, 24.11B and 24PCRl. For

the fibre samples (0, 6, 12, 18 and 24 DPA) and the flower sample, the major species at

370 bp hybridised strongly with the probe. The probe also hybridised to discrete bands at

780 bp and 890 bp in these tissues and, althougli not as clear, hybridisation was

observable for bands at approximately 490 bp and 580 bp. The stem and roottissues both

showed bands corresponding to the 370 bp species. The probe bound weakly to two

bands in the leaftissue at 370 bp and at 500 bp.

Both of the negative controls, no PCR template and no reverse transcriptase, showed a

small amount of contamination at a size corresponding to the major 370 bp band from the

cotton tissues. The factthat both negative controls were contaminated, showing the same

sized product, and that the product was the same size as the major species in the other

lanes, indicates that the contamination occurred during the loading of the gel or in the

PCR and not during the reverse transcription. If contamination of genomic DNA had

occurred from the reverse transcription, only the RT-PCR controlshould have amplified

a band, not the PCR negative control. The contamination is less abundant that any

experimental bands and, as such, does not appear to be a significant concern.

B3: Interpretation of the RT-PCR and Southern hybridisation

The stem and roottissues demonstrated a small amount of amplification of only a 370 bp

product, while an additional 500 bp product was amplified from the leaf tissue. The

products amplified from the different fibre tissues (0, 6, 12, 18 and 24 DPA) resembled

the products from the flower tissue. The six fibre and the leaftissue samples allshowed
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Figure 8: Southern transfer of the RT-PCR gel.
The Southern transfer of the PCR products of the reverse transcription was
probed with 24.11AS (the fullength CDNA corresponding to 24.11A). The
filter was exposed to X-ray fibn for 12 minutes at room temperature.
Tissues used were fibre (0, 6, 12, 18 and 24 DPA), leaf, flower, stem and
root. Three positive controls were used, 24.11A, 24.11B and 24PCRl,
whose sequences were kilown to be complementary to the probe. Two
negative controls were used:'no RNA' was a negative control for the PCR,
with no DNA added and 'no RTase' was a negative control for the reverse
transcription process with no reverse transcriptase added.
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the 370 bp product as their major species together with several larger bands. By

analysing the RT-PCR and the Southern transfer, bands were visible at 490 bp, 580 bp,

780 bp and 890 bp. The 780 bp and 890 bp bands are very faint in figure 8 for the 24

DPA fibre sample, butthe longer exposures of the Southern membrane showed that they

specifically hybridised with the probe (data not shown). in both the 6thidium bromide-

stained gel(Fig. 7) and the Southern analysis (Fig. 8)the larger products (780 by and 890

bp) decrease in intensity as the fibres age.

The different bands from the RT-PCR and Southern analysis suggest that the differently

sized CDNAs to which they correspond may contain different combinations of the

putative introns from the 1/12 bp genomic PCR clone. There may also be bands other

than the five previously described (370 bp, 490 bp, 580 bp, 780 by and 890 bp) that

calmot be clearly seen due to their lower abundance.

demonstrated that the bands that were visible by 6thidium bromide-staining are similar in

sequence to the 24.11AS probe and may therefore correspond to differentialIy spliced

24.11 inRNAs.

The Southern transfer has



The RT-PCR was repeated and analysed by gel electrophoresis with a result that was

identical to that depicted in figure 7 and six small segyrients of the O DPA cotton fibre

lane were excised from the gel to individually isolate:

Part C: CIOnin

(1) the 370 by product;

(2) the 490 by and 580 by products;

(3) the 780 by product;

(4) the 890 by product;

(5) anyproductsbelow 370 bp;

(6) anyproducts above 890 bp.

The leaf lane was also investigated because it showed only two amplification products

and this was considered to possibly reflect a situation in which it would be easier to

investigate a biological role for each of the differentialIy spliced inRNAs. Therefore two

bands were excised from the leaflane of the RT-PCR:

(1) the 370 by product;

(2) the 500 by product.

DNA was purified from each of the eight excised gelftagyiients using a QIAGEN Gel

Extraction Kit. Ovemig}It Iigations were perfonned with 250 rig of insert DNA (from the

gel extraction) and 50 rig of pGEM'T-easy vector (Promega) at 16'C, to individually

clone products from the eight different gelregions.



The plasmids were then transfonned into DHSaF' E. coli cells made competent by the

CaC12 method (Sambrook, 1989) by heat shock at 42 'C. Cells were plated onto L-agar

plates supplemented with 100 Fig'inI ampicillin with an overlay of L-agar medium

containing 100 Fig'inI ampicillin, 200 ug/inI X-gal and 160 F1g/mireTG (LAD< plates).

The bluerwhite colour selection method was used, where successful cloning of an insert

disruptstheLacZ gene, which encodes ^-galactosidase, within the pGEM'T-easy vector.

in non-recombinants, IPTG induces expression of ^-galactosidase which cleaves X-gal,

generating a blue product. Therefore, transfonnants can be selected as those colonies that

are white due to the insertionalmactivation of the L@cZ gene. Both positive and negative

controls were used for the Iigations. For the negative control, no insert DNA was added

and, as expected, only blue colonies were seen on the corresponding LAD< plate. All

insert of known Iigation efficiency was used for the positive control and that yielded a

reproducible result with a large number of colonies, a majority of which were white.

PCR was pertonned directly upon approximately ten colonies from each of the eiglit

transformations in order to assess the presence and size of inserts. Half of each of the

selected colony was picked into 50 ILL of water and the cells were Iysed at 95'C for five

minutes. The cells were then spun at 14,000 IPm for one minute to pelletthe genomic

DNA and cell debris thereby leaving the plasmid in solution. A 1:10 dilution was

performed and I UL (~100 rig) was amplified with the T7 and SP6 primers, whose

binding sites flank the cloned insert. PCR conditions were: initial template denaturation

at 94'C for two minutes followed by 25 PCR cycles of denattiration at 94'C for one

minute, primer annealing at 52'C for one minute and extension at 72'C fortwo minutes

with final extension at 72'C for four minutes.



The colonyPCRs were analysed on 1.5% agarose gels(datanotshown). Several colonies

that were found to have inserts of each expected fragment size were selected for

sequencing of the insert. The sizes of the inserts that were sequenced can be seen in

figure 9 and also in table I where the sizes of the PCR products have been derived from

the agarose gels.
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Figure 9: Insert sizes.
Sizes of cloned inserts as checked by PCR amplification using the
primers 24PCR5 and 24BPl. Lanes are labelled as '100' (100 bp
marker), '-' (negative control with no template) or with one or two
letters corresponding to 24.11(labelling letter).
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CLONE

24.11C

24.110

24.11E

24.11F

24.11G

SIZE

24.11H

330 bp

24,111

370 bp

24,111

370 bp

24.11K

430 bp

24.11L

370 bp

370 bp

750 bp

24.11M

24.11N

24,110

750 bp

24.11P

760 bp

850 bp

24.11Q

24.11R

850 bp

370 bp

450 bp

24.11S

24.11LA

24.11LB

560 bp

24.11LC

Table I: The sizes of the 25 transcripts.
The left colormi contains the names of the clones and the right column contains the sizes of the
clones as detennined by PCR amplification of the insert and gelelectrophoresis (Fig. 9).

650 bp

24.11LD

870 bp

890 bp

24.11LE

24.11LF

370 bp

370 bp

370 bp

370 bp

24.11LG

24.11LH

370 bp

370 bp

370 bp

450 bp



Dl: Sequencing methods

Seventeen colonies from O DPA cotton fibre tissue and eig}It colonies derived from leaf

Part D: Nucleotide se uemce anal sis

tissue were sequenced. Each colony to be sequenced was grown ovemig}It in 10 inI L-

broth with 40 ul of 25 ing'inI ampicillin. The plasmid was purified with a BIO-RAD

plasmid miniprep kit. 500 rig of DNA from each purification was amplified with either

the T7 or SP6 primer and Big Dye Tenninator Mix with the following cycling conditions:

initial template denaturation at 95'C for five minutes followed by 26 cycles of

denaturation at 95'C for 30 seconds, primer armealing at 55'C for 30 seconds and

extension at 60'C for four minutes. The DNA was precipitated with isopropanol and

sequencing was carried out by the IMVS.

T7 and SP6 primers bind to sequences in the pGEM T-easy vector that flank the insert,

with T7 used to amplify in a 5' to 3' direction, and SP6 to extend the reverse

complement. Each strand was sequenced so that the entire length of the insert was

sequenced in both directions.

02:lPreliintnary sequence analysis

Sequence data was transferred to ANGIS (Australian National Genomic infonnation

Service) for sequence analysis. The chromatogi. ams were inspected with vector Grids

removed and ambiguous bases interpreted from the chromatogi'am. Themultiple separate

sequences for each clone were angled against each other and the genomic PCR clone,

24PCRl, in the 5' to 3' direction using the progi'am Clustalw (ANGIS)(Appendix C).



The consensus sequences from each of the 25 clones were aligned against each other, and

the previously sequenced genomic PCR clone 24PCRl (Malone, 2000; Fig. 10).

Cmstalw (ANGIS) was used to align the sequences, with the allgimients being inspected

and modified by eye to cope with the large introns. The fibre tissue inserts were

designated 24.11C to 24.11S in line with the previous established nomenclature,

continuing from 24.11A and 24.11B (Matone, 2000) and the leaf tissue inserts were

designated 24.11LA to 24.11LG ('L' standing for leafy. The sequence anglument can be

seen in figure 10 with a diagi'^Iatic representation of the sequences in figure 11.

Three clones (24.11H, 24.11R and 24.11S) all lacked the most 5' cytosine when

compared to the other clones (Fig. 10). This observation was unexpected as this

nucleotide is contained within the primer sequence and should always be present. This

nucleotide may have been lost due to activity of a contaminating exonuclease or the

presence of truncated primers.

03: Intron/exon composition

Four regions of sequence (nucleotides 253-324, 425-544, 587-861, 904-1015) (Fig. 10)

were variable in ternis of their inclusion within the different clones with each being

observed in four, six, eig}It and eiglit clones, respectively. There was also a 160 bp

region of sequence in the genomic clone that was not found in any of the transcripts

(nucleotides 31 -190) (Fig. 10). The 5' and 3' ends of these five regions confonned to

the consensus intron splice sites for dicot plants, where the first two nucleotides at the 5'

Grid of an intron are always 5'-GT-3' or 5'-GC-3' and the last two nucleotides of an

intron, at the 3' Grid, are always 5'-AG-3' (Goodall at a1. , 1991). Also, in the most

abundantspecies (the 373 bp product) these five regions were spliced out and therefore,
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CCP. GCTt;,, T C, :L. *. CCP. GCCT. CTCCT, ^. CF}. TCGC, _,. I:TTTCTi:;CCP, GTP~*.. q. .CTCCTGC:;~*. C :

CCP, CCTi. ,;. T C. L*. CCP. :;CCTCCTCCT, ,CFJ. TCCC, ~,. CTTTCT;13CC, :. GTPJJJ:CTCCTGi:;:I_*. C :

CCP, ccTCP, T '*. CUECCTCCTCCTP, CPL^TCCC, "*. CFITTC^. CCP, GTPJ, ~:. CCTi, CTC. P, ^C :
CCP, GCTGP. T VCC, .. CCTCCTCCTP. CPI. TCGCP~*. CFTTC^. CCP, GTP, ,_ILCCTi:;CTC. P_^C =
CCP, ECTG::, T %CCP. CCCTCCTCCT, :. CFJ. TCGCP~*. Cj^TTCilji3C. P. GTP, ,..:LCCT, CTCi:;,,. LC :
CCP, .CTC, ,T *CCP, octTccTCCTP, CF" TCGC*~*. cj^TTc^IC. .,,. GTP_,_^c. ToCTCi, ,_,. c :
CCP, CCTC, .T LLCC>, C:CCT. CTCCT, *. C:;^. TCGC, ,:LCpjTTCpji:;CCPJ^T, ,;..^. I. CTCCTGi3P, *. C :
CCP, GCTC, .T 40C>, C-CCTCCTCCT, ,C, ATCGC, JJ:TTTCTi:;CCP, GTP, *..*. ECTCCTCC, :_*. C :

CCP, ccTe:I, T Loci, ,t;ccTccTccT, ,CF, ^Tccc, ~,. C TTCTi:CCP, ,T, aJrJ:CTCCT. CF, ,. c :

CCP. CCTC, ,T ._*CC, ,0'TCCTCCT*, CPIP, TCCC, _a. CFTT. ,ICCC, *. GTPJJJ. CTCCT, GP_^C :
CCP, ccTCP, Ti. :._\. C TCCTCCTP. CPI>. TCCC, ~*. CmTTCp. CCP. ,T, _,_:LCCTCCT, .P_^C :
CCP, OCTC, .TCF^, C TCCTCCT, ,CPL*. TCGC*_*. C^TTCpj, CCP. GTP, i:JJ:CTCCTC, ,,*.. =
CCP, GCTC>. T C*_^GC TCCTCCT, ,CPI*. TCCC>-*. C^TTCTCi:. P, GTP, q. .^CCTG. To:;,_:. C =
CCP. GCTC:;. T C. ._". GC TCCTCCT::, CPIP. TCGC, ,,, EFTTC IFCC, ,GTP~*..^. CCTGCTGi=:. JJ. :
CCP, I;CTC, ;. T C. ;.,. CC TCCTCCT, :. CPI*. TCGC, _,. C^TTC^, CCP. GTP, *..*. I:CTCCT, GPFJ: :
CCP, GCTGP, T C. :.*. GC TCCTCCT, ,CPI*. TCGCP, 4.1TTCTi3CC::, GTP, :,..*. 13CTCCT. CF, *. C :
CCP, OCTGP. T CF. ~:L. C TCCTCCTP. C, ~b. TCCC, ~:. CTTTCTi=CCP, CT, *..:,.., Li. CTCCTGG*~*. C :
CCP. GCTGP. T CF_, L, CF, :;Ci. TCCTCCT, .C:;,^TCCC, ,,. CTTTCTi, CCP. GTPJJJ:CTCCTi, GP, ^. C :

CCP, OCT. ,, T C#_:. CCP. GC. TCCTCCT},. P, *. TCGC, ,*. CTTTCTi, CC:., GTPJJJ:CTCCT. C;:~&. C :

CCP, .CTC, ,T ,~*. CCP, C I:TCCTCCT, ,CF. ,. TCCCP~*. CTTTCTi=CCP. ";T. ,_,.:LCCT. CTCG*_,. C :

CCP. ,CTC:,, T C, :L. q. CCP. GCCTCCTCCTP, C, ~LTECCP_,. C"TTC 13CC. q. GTPJ~, LCCT, CTCG*-*.. =

L060

I=,

LOBO

Figure 10: Alignment of the consensusseq"eruces of all25 clones.
The 17 transcripts that were cloned from the fibre tissue are shown as the top sequences, the genomic PCR clone is the bottom sequence and the
transcripts cloned from the leaf tissue are in the nitddle. The regions that are 'intronic' and 'exonic' are indicated with brackets below the
sequence anglument in blue and red respectively. Each intron and exon, from 5 to 3 , is numbered with respect to this 1/12 bp region of
sequence. The numbers within the brackets indicate the nucleotide position with respectto the genomic PCR clone. Nucleotides litgliliglited in
gi'Gen correspond to errors introduced during RT-PCR, PCR or cloning. At positions where several nucleotides are red and several are blue, the
red nucleotides correspond to the genomic nucleotide, while those litgliliglited in blue correspond to another common nucleotide (i. e. non-
genomic). Red boxes around three adjoining nucleotides indicates a putative in-frame stop codon, within that particular transcript, when the
transcript is translated. Nucleotides shaded in pink, within the genomic sequence, are putative branchpoint sequences with the penultimate
nucleotide (adenosine) being the branchpoint nucleotide. The two copies of the perfect repeat (section 03) are underlined in brown. Primer
binding sites are shown at the 5' and 3' ends of the sequence with blackbrackets. 35
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Figure 11: Schematic representatiom of the differentintrom/exon compositions forumd within the 25 clones.
The names of the clones are shown on the left and the length of the clones is shown on the riglit. Exons withn each clone are
represented by redboxes and introns within each clone are represented by a thin black line. The length of each region (intron/exon)
is represented by numbers below the relevantregion, with intron lengths in black and exon lengths mred.

3
160

30

24.11F

160

311

24.11Q

62

160

30

72

24,111/J

62

160

3

72

10

24.11K

24.11LM

160

30

100

.<;I'
30

62

234

120

160

72

,

24.11R

120

3
160

^,,^.~

160

^.....~^

160

42

100

24.11S

2

120

3

72

2

62

120

36

3

72

4

100

62

120

^...,.,^

120

72

275

2

100

2

160

72

275

430

72

275

275

42

359

579

112

42

97

382

602

1/2

65
21

97

4
1/2

165

788

1/2

21

97

1/2

65

21

97

165

36



these five regions are referred to as 'intronic' for simplicity, in this paper, despite the fact

that they maybe included in some transcripts.

When compared with the genomicPCR clone, six regions of sequence (nucleotides: 1-30,

191-252, 325-424, 545-586, 862-903 and 10/6-1/12; 30 bp, 62 bp, 100 bp, 42 bp, 42 bp

and 97 bp long regions respectively; Fig. 10) were contained within every clone except

for 24.11C which lacked the 862-903 bp region. Since these regions were contained

within almost every clone, and they were flanked by characteristic intron splice sites, they

were designated as being 'exonic' regions.

As expected, the most 5' section of sequence (the 30 bp region) and the most 3' section

of sequence (the 97 bp region) are necessarily presentin every clonebecause these are the

regions where the 5' primer(24APCR5) and the 3' primer(24BPl) bind. Examining the

entire region in a 5' to 3' direction, the 160 bp 'intron' from nucleotides 31-190 is spliced

outin each of the clones, while the following 62 bp exon (191-252 bp) is not removed

from any clone. The following 72 bp 'intron' (253-324 bp) is removed from the

transcripts of all clones except for 24.11F, 24.11P, 24.11S and 24.11LH. All clones

contain the next 100 by exon (325-424) while only six clones (24.11K-M, 24.11P,

24.11R and 24.11S) contain the next 120 by region (425-544). This is the putative inton

that is contained within the sequence of 24.11B but not 24.11A (Malone, 2000). All 25

clones have the next 42 bp exon in their transcripts (545-586 bp). Following this, the

eig}It longest clones, 24,111-M and 24.11Q-S, contain a large, 275 bp, 'inton' (587-861).

All clones except 24.11C then contain a small 42 bp 'exon' that is located between

nucleotides 862-903. Most clones have the next 1/2 by region (904-10/5 bp) absent

from their transcripts, while two clones (24.11R and 24.11S) contain the entire 1/2 bp



region. However when clones 24,111, 24.11J, 24.11L, 24.11M and 24,110 are aligned

againstthe genomic PCR clone, they appear to contain 91 nucleotides within this region

with a 'gap' of 21 by (927-947) (Fig. 10). This 21 by gap in the sequence, when aligned

against 24PCRl, is far too small to be an intronic region as the minimal plant intron

length is between 70 and 73 nucleotides (Goodall and Finpowicz, 1990). Also the 'gap'

is not flanked by the consensus intron splice sites of dicotyledonous plants. interestingIy,

the nucleotides from the genomic PCR clone corresponding to the 21 bp gap (927-947)

are a perfect repeat of the 21 preceding nucleotides (906-926) (Fig. 10).

hatenns of length and intron/exon composition there are 11 unique transcripts that were

cloned from the fibre tissue (Fig. 11). Many different possible combinations of 'intron'

inclusion were observed with no correlation observable for combinatorial splicing out or

retention of multiple introns. From the leaf tissue, transcripts of only two sizes were

cloned. There are multiple transcripts of 373 bp cloned (24.11LA-G) with the same

intron/exon structure as each other and also one clone of 445 bp (24.11LH) that contains

the 72 bp 'intron', in addition to the five 'exonic' regions (I-30, 191-252, 325-424, 545-

586, 862-903 and 10/6-1/12).

A number of single base pair changes were observed in the sequences of some clones

when compared with the other clones and the genomic PCR clone (for example at

nucleotide 225 in clone 24.11N, Fig. 10). Many of these differences were only observed

in one out of the 25 clones and were thought to be substitutions that were introduced

during reverse transcription, PCR or during cloning (gi'Gen bases in figure 10). The rate

of nucleotide misincorporation of MMLV reverse transcriptase has been estimated at one

mismatched base every 500 bp (Sambrook at a1, 1989), while the mismatch error rate of
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T@q polymerase is approximately one in every 10,000 bp (Tindall and Kunke1, 1988).

Within the sequences of the 25 clones, there were a total of 56 of these 'errors' out of a

total of 14032 nucleotides. This is one error every 250 nucleotides, which is within the

expected range of substitution frequencies when reverse transcription (MMLV) and PCR

(T@q polymerase) are both pertonned.

04: Conflicting sites

There were 16 sites within the anglument where several clones possessed a different

nucleotide from that of the genomic nucleotide at the corresponding position (nucleotide

positions: 208, 448, 458, 468, 510, 646, 680, 697, 725, 726, 772, 797, 812, 1002, 1004,

1060: Fig. 10). At these sites, several clones possessed the same nucleotide as the

genomic clone (indicated in red in Fig. 10), while several clones possessed a single

common alternative - that is a nucleotide that did not correspond to the genomic

nucleotide (indicated in blue in Fig. 10). This finding is represented in table 2 where

these 16 positions from each clone are shown in the relevant colour (red for genomic or

blue for non-genomic).

05: Sequence interpretation

When all 16 of these sites are considered, clones 24.11F, 24.11P, 24.11R, 24.11S,

24.11LD-LF and 24.11LH contained the nucleotides corresponding to the genomic

sequence at all sites (table 2 - in red). Clones 24.11C-E, 24.11H-M, 24,110, 24.11LA-

LC and 24.11LG possessed the non-genomic nucleotide alternatives (table 2 -blue). in



208 448 458 468 510 646 680 697 725 726 771 797 812 1002 1004 1060

GC

GC

GC

GC

C G GC

C G GC

GCG CTGA

C G GCG CTGA

G GCCG CTG

C G GC

GC

GC

GC

GC

A

A

G

G

G

G

G

T

T

T

T

T

C

C

A

C

C

C

C

C

A

T

T

T

A

A

A

G

G

G

G

G

A

G

G

G

G

G

T

A

A

T

T

T

A

G

G

G

G

G

A

A

G

C

C

CT

A

A

A

C

C

C

Table 2: Conflicting sites.
The 16 nucleotide positions (nucleotides 208, 448, 458, 468, 510, 646, 680, 697, 725, 726, 771, 797,
812, 1002, 1004 and 1060 from figure 10) at which there are significant differences between the 25
clones. The nucleotides that correspond to the genomic sequence are shown in red and the other
common nucleotide is shown in blue. Cells in the table that have no nucleotides correspond to regions
in each of the transcripts that are spliced out. The table is horizontally divided into five sections with
blackhorizontallines. From regions I to 5 (top to bottom of the table):

(1) those clones corresponding to the genomic nucleotides;
(2) those clones corresponding to the genomic nucleotide at only their 3' ends;
(3) the clone corresponding to the genomic nucleotides at the 5' Grid;
(4) those clones corresponding to the non-genonitc nucleotides;
(5) the genorrtic sequence.
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the three other clones, 24.11G, 24.11N and 24.11Q, a combination of nucleotides

corresponding to both genomic and non-genomic nucleotides was observed. 24.11G and

24.11Q have nucleotides corresponding to non-genomic nucleotides at their 5' ends but

their sequences correspond to the genomic sequence at the 3' ends. This is the opposite

for 24.11N where there is a nucleotide corresponding to the genomic PCR clone at the 5'

end and anon-genomic nucleotide at the 3' end.

The transcripts can be divided into four gi. oups on the basis of comparison to the genomic

PCR clone (Table 2):

(1) those corresponding to the genomic nucleotides at all 16 positions;

(2) those not corresponding to the genomic nucleotides at any of the 16 positions;

(3) those corresponding to the genomic nucleotides at onlytheir 5' end;

(4) those corresponding to the genomic nucleotides at only their 3' end.

Since these 16 sites cannot be dismissed as simple errors introduced during RT-PCR,

PCR or cloning and because they occur multiple times in several clones, they must be

derived from genomic sequences other than 24PCRl.

06: Implications of sequence data

One explanation is that the transcripts are from alleles and alloalleles of the same gene.

G. hirs"turn, a tetraploid resulting from the fusion of two ancestral diploid species I to

1.2 million years ago (Weride1, 1989), would contain two alleles and two alloalleles of

each gene. Perhapsthe fourtranscripttypes correspond to two alleles of two MADS-box

genes, one from each of the diploid ancestors, It is difficult to know how likely this



explanation is as there have been few studies to show whether all four alleles of a

tetraploid gene are transcribed orifsome maybe silenced.

another explanation for these transcripts is that they arose from a family of different

genes.

Arabidopsis (Ng and Yanofsky, 2001), and that MADS-are litglily conserved, the primers

Considering that more than 45 MADS-box genes have been identified in

(24APCR5 and 24BPl) may bind to multiple MADS-box genes. If there had been a

recent duplication of a gene, with subsequent divergence, then the sequences of each of

the genes may be similar enougli to allow amplification of transcripts from both genes.

The sequence of the transcripts from each of the genes would be SIiglitly different. To

explain the four different types of transcript (Section 05) there iniglit be (a) two genes,

each with two alleles or possibly (b) four genes with one allele each whose transcripts are

being detected by the RT-PCR.

07: Splicing Analysis

The efficiency of splicing, or removal, of introns from pre-inRNA is dependant upon a

number offactors(reviewed by Brown and Simpson, 1998). Most important are:

(1) the consensus splice sites at the 5' and 3' ends of introns;

(2) the contrast ofguanine and cytosine composition of exons compared with the

eracil composition of introns (since this projectis analysing CDNAs, uracilis

replaced by thyrnine);

(3) the presence of an intron branchpoint sequence to allow intron lariat

fonnation.



As previously discussed, allintrons in the region being studied confonn to consensus

intron splice sites (Goodall at a1. , 1991; Fig. 3). In all organisms, when the 5' end of an

intron is cut, the most 5' base is covalently linked to an adenosine nucleotide that is

between 10 and 50 nucleotides from the 3' Grid of the intron, to fonn an intron lariat

structure (To1strup et a1. , 1997). This adenosine is known as the branchpoint nucleotide

and is within a conserved region known as the branchpoint. While the branchpoint

sequence is well conserved in yeast and marlinials, it is only weakly conserved in dicot

plants, having a loose consensus sequence of5'-WWCUR, ^,, W-3' (where:'W' represents

adenosine or uracil; 'R' represents adenosine or guanine, the underlined adenosine is the

branchpoint nucleotide and uracil corresponds to thyrnine in the anglument of CDNAs).

Putative branchpoints were found between 10 and 50 nucleotides from the 3' end of each

intron in the anglument (Fig. 10 - higliliglited in figure 10). Althougli some of the

branchpoints appear only weakly conserved, they generally agree with the positions that

are best conserved within the branchpoint (i. e. in order of importance A (position 6), U

(position 4) and C (position 3)) (To1strup at o1. , 1997; Fig. 12).

General GC richness of exons compared to general AU richness of introns in known to be

important for efficient splicing of introns by the splicing machinery (Latijnhouvers ergl. ,

1999).

nucleotides on each side of the intron/exon boundary. Forthe majority of dicotyledonous

Of particular importance is the contrast of uracil composition of the 50

plant introns, the 50 nucleotides on the intron side of the intron/exon boundary are

typically 15% more uracilrich than the 50 nucleotides on the exon side of the intron/exon

boundary. Conversely, the 50 nucleotides on the exon side of the intron/exon boundary

are typically 15% more giianine and cytosine rich than the 50 nucleotides on the intron

side of the intron/exon boundary (Latjjnhouvers at a1. , 1999).



The nucleotide composition contrast was calculated for the 24.11 transcript by counting

the number of each of the nucleotides in the 50 bases on each side of every potential

intron/exon boundary. The numbers of each of the four nucleotides on both sides of the

intron/exons boundaries were compared and expressed as apercentage (Fig. 12). Most of

the introns in the region being studied have ~15% or more thyinine residues in the 50

nucleotides on the intron side of intron/exon boundary compared to the 50 nucleotides on

the exon side of the intron/exon boundary (Fig. 12 - in blue). However at some

intron/exon boundaries the contrast of nucleotide compositionsis weak and a comparison

of the 50 nucleotides on each side of the boundary did not confonn to ~15% difference in

thyinine composition. For example, the fifth exonic region (nucleotides 862-903) is 3%

less GC rich than the 50 nucleotides at the start of the fifth intron at nucleotides 904-953

when it(as an intronic region) would be expected to have a big1:16r GC content. Another

intron/exon boundary that does not conform is that between the third intron and the

fourth exon. The 50 nucleotides on the intron side of this boundary are only 2% more

thyniine rich than the 50 nucleotides on the exon side. This exon is also only 2% more

gumiine and cytosine rich than the 50 nucleotides of the intron at the intron/exon

boundary.

The majority of transcripts, as indicated by the factthatthe major RT-PCR band is 373

bp, have the five 'intronic' regions spliced out. However, some of the transcripts cloned

in this experiment have retained one or more 'introns'. The 160 bp intron (31-190),

which has a branchpoint confonning to the consensus sequence (Fig. 10) and a large

contrast in uracil, giianine and cytosine content at its 3' intron/exon boundary, is removed

from every clone. The 5' exon/intron boundary cannot be analysed because the sequence

does not extend Sobp in the 5' direction of the first exon/intron junction. The
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ContrastinTcontent: N/A

ContrastinGC content: N/A

Branchpoint Sequence: TACTAAT

30 bp
160 bp

62 bp
72 bp

+26%+32% +16%

+22%+12% +14%

CAATGAT

Figure 12:1mtrom/exom boundary composition and branchpoimtsequemces.
As an example, a transcript corresponding to the 373 bp manor species is shown. 'Exonic' regions are represented as red
boxes and 'intronic' regions are represented as thin black lines. The lengths of each 'exonic' and 'intronic' region are
shown above the relevant region in red and black text respectively. For efficientintron splicing, the 50 nucleotides on each
side of the intron/exon boundary are important, with introns typically being ~15% more oracilrich (thyinine in CDNA) and
exons being ~15 % more gunnine and cytosine rich in these 50 nucleotides (To1strup et a!., 1997). The contrast ofthyinine
composition between the 50 nucleotides on each side of the intron/exon boundary is shown in blue, below each intron/exon
boundary, with the percentage representing thymine composition of the intron compared to the exon. The contrast in
guaiiine and cytosine composition is shown in pink with the percentage representing gladne and cytosine composition of
the exon compared to the intron. Comparisons Garniot be made at the firstintron/exon boundarybecause there is only 30 bp
of sequence on the exon side of the intron/exon boundary. The putative branchpoints are shown below each intron in
orange. The consensus branchpoint is 5'-WWCl. IR^, W-3' (where: 'W' represents adenosine or eracil; 'R' represents
adenosine or gunnine, the second last position (adenosine)is the branchpoint nucleotide.

100 bp

+34%

+18%

120 bp
42 bp

.I

CACTCAC

+2%+16%

+2% +4%

275 bp

I==I

42 bp
1/2 bp

+20% +8%

12% -3%

TGTTGATTATTAAC

97 bp

+14%

+4%
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other introns, which have less conserved branchpoint sequences (Fig. 10) and, in general,

lower nucleotide contrasts at intron/exon boundaries (Fig. 12) are not spliced outin every

transcript. The 72 by (253-324), 120 by (425-544), 275 by (587-861), and 1/2 by (904-

10/5) introns are found within four, six, eiglit and eiglit clones respectively. Althougli

plant intron splicing is not well understood, in this instance there appears to be some

correlation between the removal of introns and the three factors that have been identified

as being important for splicing efficiency.

It is not fully understood how the three sequence characteristics interact with each other

for efficient splicing. Furthennore, it is also not known if there is any compensation

between the three factors so that, for example, an intron with a weakly conserved

branchpoint sequence but with a higli uracil composition will still be efficiently spliced.

Some intron/exon junctions have weak contrasts in nucleotide compositions but have

branchpoint sequences close to the consensus. It is possible that some of the introns are

not being spliced out of every transcript because the 'signals' specifying splicing are

weak. Whether or notthis is the case, there still may be some biological function for the

proteins encoded by the alternatively spliced transcripts, indeed these sequences inig}It be

expected to have been selected in evolution to favour rare alternative splicing.

08: Alternative splicing

The sequencing data presented indicate that the differently sized MADS-box transcripts

which are apparent in the gel electrophoresis of the RT-PCR products may arise via

alternative splicing. The different transcripts are extremely similar in sequence and the

gaps (i. e. introns) are only present such that their 5' and 3' ends correspond to the



consensus splice sequences in the genomic PCR clone. The alternative splicing is of the

fonn where regions that are usually 'intronic' are included in some of the stable inRNA.

09: Future work

The obvious next experiment to perfonn is to obtain more genomic PCR clones to

investigate the gene/s that correspond to the region being studied. Two previously

obtained genomic clones (Malone, 2000) were sequenced during this project but the

sequences were identical to 24PCRl. This could be achieved by perfonning a PCR,

using 24APCR5 and 24BPl asthe primers, on genomic DNA prepared from G. hirs"twin.

This should provide genomic sequences that correspond to the CDNA clones that cannot

be derived from 24PCRl. Althoug}I it seems safe to assume that other genomic clones

would correspond to these transcripts (24.11C-E, 24.11G-0, 24.11Q 24.11LA-C and

24.11LG), it would be worthwhile to find these clones to remove any ambiguity aboutthe

variable nucleotides within the sequence anglument.

G. hirs"turn is classified as having an AADD genome due to the hybridisation of

ancestral A and D genome species. It would be interesting to analyse the region studied

in this project by PCR amplification and automated sequence analysis, from the extant

species most resembling the diploid ancestors, namely G. herbaceum (A genome) and G.

ratmondii(D genome) (Werider, 1989). This would help to determine whether these

transcripts are derived from one ancestral diploid or from both of them. By determining

whether one or both diploids contained similar regions and by comparing the sequences

of these genomic PCR clones it may be possible to detennine whether the transcripts are

derived from one orboth of the diploid ancestors, However, there maybe problems with

this approach because it is not known how much G. hirst, twin has diverged from the two
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ancestral diploid genomes. It is possible that the primer binding sites iniglit have

diverged to the extentthat no amplification would be possible.



El: Translation of 24.11 clones

While analyses of the nucleotide sequences were infonnative it is important to examine

the protein sequences to datennine what function the proteins encoded by these

transcripts may have. BLASTX (ANGIS) was used to search aprotein database (SWISS-

PROT All) in all six potential frames of translation, with the sequences of the 25 clones,

to determine the frame in which the transcripts were likely to be translated (Appendix D).

in every case, only one frame returned significant matches: frame I (i. e. the first three

nucleotides in the anglument (5'-CCA-3') represents the first amino acid position, in this

region, for translation). When the clones were aligned againstthe full-length CDNAs of

24.11A and 24.11B, translation of the putative proteins from 24.11A and 24.11B in the

region corresponding to the region being studied was also in the first frame. Using a

program called 'Frames' (ANGIS)the sequences were searched for open reading ftanies.

Frame number one gave full-length open reading frames for most clones, whereas the

other five frames gave only short open reading frames. The proteins were therefore

translated in the firstftame using the 'Translate' progi. am from ANGIS.

Partl!;: Putstive roteims

E2: Removal of redundant putative protein sequences

The nucleotide differences that were explained as being due to RT-PCR, PCR or cloning

errors (Section 03) were altered to confonn to the nucleotide at the corresponding

position in the other clones. Ten amino acid sequences were identified as being unique

and, as such, the redundant protein sequences removed. There were several sets of

redundant putative proteins:

. 24.11K, 24.11L and 24.11M;

o24,111, 24.11J and 24.11Q;



o24.11P and 24.11S;

o24.110, 24.11E, 24.11H, 24.11N, 24.11LA, 24.11LB, 24.11LC and 24.11LG;

o24.11F and 24.11LH;

o24.11LD, 24.11LE and 24.11LF.

The first clone, in tenns of alphabetical order (24.11K, 24,111, 24.11P, 24.110, 24.11F

and 24.11LD), of each group, was retained forthe protein alignment.

E3: Protein analysis

The gene, and superfamily, to which the region of sequence being studied corresponds,

belongs to the AGAMOUS family of MADS-box genes(Malone, 2000). UsingClustalw

(ANGIS), the unique putative proteins were aligned against each other and AGAMOUS

(Fig. 13). As can be seen, the differently spliced rill^NAs could yield different proteins.

internis of length, and which regions of RNA are translated from each clone, 24.110,

24.11G and 24.11LD all corresponded closely with AGAMOUS (Fig. 13). They are 124

amino acids long and have the same regions of RNA translated into protein (i. e. they do

not contain residues 32-55, 89-104, 1/9-134 or 146-150 as shown in figure 13).

As previously discussed (Section 03) some clones had different 'intronic' regions

included, or 'exonic' regions excluded, in their transcripts. Because of this, the proteins

that were encoded by the transcripts were of differentlengths and had different regions of

RNA translated. The proteins encoded by 24.11C, 24.11F, 24,111, 24.11K, 24,110,

24.11P and 24.11R, showed 'extra' regions of protein when aligned with AGAMOUS

0.6. introns had been unspliced from the transcripts). 24.11F and 24.11P contained
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Figure 13: Putative protein alignment.
The 10 unique conceptual amino acids aligned with each other and the amino acid sequence of AGAMOUS, using
Clustalw (ANGIS). The two putative amphipathic or-hences are indicated with red brackets below the sequence
angyment. At each position, the residues shaded in black are those that are identical or chemically conserved, while
Iigliter shading of residues indicates aweaker level ofconservation. filthe putative proteins, residues that are different,
that are encoded by transcripts of the same length and intron/exon structure, are differentiated from each other by red and
blue shading. The residues translated from transcriptsthat corresponded to the genomic PCR clone are shaded in red,
while the residues that do not correspond to the genomic nucleotide are shown in blue
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residues 32-55 due to the translation of the second 'intronic' region from figure 10

(nucleotides 253-324). This 72 bp intron was translated to give 13 residues that were not

in the other clones. 24.11K, 24.11P and 24.11R encode a 16 residue region (residues 89-

104)that was unique to their proteins due to translation of part of the third intronic region

(nucleotides 425-475). A stop codon is found at nucleotides 473-475 and the protein

tenninates leaving the rest of the intron (nucleotides 476-544) untranslated. The protein

sequence of clone 24,111 contains residues from 1/9 to 131 (Fig. 13) corresponding to

nucleotides 587-628 from the fourth intronic region (Fig. 10) with nucleotides 626-628

encoding a stop codon leaving nucleotides 629-861 untranslated. 24,110 contains five

residues (146-150) corresponding to the first 15 nucleotides of the 1/2 bp intron

(nucleotides 904-918), with nucleotides 919 to 921 representing a stop codon. The

anglumentis designed to reflectthe regions of RNA that the protein would be translated

from (i. e. a gap has been placed in 24,110 and not 24.11P at residues 32-55 because

24.11P contains the 72 bp 'intronic' region within its transcript).

E4: Functionality of the proteins

To try to detennine possible functions for the 10 unique proteins, a BLASTP (ANGIS)

search was used to find other proteins, of known function (SWISS-PROT-All), with

similar sequence. The clones that aligned well with AGAMOUS (24.110, 24.11G and

24.11LD) were very similar to many other MADS-box genes (Appendix E). However,

no MADS-box gene from available databases was found that showed hornology to the

translated intronic regions of protein (i. e. residues 32-55, 89-104, 1/9-131 or 146-150).

Sequence searches with just these 'extra' regions of sequence revealed no significant

matches.



The first two regions of translated intron-like sequence (residues 32-55 and 89-104) lie

within the two amphipathic or-hences of the K-box (see introduction; Fig. I). The clones

that contain the second 'intronic' sequence (residues 32-55, nucleotides 253-324) would

have an altered amphipathic or-helix, with the consensus hydrophobic amino acid

positions altered. filthe clones similar to AGAMOUS, the lastthree amino acids of the

first or-helix are Histidine, ISOleucine and Leucine, but in 24.11F and 24.11P the last

three amino acids of the first or-helix are Senne, Proline and ISOleucine. This results in

the loss of one conserved hydrophobic amino acid (ISOleucine) thereby potentially

changing the properties of this amphipathic or-helix. The translation of this intron would

also change the spacing between the first and second amphipathic o6-helix which may

also have an effect upon dimerization

Clones 24.11K, 24.11P and 24.11R contain part of the third intronic region (nucleotides

425-475, residues 89-104). This region is within the second amphipathic or-helix and, as

such, the second or-helix would be altered. The lastthree amino acids of the second helix

would be changed from ASParagine, Glutamic Acid and Leucine to Vanne, Phenylalanine

and Vanne with the inclusion of the 'intronic' region. ASParagine would be replaced by

Vanne (addition of one hydrophobic residue), possibly having some effect on the

dimerization of the putative protein. This intron contains an in-frame stop codon that

would terniinate the protein one amino acid after the usual length of the K-box.

Clones 24,111 and 24,110 have segments of either the fourth (24,111) (nucleotides 587-

625, residues 1/9-131) or the fifth (24,110) (nucleotides 904-918, residues 146-150)

introns translated into protein with in-frame stop codons at nucleotides 626-628 and 919-



921 respectively. These proteins, as well as 24.11K, 24.11P and 24.11R have shortened

and altered C-tenninal regions. The C-tenninal region has been demonstrated to be

important for multimerization of MADS-box proteins, (Riechmami at o1. , 1996) so

alterations to this region maybe important.

E5: Biological Relevance

It is not known how stable these transcripts are and whether they would encode

biologically relevant proteins. Because the 373 bp CDNA species is the major product

and it is very similar to AGAMOUS, within the K-box region, it seems likely that it

would encode the major protein productftom this gene. The role of the other transcripts

is more unclear. They are much less abundant, asindicated by the weak bands on the gel

electrophoresis of the RT-PCR, and show less hornology with known MADS-box

proteins, especially within the translated 'intronic' regions.

Althougli not direct evidence, there are some indications that the 'intronic' regions may

be translated. The second 'intronic' region (nucleotides 253-324, residues 32-55) is 72

nucleotides long and therefore its translation would allow the rest of the protein to be

maintained in the same frame as a transcript withoutthe intron. Because the rest of the

protein would be in-frame, any regions or domains translated after this intron may still

retain their function, but the protein would be internally modified. All of the putative

proteins are at least 80 amino acids long in terms of the region being studied. This may

be important because all of the proteins would be long enougli to have a region of

sequence that would correspond to the K-box. Also, the introns that would be included

for translation, before the end of the K-box, do not contain any in-frame stop codons.

Althougli not proof that the intron would be translated, this lack of stop codons may



indicate that there has been some selection pressure to maintain protein contiguity. This

suggests that the transcripts maybe translated to give proteins with a biological function.

It must be remembered that the region being studied here corresponds only to the K-box

domain of the gene. For each transcript, it is not known whatis occurring in regions 5'

and 3'of the K-box. However, it is likely that the alternative splicing in the K-box

reported here is biologically relevant because fulllength CDNAs of 24.11A and 24.11B

appear to encode protein that extend throug}Ithe this region (Malone, 2000).

With altered K-box regions, proteins may have different dimerization properties. It may

be envisaged that inclusion of an intron within a transcript may lead to a SIiglitly altered

protein that may have a different function from the protein encoded by the fully processed

inRNA. The inclusion of introns in the 24.11 transcripts could potentially change the

specificity of dimerization of the encoded MADS-box protein while maintaining the

same DNA binding specificity, thereby generating variation and diversity of function.

The putative proteins with shortened or absent C-tenninal regions may also exhibit

altered binding specificities.

multimerization of MADS-box genes (Riechmann at a1. , 1996). The proteins that lack

the C-tenninalregion may therefore be able to bind DNA (MADS-box region) and also

form dimers (K-box region), but maybe deficient formultimerization.

Another MADS-box gene, inurine serum response 121ctor, has alternatively spliced C-

The C-tenninal region is known to be important for

terniinally truncated proteins. These were shown to be competent for DNA binding and

dimerization but were deficient for transactivation and had dominant negative effects



(Belaguli at a1. , 1999). That is, the alternatively spliced fonn is still competent to fonn

horno- or heterodimers and to bind DNA, but acts negatively to block gene transcription.

By lacking the C-terminal region, biglier order interactions with multiple proteins are no

longer possible. It is possible that some of the proteins encoded by the alternatively

spliced 24.11 transcripts act in the same way that dominant negative mutations act to

block the usual function or interaction of a protein.



A cotton genomic library, constructed by S. Orford, was probed with the genomic PCR

clone, 24PCRl, to achieve the projects second aim offinding the gene corresponding to

the 24.11 transcripts. The library was screened on three occasions with no positive result

Part F: Cellomic libra. r

obtained. On the X-ray film, backeround was clearly evident indicating that the filters

had been left long enouglito develop and the probe was sufficiently radioactive. Possible

explanations are that the filters were old (pressed from the original library plates in 1997)

and had been screened and stripped many times which may have caused loss of DNA.

is also possible that the probe labelling was unsuccessful or that the genomic library

didn't possess anyregions complementary to the probe.

screenim
.

F1: FutureWork

For this part of the project, a previously constructed library was screened due to the large

time requirement in constructing a new genomic library. To find the gene corresponding

to the transcripts a fresh library would have to be constructed. To do this, the stored

phage stock could be used to reinfected new bacterial host cells or an entirely new library

could be constructed.

Alternatively, a kit such as CLONTECH's GenomeWalker could be used to obtain the

gene by a PCR based approach. This approach utilizes a PCR-based method to 'walk'in

the 5' and 3' direction of known genomic DNA. in this instance, it would amplify

outwards, in both 5' and 3' directions, from the region being sindied.



In ternis of future work arising from this project, there are several areas that need to be

further investigated. Firstly the gene corresponding to the region studied here should be

isolated, as previously described by genomic library screening or by genome walking.

is necessary to characterize the rest of the gene to detemnine whether there is alternative

splicing occurring in other regions of the gene, or ifitis only localized within the K-box

Futurework

region.

Of importance is the issue of biological relevance. Do these cloned transcripts actually

give rise to proteins and are these proteins able to interact? To investigate this, the

different alternatively spliced transcripts could be cloned into expression vectors. The

expression vectors can then be transfonned into E. coli with a reporter plasmid (such as

the luciferase system) with MADS-box DNA binding regions. The activity of the

reporter system can be measured and the abilities of the different protein isof onns to

active transcription of the reporter gene compared. This would show ifthe alternatively

spliced isof onns are competent for DNA binding.

To investigate potential dominant negative functions of the alternatively spliced

transcripts an affinity column method could be used. Both the proteins corresponding to

the major 373 bp species, and the C-tenninally truncated transcripts could be generated

by in vitro translation. The protein of the major species could be His-tagged and attached

to the column. The proteins corresponding to the truncated transcripts could be passed

througlithe colurrm and Gluted, and the Gluted fractions could be run on denaturing gels

to detennine whether there has been anybinding.



It would also be interesting to pertonn Southerns of the RT-PCR with different probes.

For example, the 'intronic' regions could be individually used to detennine which bands

on the RT-PCR, in which tissues, contain the various 'intronic' regions

The multiple clones have all been derived from one reverse transcription perfonned on

tissue isolated from one plant. It would add further validity to the work to pertonn

another reverse transcription on tissue from another plant to confinn that the multiple

RT-PCR bands are genuine and reproducible. It iniglit be possible that the multiple

bands were produced because the reverse transcription was perfonned on one plantthat

exhibited poor splicing efficiency at the time of the experiment. For example, it has been

previously observed that plantintron splicing efficiency is reduced with increased levels

of plant stress (Simpson and Finpowicz, 1996).

interms of more distant future work, experiments to identify other MADS-box genes

from cotton could be undertaken. Since there have been more than 45 MADS-box genes

identified from the model organism, lirabidopsis (Ng and Yanofsky, 2001), it is

reasonable to expect many to be present within the cotton genome. The identification of

more genes could be perfonned by screening cotton genomic libraries with the conserved

MADS-box region as a probe or by perfonning PCR with primers to the ends of the

conserved MADS-box domain.

Althouglinot easy to do, it would be interesting to determine the function of the gene that

the transcripts correspond to. This could be done by generating a transgenic plantthat

has an mactivating mutation in this gene. However, this experiment is probably not be



feasible, given current technology, because of the long time delay (~18 months) and the

possibility of the gene possessing redundant functions.

This region of sequence has been investigated in this projectbecause it corresponds to the

K-box of a MADS-box gene. MADS-box genes have been suggested to have roles in

growth and regulation processes, so the discovery of an apparently alternatively spliced

gene, with expression in the cotton fibres, is of interest. Further investigation of the gene

is warranted because the alternatively spliced fomis of the transcripts may have some role

in cotton fibre elongation.



The aims of the project have been partially achieved. The first aim of investigating

multiple bands on the gel electrophoresis of the RT-PCR led to the cloning of 17

transcripts from O DPA cotton fibre and eig}It transcripts from leaf tissue. There

contained five putative introns, revealed by the consensus 5' and 3' splice sites at the

beginnings and ends of introns. in some clones, regions of DNA were present that

corresponded to these 'introns', as defined by the 5' and 3' consensus splice sites.

Summary

Different combinations of'introns' were shown to be included in some of the clones that

corresponded to the larger bands on the gel electrophoresis of the RT-PCR. The higli

level of sequence similarity of the differenttranscripts, and the conservation of the 5' and

3' consensus splice sites, indicates that these clones correspond to alternatively spliced

transcripts.

Analysis of the anglument of all clones againstthe genomic PCR clone, 24PCRlrevealed

a number of positions in which nucleotides in several clones did not correspond to the

PCR clone. This observation was investigated and four distinct types of

transcript were detected. Three of the four gr. oups of the transcripts identified could not

be derived from the known genomic clone because the sequences of the transcripts were

different from the sequence of the griomic clone. This implied that the transcripts must

be derived from either multiple genes orftom multiple alleles of one or more genes.

genomic

The 25 clones were translated into theoretical proteins and analysed. About half(11/25)

of the transcripts were similar to AGAMOUS, in tenns of the regions of RNA that were

translated. The others were significantly different to AGAMOUS as a result of



translation of regions that appeared to be 'intronic'. I\10 obvious role was able to be

attributed to the alternatively spliced transcripts, but it was of note that both the K-box

and C-tenninal regions would be altered in clones with included 'intronic' regions. in

some clones, the conserved amphipathic or-hences within the K-box would be altered,

while in other clones, the C-tenninalregion would be absent. The o4-hences are known

to be involved in MADS-box dimerization, and the C-terminal region required for

multimerization, so it is easy to envisage that the alternatively spliced transcripts (those

with 'intronic' regions) may have roles different from those of the clones that are fully

processed.
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