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I. Introduction

Cotton fibres are single GPidennalcells developed from the ovule. While a number of

genes expressed exclusively in cotton fibre development have been isolated, the genes

responsible for differentiation offibre cells have not yet been identified (Basra, 1999).

Arabidopsis leaf trichomes could potentially serve as a model for investigating the

genetic mechanism controlling cotton fibre differentiation, as the two developmental

processes have several features in colornon. Arabidopsis trichome development is

well characterised both genetically and molecularly, and provides an excellent model

for plant cell differentiation for several reasons (Marks at a1. , 1991). These reasons

include ease of observation, relative simplicity of the developmental process, and

viabillty of plants with mutant trichomes. One gene shown to be required for

Arabidopsis trichome initiation is TRANSPARENT TESTA GLABRAl(TTGl)

(Koornneef, 1981). This gene has recently been cloned and shown to encode a 341

amino acid protein with four W040 repeats (Walker at a1. , 1999). The TTGllocus

regulates several pathways in Arubidopsis (in addition to leaf inchome fomiation),

including anthocyanin pigmentation, root hair formation, and seed coat mucilage

production. Due to the role played byTTG I marubidopsis trichome initiation, it was

thouglit hornologues of TTGl iniglit exist in cotton to control fibre initiation. Four

putative TTGl hornologues have been isolated from cotton, designated TTG(

TTG(11), TTGOPl andpTTG(c)E2 (Offord, unpublished).



The aim of this project was to test for functional hornologues of the Arabtdopsis

TTGl (AtTTGl) gene in cotton. Four putative TTGl hornologiies have previously

been isolated from cotton, designated TTG(D, TTG(un, TTGOPl and PTTG(c)E2

(Orford, unpublished). Two separate assays were perfonned to test each of these genes

for functional hornology to Arubidopsis 77Gl, which has roles in trichome

development and anthocyariinproduction. The first was atransient expression of these

TTGl-like genes in a Matthiola inco"@ ttgl mutant. Wild-type M. inc@rig has purple

petals, but the ttgl mutant has white petals, due to the arithocyaiiin production

pathwaybeing disrupted (see Figure I)(A. Walker, pers. corium. ).

Figure I: Wild-type M. mean" flower (lofty and ttgl mutant(right).

Each cotton TTGl-like gene was transiently expressed in the mutant M. inco"@ via

particle bombardment. Restoration of the purple petal phenotype in some cells would

demonstrate that complementation of the mutation has occurred, indicating that the

cotton gene used in the bombardment was a functional hornologue of TTG/. The

Arabidopsis TTGl gene was also used in this assay as apositive control.



The second test involved a stable transfonnation of the Arabidopsis jigl mutant, to

datennine if the cotton hornologues could complement the mutant phenotype.

Arabidopsis with a mutantttgl gene exhibits no trichome fonnation and a transparent

testa phenotype (SzyiTianski at a1. , 2000). Mutant plants were to be transfonned with

the four TTGl-like cotton genes via Agrobacterit, in-mediated transfonnation, and

progeny selected for successful transfonnation, and studied for restoration of trichome

fomiation and nonnaltesta colour. As with the M. incana assay, the Arabidopsis

TTGl gene will be used as a positive control.



2. Particle Bombardment ofM, ,ithiol, z: a transient assa.

2.1 Fonnation of constructs for Darticle bombardment

The four cotton TTGl-like genes were cloned into the vector PART7 (Gleave, 1992)

(Figure 2) such that their expression would be driven by the constitutive cauliflower

mosaic virus (CaMV) 35S promoter. This promoter confers litgli-level expression in

all plant tissues (Harpster at o1. , 1988), and hence would enable transient expression

of the TTGl-like genes after particle bombardment.

EC"^pnl Sinal Claj'indjjj
Figure 2: PART7, the 4.9 kb primary cloning vector with ampicillin resistance
(Amp'), multiple cloning site (orange), Nod' restriction sites, cauliflower mosaic
virus 35S promoter (green) and 3' octopine smuthase terminator region (blue)
indicated (Adapted from Cleave, 1992).

Null

AmpR

PART7
(4.9kb)

The original vector containing three of the four TTGl-like genes (TTG(I), TTG(11)

and PTTG(c)E2) wasthe plasmid pBluescript SK(-), whilst TTGOPl was impGEM-T

Easy.

Multiple cloning
site

Xhnl

The multiple cloning site of PART7 containsXhol, ECORl, Kpnl, Sinol, Hindlll, Cml,

.
,

Xbal
BarnHl

Notl

BarnHl and Xbal restriction sites to facilitate cloning of the gene of interest

downstream of the 35S promoter(Figure 3).



35S ACGCTCGAGGAATFCGGTACCCCGGGTTCGAAATCGAAATCGATAAGCTTGGATCCTCTAGAocs

Xhol ECORI Kpnl Sinnl

Figure 3: Multiple cloning site of PART7

Directional cloning into PART7 was accomplished by perfonning a double digest on

the clones containtng TTG(I), TTGOPl, and PTTG(c)E2. However, TTG(ro in

pBluescript contained no suitable restriction Gnuynie sites for cloning into PART7

because the original clone was chimeric. A 508 bp region of orlonown CDl. IA was

inserted 5' ofTTG(ro in this chimeric clone (see Figure 4). This region of unknown

CDNA would preferably be excluded from cloning into PART7. Therefore, instead of

a direct insertion by digestion into PART7, PCR was perfonned on TTG(co to first

clone it into pGEM-T Easy.

Cml Hindlll BarnHI Xbul
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CGACCTTTGG AAATGGCTAA CCGGTCAA. G ACAACCACCC GCA. GT

CCG'ETAA. CC TG'TCTTCTCT G GTGCA. AC AGAA. corTTT G CC C

AA. CAACC TT CCTC'I'CCCGA GA. CCCGAGC ACCCGTGGCC CCATG GT

'TGGTC GCGATAGCCC AATCA. CCGGGAGAGGGTG GATGATATCA.

AATC GTAGC 'TTTCTTTGCC TTGAGATAA. C A GTTCT AA. coC TG TT

TTTCGAAACA AA. 'TTAAGGrT TGT TATGT AA. TTTCTTCG TATTG ATG Unknown
CT GAATATG AAATAA. GGAT GGC'TGCATTG CTGCAG GC TGG GAT 'TA CDNA

CCCT GAATGTATTT GGTATAGGCC TT 'TTT GC coAG TAAG

CATAA. AAATT GTG CTTGAA TTTGT TT'T CTTCTCTGTG CTTT GC

T GT'TAGAAA TAAAGGTTTC TAGTACTC'I'T TGAGCC

GC CGGCTTTGA'I' CCGGTAGTAA CATTTC'TGTG GTATAGCCTT

GGAATA. AGA. A ACCAA. AGGGA GTGGCAGTGG AA ^ CCG CTAGCAGCGA

TCCTAACCCG GAGGGTTCCG ATGAGCAGCA GAA. ACGATCC GAGATATACA

CTTACGAGGC CCCTTGGCAT ATCTACGCCA TGAACTGGAG TGTCCGCCGC

GACAA. GAAAT ACCGTCTCGC CATCGCCAGC TTGCTCGAGC ATTACAA. CAA.
CCGCCTTGAG ATTGTCCAGC TCGATGACTC CAA. TGGCGAG ATCCGATCGG
ACCCAAATCT CTCCTTCGAT CATCCTTATC CCCCGACCAA. GACCATCTTC
ATCCCCGACA AGGAGTGCCA GAA. ACCCGAC CTTCTCGCCA CGTCCTCCGA

CTTCCTCCGC ATTTGGCGCA TCTCCGATGA CCACTCCCGC GTCGACCTCA
AGTCTCTCCT TAATGGCAAT AA. GAA. CAGTG AA. TTCTGCGG TCCTCTTACC
TCCTTCGACT GGAA. TGAGGC GGAGCCCAA. G CGAATCGGCA CCTCCTCCAT
TGATACGACT TGTACTATAT GGGATATCGA GAGGGAGACG GTGGATACCC
AGCT'TATCGC CCACGATAAG GAGGTTTATG ATATTGCCTG GGGCGGCGTC
GGTGTTTTTG CTTCCGTCTC TGC'TGATGGG TCCGTTAGGG TTTTCGACCT
GCGCGACAAG GAGCACTCCA CTA'TCATTTA TGAA. AGTTCG GAGCCCGATA

CTCCGCTTGT ACGGTTGGGG TGGAA. CAAGC AGGACCCGAG ATATATGGCTTTG(U)
ACTATAA. 'TTA TGGACAGTGC TAA. GGTTGTT GTTTTGGATA TCCGCTTCCC
GACACTGCCG GTAGTTGAGC TGCAGAGGCA CCAGGCTAGC GTCAA. TGCCA
TCGCATGGGC ACCCCACAGC TCTTGCCACA TTTGCACCGC CGGGGATGAT
TCCCAGGCCT TGATTTGGGA CTTGTCCTCC ATGAG'TCAGC CTGTGGAGGG
TGGGCTTGAC CCCATCCTTG CCTACACCGC TGGGGCTGAA. ATCGAGCAGT
TACAGTGGTC ATCTTCCCAG CCTGATTGGG TTGCCATCGC CTTCTCCACC

GGGATTGGTA TATTGGGTCG

TAGTAATTGT ACTCAGATCT

AGAGGAA. TAA. CAAGATTGTT GCTGTCGTTG TGTCTGAGCT GACTAA. AAGT
CCCAA. AA. CTG TTTTGGTTTT CCTGT'TGTTT CGTTTGTC'TT CAA. CATGTTT
GGATAGTTGA TTGAACACCA ATCTCTTTAT TCTGTTCTTA 'I'TTTAGTGTT
TCCCATTCCT TTACATCCAA. ACCTTTCCCT GTTTTATTGT AGTTGTGAGA
GCAA. AAGAGC TGCAGACTCA TTTTTTTAGA ACGCATGGGA AGCAGTGATT
TATGGACCCT GAA. CTGAA. AC ACAAGATCAA. GACGACCACT CTTTGCTGTT
TGGTTTATGC AA. CATAATCT TTGTCGTTCT GTTGGACAAG ATGAGTGTGT
TTTCAGTTTA TTTGGTTG'TC TGATAAGTTT GATTAGTTAC TATAA. ATGTG
ATAA. ATGATG GGCAGGAAGA TATGGGTGGC TTACCCTGGG CTGCTTTCAG
ATGCTTGTGT TGTGTTAATG TTAA. AACTAG CTTTAGCCAT AA. ^

AAGCTTCAGA TTCTCAGGGT ATGA G T

TATTCAA. TGC TAA. ATTGCTA ATTCAT TC

.

Fi "re4: TTG I insertse menceim Bluescri t

Blue shading represents miloiown CDNA, yellow shading represents TTG(U)region.
Binding site of primer ttg2bplis signified by red. Start and stop codons ofTTG(un
are indicated by gi'Gen boxes.

.



2.1a Isolation and cloning ofTTG(11)

in order to exclude the 508 bp segment of unknown CDNA prior to 11gation into

pGEM-T Easy, a primer was designed to bind a 20 bp region 3' of this unknown

section, but 5' of the initiation codon ofTTG(11) (Figure 4). This primer contained an

engineered BarnHlsite in order to excise the TTG(11) gene from this point in the next

doning step, excluding the section of unknown CDl\{A. The primer was designated

ttg2bpl, and its sequence was as follows:

Binding regionBornH/

ttg2b01: 5' GGGGATCCAAGAAACCAAAGGGAGTGGC3'

PCR was carried out on the TTG(11) clone in pBluescript, using the ttg2bpl primer

and the reverse sequencing primer (RSP) of pBluescript to amplify a 1.9 kb region

containing the TTG(11) gene (Figure 5). The conditions for the PCR were as follows;

initial denaturation at 94'C for 2 minutes, followed by 30 cycles of denaturation at

94'C for 30 seconds, primer amiealing at 53'C for 30 seconds, and extension at 72'C

for2 minutes, followed by final extension at 72'C for4 minutes.



100 1120 11200

3kb-

1.9kb-

11/0'

Ikb-

Figure 5: PCR of TTG(11) gene in
pBluescript using RSP and ttg2bpl
primers. Above each lame the dinutiom of
alka"me Iysis rimmiprep used as the
template is indicated. Amplification of
the required 1.9 kb band is displayed in
each lane, with different dilutions having
apparently little effect

As pBluescript possesses the same antibiotic resistance gene (Amp') as pGEM-T

Easy, the PCR bands were required to be extracted from the gel before Iigation into

pGEM-T Easy. This was perfonned to reduce the chance of recovering TTG(11) in

pBluescript. Gel extraction was perfonned overthree PCR bands using the QIAGEN

gel extraction kit. After Gluting in 50 111 I X TE and ethanol precipitation, the DNA

wasresuspended in 10 ILL dH20. Approximately 200 rig of DNA (3 FLL) was added to

the Iigation reaction with 50 rig ofpGEM-T Easy. After heat-shock transfonnation at

42'C using CaC12-competent cells (DHS(xF') (Sambrook, 1989), bluerwhite selection

was carried out on an ampicillinplate (supplemented with ITFG and X-gal)to identify

recombinants. Alkaline Iysis minipreps (Sanibrook, 1989) were perfonned on three

white colonies, and these were digested with ECORlto check for the presence of the

TTG(11)insert. Ifthe TTG(11) gene wasligated into pGEM-T Easy correctly, an ECORl

digest was expected to give fragments of 2.9 kb, 1.5 kb and 400 by (Figure 6A). The

digests produced the expected fragments, as shown in Figure 6B.



A

TFG(11)
1.9 kb

EGORT \,- I-
400bp 7 1.5kb

EGORT

Figure 6: ECOMdigestiom ofTTG(11) in PCEM-T Easy.
(A) Expected fragment sizes for ECOM'digest ofTTG(11)inserted correctly

into pGEM-T Easy.
(B) Agarose gelofEcoRldigestion of the three colonies tested (I-3)

pGEM-T Easy
2.9 kb

B

A, I

Figure 6B demonstrates that samples I and 2 contain the TTG(11) PCR product in

pGEM-T Easy, as they display the expected fragment sizes. The fragments generated

from sample 3 are inconsistent with expectation. Plasmid DNA from clone #2 was

sequenced with the SP6 and T7 primers, which confinned that ITG(11) had been

correctly Iigated into pGEM-T Easy.

43kb-

2.3kb-

2.0kb-

EGOFiT

2 3

570bp.

l-2.9kb

l-1.5kb

2.1b Cloning of cotton TTGl-like genes into DART7

The next step was to transfer the four cotton TTGl-like genes from their respective

vectors (TTG(I) and TTG(c)E2 in pBluesctipt, TTG(11) and TTGOPl in pGEM-T

Easy) into the PART7 plasmid. This was achieved by excising each gene by the

restriction digests shown in Figure 7. PART7 was digested with the appropriate

enzymes to provide the desired sticky ends for cloning of each of these inserts. The

enzymes used for digestions are detailed in Figure 7.

l-400bp



Insert

TTG(I)

TTG(11)
TTGOPl

PTTG(c)E2

Excised with

BornHl and Hindlll

Barnm

Singl and $j?81

foolandKp"I

* Digestion with Sipel andXbolprovides compatible ends for jigation.

Figure 7: Excision of each TTGl-like gene from their respective PIasnitd by
digestion.

After a three-hour digestion at 37'C, each of the four PART7 digests was phenol-

Expected size
1.3 kb

1.9 kb

1.7 kb

1.9 kb

chiorofomn extracted and ethanol precipitated to purify the plasmid DNA. PART7

digested for TTG(11) insertion (BornHl single digest) was Cm-treated to suppress re-

Iigation of the vector. This was not necessary forthe remaining three vector digests, as

Digest PART7 with
BornHl and Hindlll

Barnm

SinglandXboj*

XbolandKpnl

these were prepared as double digests, and the two restriction sites used were

incompatible.

Gel extraction of each TTGl-like gene from the original vector was required because

both vectors containing the genes of interest(pGEM-T Easy and pBluescript) possess

ampicillin resistance, as does PART7. Approximately I rLg of each construct was

digested (as detailed in Figure 7) to excise the desired fragment from the vector (see

Figure 8).



A,

4.3kb-

2.3kb-
20kb-

2 3 4

570bp-

Figure 8: Cloning digests of the four TTGZ-like genes
I) TTG(Dim pBl"escript(excised band 1.3 kb)
2) TTG(ID impGEM-T Easy (1.9 kb)
3) TTGOPlinipGEM-T Easy (1.7 kb)
4) PTTG(c)E2 jin pBluescript(1.9 kb)

I vector

I excised TTGl-like gene fragment

After extracting the lower bands of each digest using Qiagen Gel Extraction Kit, and
Gluting in 30 F1L Tris-C1, 2 ILL of each was run on a gel to ensure sufficient DNA was
present(Figure 9)

23kb-

94kb-

6.5kb-

4.3kb-

A, I 2

2.3kb-

20kb-

3 4

Figure 9: Gelfragment preparationsto be
ingated into PART7

Lane I: TTG(I)(1.3) kb
Lane 2: TTG(ID (1.9) kb
Lame 3: TTGOP1(1.7) kb
Lame 4: PTTG(c)E2 (1.9) kb

For 11gation into PART7, 5 ILL (approximately 200 rig) of each fragment was added to

50 rig of the appropriateIy digested PART7 vector, plus T4 DNA Iigase and buffer,



with incubation ovemiglit at 16'C. Ligation reactions were also perfonned on the four

PART7 digests alone (no insert DNA) as a negative control. These Iigations were

transfonned into CaC12-competent cells using the heat-shock method. Un-Iigated

PART7 (digested for each of the fourinserts) was also transfonned to check the levels

of undigested plasmid present. When plated onto ampicillin, the un-Iigated plasmids

resulted in almost no colonies on the four plates, indicating a low level of undigested

PART7. Re-Iigated PART7 prepared forthe fourinsertsresulted in a smallnumber of

colonies, demonstrating that the level of PART7 digested by only one of the enzymes

in each pair was low, and that CIP-treatment of BarnHl digested plasmid had been

successful. Ligations with the insert present resulted in 10-fold the number of colonies

compared to the negative controls; an indication that all four Iigations had been

successful.

To test colonies for the correctinsert on the TTG(I) and PTTG(c)E2 Iigation plates, a

rapid Iysis boiling prep was perfonned using 1.5 inI of culture gi. own from five

TTG(I) colonies and ten PTTG(c)E2 colonies. PCR was perfonned on 12 colonies on

the TTG(11) Iigation plate, and 20 colonies from the TTGOPl plate to test for the

desired insert.

Verification ofTTG(I)integration into PART7

Notl and Cml digests were perfonned on the five colony preps to check for correct

TTG(I) Iigation into PART7. Cml linearises the construct by cutting within the

multiple cloning site of PART7 (Figure 10). The expected fragment size resulting



from Cmldigestion would therefore be 6.2 kb ifthe insert was present, or 4.9 kb ifthe

vector alone was present. PART7 has two Notlrestriction sites in PART7, such that

Non digestion would produce fragment sizes of 2.0 kb and 2.9 kb. Ifthe TT'G(I)insert

had been correctly Iigated into the PART7 MCS, the expected fragments sizes would

be 3.3 kb and 2.9 kb. (Figure 10).

PART7 4.9kb

Ial
.^^

Figure 10: Cml (left) and Notl (right) digestion of TTG(I) in PART7, with
expected fragmentsizesshown.

2.9kb
--...-..--

I~'-

.\

I \
' PART74.9kb I

TFG(I)
1.3kb

./../

Approximately 200 rig of DNA from each rapid Iysis boiling prep was digested for 2

hours at 37'C with Notlor Cml. The results of these digests are shown below (Figure

11). PART7 alone was digested as a control.

Non

TFG(I)
.3kb _..,,

^

3.3kb

Notl



PART7Nod

^., I 234 5 *I

23kb-
9.4kb-
6.5kb-
4.3kb-

2.3kb-
2.0kb-

Cml PART7
12 3 4 5 I,

Figurell: Notl (left) and Cl"I (right) digestion of TTG(DIPART7 ingation
samples 1-5.

Figure 11indicates that TTG(I) was correctly inserted into PART7 in allfive samples,

as the 2 kb band from the Notl digest of PART7 alone has 'increased' in size to

approximately 3.3 kb, althouglisample 5 did not show clear bands. The Cmldigest,

where allfive samples show an increase in size compared to PART7 alone, confinns

the insertion ofTTG(I) into PART7. Plasmid DNA from clone #I was subsequently

sequenced, which confinned that the Iigation was successful (see Section 2.2 and

Appendix A).

Verification ofTTG(111 integration into PART7

To test for the presence of the TTG(11)insert in PART7, PCR was perfonned on 12

colonies. As the integration ofTTG(11)into PART7 was not a directional cloning step,

PCR was also used to test forthe correct orientation ofTTG(11). This was



accomplished using the internal TTG(11) primer, PTTG4 and the external primer

PART7A, which bindsthe vector upstream of the multiple cloning site of PART7 (see

Section 2.2). If the insert were in the correct orientation in the vector, these primers

would amplify a 650 bp region. However, if the insert were in the incorrect

orientation, both primers would extend in the same direction, and there would be no

amplification.

PART7a

PART7
650bp
I'~I

pTFG4 .5' 3'

TTG(U)

CORRECT ORIENTATION

Figure 12: Correct (left) and incorrect (right) orientation ofTTG(11) in PART7,
with the 650 bp region to be amplified indicated in the correct orientation.

The results of the PCR of samples 1-12 are shown in Figure 13.

35S I

PART7a\ 3' TTG(rin 5'
PTTG4

INCORRECT ORIENTATION

PART7

\

~~7
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23kb-
6.5kb-

2.0kb-

570bp-

Figure 13: Agarose gelof PCR using PART7a and PTTG4 primers to amplify a
650 bp region with TTG(ltI) in the correct orientation msamples 1-24. NO DNA
was added to the negative control.

8 9 10 1/12-ve

The results in Figure 13 show that samples I, 2, 4, 5, 11 and 12 contained the ITG(11)

insert in the correct orientation, as all generated the expected 650 bp band on the gel.

Sample 2 was sequenced to confinn the Iigation had been successful(see Section 2.2

andAppendixB).

Verification ofTTGOPlimtegration into DART7

PCR was pertonned on 20 colonies from the TTGOPl/PART7 Iigation plate, using

internal primers PTTG2B and PTTGl(Orford, unpublished), which amplify a 570 by

region of thenGOPl gene (Figure 14).



100 + I 2 3 4 5 6 7 8 9101/12/31415161718 1920-ve

3kb-

Ikb-

500bp-

Figure 14: Agarose gelofPCR ofTTGOPl/PART7 ingation colonies(samples I-
20) with primers PTTG2B and PTTGl. The original PGI^;M-T Easy clone
containing the TTGOPl gene was amplified with the same primers as a positive
control. NO DNA was added to the negative control.

This result demonstrates that several clones (3, 5, 9, 12, 16, 18, 20) contained the

TTGOPl insert, since they all displayed the amplified 570 bp region. Sample 5 was

subsequently sequenced to confimn the successful 11gation (see Section 2.2 and

Appendix C).

Verification of PTTG(c)E2 integration into DART7

A rapid Iysis boiling prep was perfonned on 10 colonies resulting from the

PTTG(c)E2 Iigation into PART7. Each was digested with 70/01, which cuts within the

PTTG(c)E2 gene, and in the MCS of PART7 (see Figure 15).



PART7 4.9kb

Xhol

Figure15: XIioldigestion of PART7 with PTTG(c)E2 inserted.

pTFG(0)E2
1.9kb

800bP Xhol

If the PTTG(c)E2 insert had been successfully Iigated into PART7, a XIIol digest of

the construct would be expected to give a 6.0 kb and 800 bp fragment. The PART7

vector alone would show a single 4.9 kb fragilent. The results of the digest are shown

in Figure 16.

-.,..

A. , 12 3 4 5 6 7 89/010o

23kb-
9.4kb-

6.5kb-

4.3kb-

2.3kb-

2.0kb-

570bp-

Figure 16: Agarose gelofXhol
digest of potential PTTG(c)E2 in
PART7 constructs (samples I-
10).

-Ikb

l-800bp

-500bp



Figure 16 shows that theftol digest of clones 3, 4, 5, 6 and 8 produced the expected

fragments of approximately 6 kb and 800 bp, while samples 2, 9 and 10 reflected the

PART7 vector only, with a single band at 4.9 kb. Sample 8 was subsequently

sequenced, to confirm the 11gation had occurred correctly (see Section 2.2 and

Appendix D).

2.2 Sequence Analysis of constructs for particle bombardment

After template DNApurificationusing the Bio-rad Plasmid Miniprep kit, eachpART7

construct was sequenced using internal primers that were specific for each inserted

gene (Orford, unpublished). All of these sequences matched their original gene

sequence (Orford, unpublished), as expected. However, these sequences showed only

that the gene of interest was present, nothow it was orientated into PART7, as none of

the vector is sequenced in these reactions.

To gain information aboutthe nature of the genes'integr. ation into the vector, external

primers were designed to bind upstream and downstream of the multiple cloning site

of PART7 (designated PART7A and PART7B)(see Figtire 17B).
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Figure 17: (A) Diagram of PART7 multiple cloning site (orange) flanked by 35S
Call^IV promoter (green) amd the 3' octopime synthase terminator region (blue).
(B) Sequence of PART7 MCS and flanking primer sites of PART7A and
PART7B (shown in red).
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Using either of these primers (PART7A or PART7B), the gene of interest can be

sequenced in the context of the PART7 vector. These primers have an additional

advantage in that they can be used in PCR to test for presence or size of an insert in

the MCS of PART7 withoutbeing specific forthe gene of interest.

<- PART7B

Czar HindZTZ BarnlZ

Appendices A-D detailthe data obtained by sequencing each of the four constructs

with PART7A and PART7B in conjunction with internal primers specific for each of

the TTGl-like cotton genes (Figure 18). These sequences were as expected,

confinning that all four genes had correctly Iigated into the MCS of PART7.
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Figure18: Sequencing schemeforeach clone. The two PART7 primers(PART7A
and PART7B) flanking the MCS were used to sequence each clone, while
internal primers for each gene (shown in red) were used to complete gaps in the
sequence. Restriction sites used for Iigation into PART7 are indicated.
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2.3 Particle Bombardment

Introduction

The principle of particle bombardment is to use higli-velocity microprojectiles to

penetrate outer cell walls in order to introduce genetic material into living cells. DNA

is coated onto the microprojectile (gold particles to be used in this investigation), and

accelerated to velocities of approximately 300 ILi/s to penetrate intact plant cell walls

(Oard, 1993). The particle injection gun accelerates particles directly in a stream of

low pressure helium (Vain et a1. , 1993). The process is pertonned in a vacuum

chamber to reduce the air friction of partiales and tissue damage.

Mincancz mutants wereused for particlebombardments. The white petalphenotype of

tglmutants wastested for complementation by bombarding petals with cotton TTGl-

ike gene constructs, and inspecting for arithocyanin induction within transfonned

cells. Chalcone synthase (chs) mutants were also bombarded as a negative control.

Chalcone syrithase is involved early in the arithocyanin biosyiithesis pathway, while

TTGlis involved in later regulatory steps (Granam, 1998). The chs mutant in M.

inc@rid also produces the white petal phenotype. Transformation of the chs mutant

with AtTTGl is not expected to produce purple spots of arithocyanin and therefore

provides an ideal negative control for this assay.

M. i"c""" bombardment procedures

A selection of flowers for transient expression assays was removed from Matthio/a

incona ttgl (line 17) or chs (line 18) mutants, and were placed onto a sterile petri dish

containing Murashige and Skoog (Ms) media and 0.75% (w/v) agar until
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bombardment (Figure 19B). The M. incon" plants used were sterile, due to

chromosome rearrangements (Lesley, 1973). There was therefore an experimental

advantage to using these plants, as cells of the petal still expand, but cell division

stops once petals have fonned. The ttgl hornologue within the mutant line 17 (itgl

mutant) has been sequenced and shown to contain a lesion (arginine substitution for a

tryptophan)in one of the WD-40 repeats (Figure 33)(A. Walker, pers. coin. ).

Each of the PART7 constructs was purified using the QIAGEN inidi-plasmid kit,

yielding DNA concentrations ranging from 2 to 4 Itg/!11. I micron gold partiales were

used as the vehicle for the bombardment. For each round of transfonnation (eiglit

bombardments), 8 ing of gold was prepared by washing in cold ethanol and sterile

water, before resuspending thorouglily in a final volume of 100 111 of water. 10 11g of

plasmid DNA was then added to the gold suspension, followed by the addition of 40

^I 0.1M spermidine and 100 ^I 2.5M CaC12 with gentle vortexing to precipitate the

DNA onto the gold. The DNA-coated gold suspension was pipetted onto each ofeig}It

Swinney filter holders (Figure 19A), and allowed to dry for 10 minutes. The filter with

absorbed gold particles was then screwed into the particle injection gun, and a M.

incona flower placed approximately 25 cm beneath it(Figure 19C). The chamber was

then evacuated to 90 psi and petals bombarded with the DNA-coated gold particles

via helium injection for 0.12 milliseconds. Bombarded flowers were then incubated

on Ms plates at 25'C for approximately 40 hours before examination for purple spots

of arithocyanin.
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Figure 19: Particle bombardment procedure. (A) Swimmey inter holders onto
which DNA-coated gold particles are placed. (B) A M"tthiol" flower placed on
Ms agar. (C) The particle injection gum.

2.4 Transient functional assay: Positive control

To ensure that the partiale preparation and bombardment conditions were suitable,

bombardment was first perfonned using the Arabidopsis TTGl (AirTGl) gene as a

positive control(cloned into PART7; A. Walker, pers. corium. )., 4tTTGl bombardment

ofM. incono ttgl mutant petals has previously been shown to produce purple spots of

arithocyanin (A. Walker, pers. cornm. ).

Particle bombardment was perfonned on fourM. incono ttgl mutantflowers, and four

chs mutants as a negative control Purple spots of arithocyanin were observed by the
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naked eye on the four ttgl M. inc@"a mutant flowers approximately 40 hours after

bombarimient (Figure 20 A-D). The anthocyaiiin spots increased in intensity until

approximately 60 hours after transfonnation. No spots were observed on any of the

four negative controls (I;'igure 20 E).

.,;";*,,,;, .: . . ,

' tai'fill:,,. ,

^

3mm

0.5

Figure 20: FourM. inc@"" ttglflowers (A-D) 48 hours after transformation with
At77Gl displaying purple spots of arithocyanin, and cfos mutant (E) with
negative result.
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2.5 Particle bombardment of Matthiola. with cotton I"TGZ-like

Once the bombardment conditions were shown to be suitable for this assay (see

Section 2.4), biolistic transfonnation was perfonned on M. inc@rig ttgl mutants with

each of the four cotton TTGl-like genes to test for complementation of the mutant

phenotype. in each experiment, two different genes could be bombarded. filthe first

experiment, TTG(D and TTG(110 constructs were each used to bombard three sample

flowers from the M. inco"a ttgl mutant with the chs mutant as a negative control.

After approximately 40 hours at 25'C, purple spots of anthocyariin were visible on

two of the three ttgl flowers bombarded with TTG(I) (Figure 21). None of the petals

bombarded with TTG(ro, nor either of the chs mutant negative controls, showed any

sign ofpurple anthocyariin production.

enes

11nm

Figure 213 Two of the M. incana ttgl mutant flowers transformed with cotton
gene 'I'TG(I) .

^

2mm
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filthe next series of bombardments (pertbnned several days later), cotton genes

TTGOPl and PTTG(c)E2 were tested for functional hornology to TTGl, again by

bombarding each onto three ttgl M. inc@"a mutant flowers with a chs mutant flower

as a negative control. After approximately 40 hours incubation at 25'C, purple spots

were observed on anthree itgl mutant flowers bombarded with TTGOPl, but on

none of those transfonned with PTTG(c)E2 (Figure 22). No arithocyaiiin produciton

was observed on either of the chs mutantflowers.
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Figure 22: Purple patches of arithocyamim from TTGOlPI bombardment of three
ttglM. inc""" mutantflowers.
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It was observed that in both rounds of bombardments, the first gene construct

transfonned (TTG(I) and TTGOPl) produced purple patches of arithocyanin, whereas

the second gene bombarded gave a negative result. To rule outthe possibility that the

results obtained were a consequence of favourable conditions for gold particles

prepared and bombarded first in each pair, the transfonnations were repeated, butthe

order of bombardment wasreversed.

Optimization of particle bombardment

filthe replicate experiments, the flower being transformed was placed approximately 5

cm closer to the partide guilthan in previous bombardmentsin an attemptto improve

efficiency of transfonnation to enable results to be viewed more easily. This second

round of experiments verified the results of the original bombardments, with TTG(I

and 'F1'GOPl producing purple patches of anthocyanin on bombarded petals. Some

petals were observed to undergo a 50-fold increase in the number of purple patches,

compared with the original bombardments (see Figure 23). The intensity of

arithocyanin spots also increased in the repeated bombardments, suggesting that the

decrease in distance between the particle injection gun and the flower being

transfonned considerably increased the efficiency.
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Figure 23: Increased intensity and frequency of purple arithocyanim patches.
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Transformation

The purple patches observed were not single transformed cells, but gi. oups of cells,

allowing visualisation with the naked eye. It has been shown previously that

complementation of a M. incona bHLH mutant(line 19, A. Walker, pers. conmi. ) by

particle bombardment results in only single cells containing visible anthocyanin.

roduced multi-cellular s ots

Therefore, the multi-cellular spots observed complementing ttgl mutants is unlikely

to be due to clusters of cells being hit by gold particles, or diffusion of arithocyanin

between cells, as this could have equally occurred when complementing the bHLH

mutant. The presence of multi-cellular spots in the tigl mutants may indicate that cell

cell communication has occurred. The TTGl protein itselfmay move between cells,

or may regulate a biosynthetic intennediate that is transported between cells.

Variation in arithocyamin patches

The size of the arithocyanin spots varied between bombardments, as did the intensity

of the pigmented areas. These variations could be caused by a number offactors, The

stage offlower development, or varying flower shape, may affectthe receptiveness of

the target plant tissue to express foreign DNA, or susceptibility to damage may vary

between flowers. Additionally, a range of transcription factors is required for a flower

to be competent for arithocyaiiin production, so a lack or decrease in purple patches in

a petal may simply reflect a low level of certain transcription factors. There may be

variation from shot-to-shotin the amount of DNA-coated gold particle added to each

filter, the amount of DNA precipitated onto the particles, and small variations in

particle acceleration from the injection giin.



One etal onI

in some cases, a single petal of a M@tthiolo flower showed strong anthocyarxin

production, while surrounding petals of the flower remained unchanged (F'igure 25).

This may simply be due to a petal being in a prominent position at the time of

bombardment. However, this situation appeared to occur primarily in flowers that

were just opening, indicating that cells may only be competent for transient gene

expression and anthocyanin production daring a specific time period of petal

development.

offlower dis Ia ed ur Ie atcines

Figure 24: Example of a single petal transformed, where surrounding petals
show ino purple arithocyamin.
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Detached etalsshowed 110 arithoc anim induction

in addition to complete flowers, detached petals on Ms agar were also bombarded

with the four cotton genes (Figure 25). Arithocyariins were notinduced in any of the

detached petals, when bombarded with any of the cotton TT'Gl-like genes. This may

have been due to damage caused to the single petals by the bombardment, or the

reduced capacity of the detached petals to survive for over 40 hours on the Ms agar.

SeriesCGnce signals from the flower may be required for arithocyanin production to

occur.

Figure 25: Detached petals bombarded with cotton TTGl-like genes produced
negative results.

Sinm



Arithoc anim

in some cases, purple patches of arithocyaiiin were seen in increased intensity along

the edges of petals (Figure 26).

atcines fre Lentl observed alon ed. esof etals

Figure 26: Purple arithocyamim localised along edge ofM. inc""" ttglpetal

The presence of these anthocyanin clusters may have been caused by the petal edges

being prominently exposed at the time of bombardment. Alternatively, these clusters

may have been due to the expansion of GPidemialcells outwards to the tip of the petal

as the flower develops. While spots in the nitddle of petals would spread out and

diffuse as cell expansion occurs, arithocyariin patches near the edge of petals would

accumulate at these boundaries, causing an increase in arithocyariin intensity. another

possible explanation is that cells located at the edge of petals maybe more susceptible

to transfonnation by particle bombardment.

^
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msurnmary, two of the four cotton TTGl-like genes, namely TTG(I) and TTGOPl,

were able to complement a itgl mutation in Matthiol@ incana, thereby restoring

arithocyanin production in petals. It is possible that proteins produced by the two

cotton genes act in a similar way to Arabidopsis ITGl and may therefore play a

pivotalrole in trichome, or cotton fibre, development.



3 112rob"cteri, ,in-mediated transformation of fir"bidonsis: whole-
nlanttramsformatiom

3.1 Introduction

The bacterial plant pathogen Agrobacterit, in twinefaciens carries a large tumour

inducing (Ti) plasmid, a segment of which is designated T-DNA. The T-DNA

segment is transmitted by A. turnt:factens into individual plant cells, where it

penetrates the plant cell nucleus. The T-DNA is then integrated randomly into the

genome, where it is stably incorporated and inherited. Agrob@cterit, in-mediated

transfonnation takes advantage of this natural plant transfonnation system to stably

transfonn genes of interest into particular plant species. A. twine/'octens is 'dis-armed'

by removing oncogenic genes responsible for the fonnation of rumours, and in their

place virtually any gene of interest can be inserted. This results in the stable

integration of the desired gene within the plant genome after infection with this altered

strain of Agrob@cterium.

kithe Agrobocetri"in-mediated transfonnation method, A. twine/'octens carrying a

cloned gene of interest is applied directly to mature flowering Arabidopsis plants. The

flowers of the plant to be transfonned are submerged into an Agrobacterium solution

harbouring vectors which contain the gene of interest. This method introduces the

bacteria into intercellular spaces within the plant tissue, so infection of the plant can

occur.

minvestigating functional hornologyto AtTTGl of the four cotton TTGl-like genes, it

is the function of trichome initiation which is most relevant to cotton fibre
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development. It is for this reason that the putative cotton TTGl hornologues were

tested for complementation of the ttgl mutant phenotype in a second assay in

Arabidopsis. Additionally, much of the variation observed in the M. ^nc@rid functional

assay is likely to be caused by the bombardment process, and a stable transfonnation

is required for stronger evidence of functional hornology to AtTTGl. Restoration of

trichome formation and complementation of the transparent testa phenotype in the

seed coat of Arabidopsis ttgl mutant will confinn the results from the transient assay.

3.2 Preparation of constructs

Whilst the PART7 constructs were suitable for particle bombardment, a further

cloning step was required for, 4grobacteri"in-mediated transfonnation of Arabidopsis.

For Agrobocterit, in-mediated delivery of a gene into plants, the DNA is cloned into a

binary vector, in this case PART27 (Gleave, 1992). This binary vector contains the

RK2 minimal replicon (SGImiidhauser et a1. , 1985) for replication in both E. coli and

A. twine/'@ciens. PART27 also contains a kanamycin resistance gene, so transfonned

progeny of plant can be selected

To clone each cotton TTGl-like gene into PART27, the expression cartridge of

PART7 (comprising the CalvlV 35S promoter, the gene of interest, and the 3'

transcriptionaltenninator region of the octopine synthase gene) was transferred as a

Not/fragment into the binary vector. (Figure 27)(Gleave, 1992).
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Mulliple cloning
site .,.

,
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Figure 27: Ligatiom of PART7 expression cassette into the binary vector PART27
containing right and left borders (red arrows), kanamycin resistance gene
(green) and ICCZregiom with NotJsite. (Adapted from Cleave, 1992).
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A Not/ digestion was perfonned on 2 FLg of each of the four cotton TTGl-like genes

and AirTGl in PART7. The size of the Non fragment to be Iigated into PART27

ranged from approximately 3.2 kb for the lirabidopsis tigl gene insert up to 4 kb for

the PTTG(c)E2 insert. All agarose gel of the Notldigest of the five constructs shows

the 2.9 kb backbone of PART7, and the larger expression cartridge (Figure 28).
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Figure 28: Notldigest of, rabidopsis
TTGl gene (A) and the four cotton
TTGl-inke genes (I-4) in PART7. The
lower band is the 2.9 kb segment
remaining of PART7, whine the

bandhigher therepresents
expression cartridge to be ingated
into PART27.

filthis case there was no need for a gel extraction, as PART27 has the kananiycin

resistance gene, whilst PART7 has ampicillin resistance. As a consequence of this,

only cells containing 11gations of the PART7 expression cartridge into PART27 (or

PART27 re-11gations) would survive on kanamycin plates. PART27 also contains a

incZ region for blue/white selection of colonies, so re-Iigation of the vector was easily

identified.

The fragments shown in Figure 27 were purified by phenol/chlorofonn extraction,

followed by an ethanol precipitation, and resuspension in a final volume of 15 ILL.

Approximately 500 rig (5 F11) of these purlfied fragments was added to 50 rig of Not/-

digested PART27 plasmid (which had also been purified by a phenol/chlorofonn

extraction and Cm-treated) for the Iigation reaction at 16'C overnight.
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initially heat-shock at 42'C was perfonned to transform the Iigations into CaC12-

competent cells. However, this method failed to generate any colonies when plated

onto kanamycin plates. This lack of colonies was most likely due to the large size of

the PART27 plasmid (10.9 kb). With the inserts correctly 11gated into PART27,

constructs to be transfonned had an expected size of approximately 15 kb. Heat-shock

transfonnation was subsequently attempted using cells (DHSo!F') prepared by the

method described by moue at o1. (1990), which are capable of a much higlier

efficiency of transfonnation (2xlO'transfonnants per F1g of DNA compared to IxiO'

for CaC12-competent cells (Hengen, 1996)). I rig of uncut PART27 was transfonned

using these competent cells as a positive control, and generated approximately 1000

colonies, indicating that a much higlier transformation efficiency had been achieved.

The five constructs were then transfonned

generated from these Iigations of the four cotton TTGl-like genes and AtTTGl into

PART27 were selected. Alkaline Iysis minipreps were perfonned on each, which

were digested with Nodto test for the presence of the expression cassette. Each gene

of interest was shown to have been inserted correctly, with the Not/ digest displaying

a 10.9 kb band for the PART27 plasmid, and the expected size of the expression

cassette (Figure 29). The orientation of the insert into PART27 did not matter, as the

35S promoter from PART7 would drive expression of the gene of interest regardless

of the orientation.

using this method. White colonies
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Figure 29: Notldigests of the five PART27 constructs(, rabidopsis TTGl (lane A)
and four cotton genes (lanes 1-4)), and PART27 alone (lane 5).

l-10.9 kb PART27

3.3 Transformation of Agrobacterium

I- Expression cassette

Each PART27 construct was purified with the QIAGEN inidi-plasmid kit in

preparation for transfonnation of Arabidopsis, these plasmids were transferred to

Agrobczcterit!in by electroporation (Walkerpeach and Velten, 1994). 200 rig of plasmid

DNA was added to 40 F11 of electro-competent cells, which were then pulsed at

specified settings and leftto recover in I inI of LUTia broth for 4 hours prior to plating

onto YEB agar with kanamycin. Allagrobacteriwm miniprep was performed on

colonies fomied after incubation at 28'C for approximately 72 hours. PCR was then

carried out on each miniprep using internal primers specific for each gene to ensure

the plasmid had indeed been transfonned into the Agrobacierium. The results of the

PCR (Figure 30) showed that each construct had been successfully transfonned into

Agrobacierit, in.



TTG(D TTG(in

100+ I 2 3-ve + I 2 -ve

A

Ikb-

620bpt
500bpf

Figure 30: PCR off18rob"ctert"in minipreps using gene-specific primers.

A) TTG(I)samples 1-3 (expected sire 620 bp) and TTG(11)samples land 2 (500 bp)
B) TTGOPlsamples I-3 (570 bp)
C) PTTG(c)lB2 samples 1-5 (1.1 kb).

100 +I 2 3 -ve

TTGOPl

Positive controls (+) for each gene were obtained by amphfyinig the original clone
known to contain the gene of interest with the same primers as the samples
tested. NO DNA was added to the negative controls (-).

Ikb-

570bpl

PTTG(c)E2

A, +12 3 4 5-ve

As no internal primers for the AtTTGl gene (positive control) were available, six

2.3kb.

Agrobacterit, in minipreps of, 4tTTGl/PART27 were digested with Nodto demonstrate

'. 1kbf

that this construct had been successfully transformed into Agrobacterit, in. Fragment

sizes of 3.1 kb (insert) and 10.9 kb (vector) were expected for a positive result (see

570bp-

Figure 31).
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Figure 31: Notldigestioms offIgrob"cteri"in mindipreps containing AtTTGl/PART27
construct (samples I-6).

I-109kb PART27

l- 3.1 kbAtTTGlinsert

While Agrobacterium minipreps rarely provide hig}I yields of DNA (as can be seen

from the low intensity of the bands in Figure 29), the agarose gelshowed that samples

3 and 4 contained the AtTTGl/PART27 construct. A quantity of un-digested plasmid

or genomic DNA can be seen above the 10.9 kb PART27 band in these samples. The

five constructs in Agrobacterit, in were kept as glycerol stocks untiltransfonnation of

A10bidopsis was perlonned.



3.4 Growth offIrubi, 10 sis

Arabidopsis thong"a ttgl mutant seeds (line N89) were supplied by the Nottingliam

coK) Arabidopsis Stock Centre (NASC). The seeds were sterilised in a sodium

hypochlorite solution, and then planted in small pots of autoclaved soil. The plants

were gi'own at room temperature in natural dayliglit untilflowering.

As only a small number of seeds were obtained from NASC, the first plants gr. own

were originally intended for the harvesting of more seeds for the Agrobocterit4m-

mediated transfonnations. However, a combination of slow gi'owni and low survival

rate of these plants resulted in only five or six plants flowering in time for

transfonnation to be perfonned within the time-course of the project(Figure 32).
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Figure 32311r"bidepsisttgl mutants"itable for transformatiom, with boltlength
of approximately 10 cm (A), and opemed flowers(B).
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3.5 Transformation of mutantArabidopsis with PART27 constructs

As a result of having so few plants available, only one gene construct was used to

transfonn anthe plants. The cotton gene with the higliest hornology to AtTTG/,

TTGOPl was selected to transfonn four Arabidopsis itgl mutant plants. TT'GOPl

had also been shown to complement the Matihio/@ ttgl mutant phenotype, and was

therefore considered most likely to complement the mutantrtrQbidopsis.

in preparation for the transfonnation, a single Agrobacteri"in colony containing

TTGOPl in PART27 was used to inoculate 25 inI of liquid YEB with kanamycin.

The niglit before transfonnation, 10 inlofthis CUIttire was used to start a 500 inI YEB

liquid culture (plus kanamycin), which was grown ovemiglit to 00600=1.5. The

bacteria were harvested by centrifugation of the culture, followed by resuspension in

500 in10finfiltration medium (Bent at o1. , 1998). The, 4grob@cteri"in suspension was

then transferred to a large beaker, and a surfactant (SIIwet L-77) was added to

enhance infiltration. The plants

Agrobacteri"in suspension for about 5 seconds to allow introduction of

Agrobacteriz, in into plant tissue. After transfonnation, the plants were kept in humid

conditions with minimal watering for two days. Approximately one week after the

first transfonnation, the plants were dipped into a fresh Agi'obacterium solution to

increase the chance of obtaining positive transfonnants.

were

Due to time limitations, seeds are not yet mature on these transfonned Arabidopsis

inverted and flowers submerged in the

plants, so no results are presently available.
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BlastP searches on the two cotton TTGl-like proteins that did not complement the

Montiola t;gl mutant (TTG(n) and PTTG(c)E2) indicated that they possess hig}I

hornologyto the drabz^opsis protein ATANlla (de Vaden erg1. , 1997)(Figure 34).

atantJ. .pep : IG 550PZQD, 50EQQKRSETYTYEAP TV!. IruWSVRRDK!:YRLAI SLLE IP RVETVQL, SNGEIRSDPNLSF

tCg4. pep : I TSDPllP SDEQQkRSETYTYEAPl, In. rufusVRRDl:KYRLAl*SLLE IP;, IRLQTVQLD SriGETRSDPNLSF

80 1.20

atant, .. pep : EHPYP ITKTIFIPD}: CQRPDLLA. TSSDFLRL"RI DD SR\ELKSCLISil!JISEFCGPLTSFDUllEAEPRRTGTSST = 1.56
cCg2. pep = HPYP TKTTFIPD CQKPDLL*. TSSDFLRlllRI DD SRIJ LK=: LllG1.113.1SEFCGPLTSFDmlEAEPKRIGTSST = 1.56

ccg4. pep

*

atanti. .pep = DTTCTlllDIERE

tCg2. pep : DTTCTTllDTERE

ccg4. pep : DTTCTTIJDTEKE

= HPYP TKTIFIPDF, CQl:PDLLA. TSSDFLRltlRI D, SRI^ LKS LNG1.113.1SEFCGPLTSFD"NE, .EPKRTGTSS1 = 1.56

300

etanLL. pep : PRYMATTTl!DSAKUut, REF LPVVELORHQ;. SinlAIAll. q. PHSSCHICT. \GDDSQALTUDTSSll

tcg2. pep = PRYM, .TTTllDS, .Ruin, LOTRFP LPWELQRHQ!. SWILLAllP. PHSSCHTCT. !. GDDSQALTWDLSSliSQ

ccg4. pep

GGLDPTL : 312

GGLDPTL : 31.2

= PRYl. IATTTllDS, killA, LDIRFF' LPV, IEL'pHQ, .Sin, IP. VATIAPHSSCHTCT. !. GDDSQALIWDLSS1! <1 GGLDPTL : 3L2

atan11. pep : ATT:IG, ,ETEQLQ1,555QPDU, IAIAFSTKLQILR\. : 346

ccg2. pep : ATTAGP, ETEQLQIJSSSQPDUVAIP, FSTKLQTLR\. : 346

ccg4. pep : AYT, ,GP, ETEQLQUSSSQPDIJVATAFSTKLQTLRt. , : 346

DTQLTP. HDREVFDIP. ticGVGVF, .SVSADGSVRVFDLRDKEHSTTTYESSEPl, . 8234
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..

Figure 34: Animo acid sequence comparison of cotton proteins TTG(11) and
PTTG(c)E2 with, IrubidopsisproteiriATAN-11.

..

*

TTG(11) displays 96% amino acid identity to ATAN-11, while PTTG(c)E2 possesses

..

93% identity.

A maximum parsimony phylogenetic tree (Figure 35) derived from comparisons of

..

78

78

78

220

these sequences suggests a potential functional relationship, with TTG(11) and

PTTG(c)E2 gr'ouping with ATAN-11a, while TTG(I) and TTGOPl fomi a

*

monophyletic group with the TTGl proteinsftomM. incano andrlr@bidopsis.

*
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Figure 35: Phylogenetic tree of cotton TTGl-like proteins with limbidopsis and
M@tthiol" TTGl, AN-11 of petunia and ATAN-11 of limbidopsis. Accession
numbers: APETALAl: Z16421, AtTTGl: AJI33743. I, ATAN-11a: 1,194748,
remaining sequences riotsubntitted.
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So far the role of ATANlla in Arabidopsis is largely unknown, althougliit is also

thoug}It to be involved in flower pigmentation. Further investigation into the roles of

ATANlla in Arabidopsis may give an irisiglit into possible roles of TTG(11) and

PTTG(c)E2 in cotton.

It must be noted that the results obtained in this investigation provide evidence for the

replacement of AtTTGl function by cotton TTG(I) and TTGOPlin anthocyanin

production only. While this may provide an indication of hornology in the function of

trichome initiation forthese cotton genes, it is by no means direct evidence. It remains

to be seen whether the complementation of one phenotype of the ttgl mutant by these

cotton genes will necessarily correlate with a complementation of other phenotypes.

The factthat many alleles ofttgl have the same PIGiotropic phenotype (Walker at al

1999)indicates the functions are strongly linked, and hence suggests complementation

of the anthocyanin pathway may extend to the function of trichome initiation. It is the

role ofTTGl in trichome initiation which is most relevant to possible roles in cotton

fibre development.

The R gene in maize, and denlo in snapdragon are bHLH proteins implicated in

arithocyanin production (Spelt era1. , 2000). The R gene in maize has previously been

shown to complement both the gladrous and arithocyanin-deficient phenotypes of

Arabidopsis itgl mutants(Lloyd at o1. , 1992). However, the den/a gene in snapdragon

alters pigmentation in transgenic tomato and tobacco, but does not affect trichome

deficiency in ttgl mutants. Additionally, an11, which controls pigmentation in
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petunia, is expressed in antissues, but does not affect hair fonnation (de Vetten et o1. ,

1997). Thus, the factthatthe cotton genes n'G(I) and TTGOPl can replace TTGl

function in arithocyanin production only hints at a role in trichome initiation. Results

from the stable transformation of Arabidopsis ttgl mutants would provide evidence

for this.

To complete the investigation into complementation of the ttgl mutant in

Arabidopsis, plantstransfonned with TTGOPl will be harvested for seeds about four

weeks after transfonnation. Transgenic progenywillthen be identified by gennination

of seeds on selective media (kanamycin). These progeny will then be inspected

microscopically for restoration of trichome fomiation. Seeds will be harvested from

plants not transfonned to glow more ttgl mutantrtrabidopsis to testremaining cotton

TTGl-like genes for complementation.

Functional hornology to TTGl indicates a possible role for TTG(I) and TT'GOPlin

the initiation of cotton fibres. The results also appear to strengthen the link suggested

between cotton fibre development and Arcbidopsis trichomes, providing further

support for the use of trichomes as a model for cotton fibre development in general.

The link between cotton fibre and trichome initiation will become more definite if a

role in cotton fibre initiation is established for these TTGl hornologiies in cotton.

To study the influence these genes have on fibre development, expression analysis

could be perfonned on lint and fuzz cotton fibres, to test for any differences in

expression of TTG(I) or TT'GOPl. A significant increase in gene expression of a

cotton TTGl-like gene in lint fibres compared to the shorter fuzz fibres would be an



excellent indicator for a role in cotton fibre initiation. Additionally, an increase in

expression during fibre initiation compared to other stages of fibre development

would be indicative of a genes' role in initiating cotton fibres.

Experiments could be perfonned to identify regions responsible for the

complementation of the jigl mutant phenotype in M. incana. The variable regions (as

identified in Figure 33, red boxes) could be removed from TTG(I) and TTGOPlto

identify which are important for the complementation of the ttgl mutant. The region

surrounding the site of substitution causing the white-petalphenotype (Figure 33, blue

box) appears likely to be signficantin TTGl's role in arithocyamn production.

The generation of transgenic cotton may be required to further investigate the role of

TTG(I) and TTGOPlin cotton fibre development. Anti-sense genes have previously

been used to reduce levels of specific proteins in cotton (John, 1996).

observation ofphenotypic changes in fibres of a cotton plant with reduced TTG(I) or

TTGOPl levels would provide strong evidence of a role for these genes in cotton

fibre development, or specifically fibre initiation, depending on the types of changes

observed. The tetraploid nature of the cotton genome, and the possibility of gene

redundancy, complicates this experiment.

The



5 Conclusion

By placing four cotton TTGl-like genes under the control of a constitutive 35S

promoter, each was tested for complementation of the M. inca"@ white petal

phenotype by particle bombardment. Two of these genes, designated TTG(I) and

TTGOPl, produced purple patches of anthocyaiiin on transfonned petals. This result

indicates that these two cotton genes are functional hornologues of the TTG/ gene.

However, it is only the role played by TTGlin arithocyanin production which has been

complemented, and not that of its function in trichome initiation. Restoration of

trichome fomiation in A1Qbidopsis ttgl mutants will provide evidence for functional

hornology in trichome initiation, which can be more strongly linked to the

development of cotton fibres.

The results of this project provide putative evidence for a role of two cotton TTGl-

ike genes in fibre initiation, by demonstrating functional hornology to TTGl. As no

regulators of cotton fibre cell gy'owth have yet been isolated, further characterisation of

these genes may lead to significant advances in the understanding of cotton fibre

initiation.
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A endixA-D

Appendixes A-D describe sequences obtained of the four TTGl-like cotton genes

Iigated into PART7. The sequences were obtained in most cases from external PART7

primers either side of the point of insertion (PART7a and PART7b) and also via

internal primers within the gene itself, combined to give all orthe majority of the gene

sequence. For each construct, the expected sequence was compiled (top line in

Appendixes A-D), and compared with the sequence data received (bottom line).

Following is the region of the construct represented by the colour shading of the

sequence:

.

.

.

.

.

CaMV 35S promoter ill PART7

TTG-like insert

3' Octopine syrithase region of PART7

Binding sites of external primers are shown in red.

insertion resinction sites are shown in blue.

'Blast' searches performed on an unexpected stretch of sequence 3' of TTG(11)
(Appendix B) revealed a cloning vector, likely to have been used in previous cloning
steps. This explanation is also probable for a similar 12bp region 5' of TTG(I)
(Appendix A).

pBlucscript Ten}nailt fronT previous cloning digest



35 . ttgl. . ocs
part7 . I. . seq

A. ,endixA: TTG I in

35 .ttgL. ocs
part7 . L . seq

30 40 50LO 20 60

ATGGTGGAGCACGACACTCTCGTCT'ACTCCAAGAATATCAAAGATACAGTCTCAGAAGAC

3 5 . ttgl. . ocs
part7. L. seq

35 . ttgl. . ocs
part7. I'Seq

CAAAGGGCTATTGAGACTTTTCAACAAAGGGTAATATCGGGAAACCTCCT'CGGATTCCAT'

3 5 . ttgl. . ocs
part7. T, seq

TGCCCAGCTATCTGTCACTTCATCAAAAGGACAGT'AGAA. AAGGAAGGTGGCACCTACAAA

35 . Ctgl. . ocs
part7 .I. . seq

TGCCATCATTGCGATAA. AGGAA. AGGCTATCGTTCAAGA'ICCCTCTGCCGACAGTGGTCCC

ART7

35 . ttgl. . ocs
part7. I'Seq

AAAGATGGACCCCCACCCACGAGGAGCATCGTGGAAA. ^GAA. GACGT'TCCAACCACGTCT

35 .CtgL. ocs
part7. T, seq

TCAAAGCAAGTGGATTGATGTGATAACATGGTGGAGCACGACACTCTCGTC'I'ACTCCAAG

35 .ttgL. ocs
part7. L. seq

AATATCAAAGATACAGTCTCAGAAGACCAA. AGCGCTATTGAGACTTTTCAACAAAGGGTA

35 . ttgJ. . ocs
part7. T'seq

ATATCGGGAAACCTCCTCGGATTCCATTGCCCAGCTATCTGTCACTTCATCAAA. AGGACA

35 .CtgL. ocs
part7. T, seq

GTAGAAAAGGAAGGTGGCACCTACAA. ATCCCATCATTGCGATAA. AGGAA. AGGCTATCGTT

35 .tCgL. ocs
part7. I'Seq

CAAGATGCCTCTGCCGACAGTGGTCCCAA. ACATGGACCCCCACCCACGAGGAGCATCGTG

35 . ttgl. . ocs
part7 .I, Seq

GAAAAAGAAGACGTTCCAACCACGTCTTCAAAGCAAGTGGATTGATGTGATATCTCCACT

35 .ttgl. ocs
part7. T'seq

GACGT'AAGGGATGACGCACAATCCCACTATCCTTCGCAAGACCTTCCTCTATATAAGGAA

35 .ttgL. ocs
part7. L. seq

GinTCATTTCATTTGGAGAGGACACGCTCGAGGAATTCGGT'ACCCCGGGTTCGAAA'PCGAT

CTTCAT'FTCATT'TGGAGAGGACACGCTCGAGGAATTCGGT'ACCCCGGGTTCGAAA'I'CGAT
************************************************************

35 .ttgL. ocs
part7. I. seq

AAGCT ATA!E GAA. T'PeeGTTGCTGTCGCCCT'AGAGGAA. AAAATCCAATGGAGAATTCA
** ** **** * *****************************

e@ A!^ATCGAATmC

ACTCAGGAA. TCCCACCTCCGATCCGATAACGCCGTAACCTACGAA. TCACCCTACCCACTC

ACTCAGGAATCCCACCTCCGATCCGATAACGCCGTAA. CCTACGAATCACCCTACCCACTC
************************************************************

TACGCCATGGCCTTATCTTCCACGCCCGCCGTCACCCATCTCAACTACCAACGCATCGCT

TACGCCATGGCCTTATCTTCCACGCCCGCCGTCACCCATCTCAACTACCAACGCATCGCT
************************************************************

AAGACCT'TCCTCTATATAAGGAA
***********************

CTAGAGGAAAA^TCCAATGGAGAATTCA
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35 . ttgJ. . ocs
part7 . I. seq

35 .tCgL. ocs
part7 . L . seq

TTTGTAAGACCAGCTTTAATCTACAATTATTTGTTAGGTCCTCACAACAAATATGAGACT

TTTGTAAGACCAGCTTTAATCTACAAT'I'ATTTGTTAGGTCCTCACAACAAATATGAGACT
************************************************************

35 .ttgL. ocs
part7. L. seq

35 . ttgl. . ocs
part7 .I. . seq

CGAATGCATATTTGGATTTTGA roeA. C G

G@CCGAATGCATATTTGGATTTTGA
**********************

35 . CCgl. . ocs
part7 . I. . seq

GAGATATGCGAGACGCCTATGATCGCATGATATTTGCTTTCAATTCTG'I'TGTGCACGTTG

GAGATATG----------------------------------------------------
********

35 . ttgl. . ocs
part7 .I. . seq

T'AAAAAACCT'GAGCATGTGTAGCTCAGATCCTTACCGCCGGTTTCGGT'TCATT'CTAATGA

35 . ttgi. . ocs
part7. t'seq

ATATATCACCCGTTACTATCGTATTTTTATGAATAATATTCTCCGTTCAAT'TTACTGATT

35 . ttgJ. . ocs
part7 .I. . seq

GinACCCTACTACTTATATGTACAATATTAAAATGAAA. ACAATATATTGTGCTGAATAGGT

35 .ttgL. ocs
part7. L. seq

A CCTCTAGAGTCCTGCTTTAAT

CCTCTAGAGTCCTGCTTTAAT
**+**** *****************

TTA'I'AGCGACATCTATGATAGAGCGCCACAATAACAAACAATTGCGTTTTATTAT'TACAA

35 .ttgL. ocs
part7 .I. . seq

ATCCAATTTTA^AGCGGCAGAACCGGTCAAACCTAAAAGACTGATTACATAAATCT

35 . CCgl. . ocs
part7 .I, Seq

TATTCAAATTTCAAAAGGCCCCAGGGGCTAGTATCTACGACACACCGAGCGGCGAACTAA

35 .CtgL. ocs
part7. I'Seq

TAACGTTCACTGAAGGGAACTCCGGTTCCCCGCCGGCGCGCATGGGTGAGATTCCTTGAA

35 .ttgL. ocs
part7 .i, seq

GTTGAGTATTGGCCGTCCGCTCTACCGAAAGTTACGGGCACCATTCAACCCGGTCCAGCA

3 5 . ttgJ. . ocs
part7 .I. . seq

CGGCGGCCGGGTAACCGACTTGCTGCCCCGAGAATTATGCAGCATTTTTTTGGTGTATGT

GGGCCCCAAATGAAGTGCAGGTCAA. AGCTTGACAGTGACGACAAATCGTTGGGCGGGTCC

AGGGCGAA'TmTTGCGACAACATGTCGAGGCTCAGCAGGACCCGGT



35 . titg2 . 0cs
PART7.2. seq

35 .Ctg2.0cs
PART7.2. seq

A

35 .ttg2.0cs
PART7 .2 .seq

endixB: TTG U in

ATGGTGGAGCACGACACTCTCGTCTACTCCAAGAATATCAAAGATACAGTCTCAGAAGAC

35 .ttg2.0cs
PART7.2. seq

CAAAGGGCTATTGAGACTTTTCAACAA. AGGGTAATATCGGGAA. ACCTCCTCGGATTCCAT

35 .Ctg2.0cs
PART7 .2 .seq

TGCCCAGCTATCTGTCACTTCATCAAA. AGGACAGTAGAAAAGGAAGGTGGCACCTACAA. A

35 . ttg2 . 0cs
PART7.2. seq

TGCCATCATTCCGATAA. ACGAA. AGGCTATCGTTCAAGATGCCTCTGCCGACAGTGGTCCC

35 .ttg2.0cs
PART7.2. seq

ART7

AAAGATGGACCCCCACCCACGAGGAGCATCGTGGAA. AAAGAAGACGTTCCAA. CCACGTCT

35 .ttg2.0cs
PART7.2. seq

TCAAAGCAAGTGGATTGATGTGATAACATGGTGGAGCACGACACTCTCGTCTACTCCAAG

35 . ttg2 . 0cs
PART7 .2 .seq

AATATCAAAGATACAGTCTCAGAAGACCAA. ACGGCTATTGAGACTTTTCAACAAAGGGTA

35 .ttg2.0cs
PART7 .2 .seq

ATATCGGGAA. ACCTCCTCGGATTCCATTGCCCAGCTATCTGTCACTTCATCAAA. AGGACA

35 .ttg2.0cs
PART7.2. seq

CTAGAAA. ACGAAGGTGGCACCTACAAATGCCATCATTGCGATAAAGGAAAGGCTATCGTT

35 .ttg2.0cs
PART7.2. seq

CAAGATGCCTCTGCCGACAGTGGTCCCAAAGATGGACCCCCACCCACGAGGAGCATCGTG

35 .ttg2.0cs
PART7 . 2 . seq

GAA. AAAGAAGACGTTCCAACCACGTCTTCAAAGCAAGTGGATTGATGTGAT'ATCTCCACT

35 .ctg2.0cs
PART7.2. seq

GACGTAAGGGATGACGCACAATCCCACTATCCTTCGCAAGACCTTCCTCTATATAAGGAA

-------------------------------------GNAGTTTTT'TNNTNTT'ITFAAGGA

35 .ttg2.0cs
PART7.2. seq

GTTCATTTCATTTGGAGAGGACACGCTCGAGGAATTCGGTACCCCGGGTTCGAAATCGAT

AGTTTTTTCATTTGGAGAGGACACGCTCGAGGAATTCGGT'ACCCCGGGT'TCGAAATCGAT

35 .ttg2.0cs
PART7.2. seq

AA. GCTTGGATCCAAGAAACCAAAGGGAGTGGCAGTGGAAGATGGCCGCTAGCAGCGATCC

AA. GCTTGGATCCAAGAAACCAAAGGGAGTGGCAGTGGAAGATGGCCGNTAGCAGCGATCC

TAACCCGGAGGGTTCCGATGAGCAGCAGAAACGATCCGAGATATACACTTACGAGGCCCC

TAACCCGGAGGGTTCCGATGAGCAGNAGAA. ACGATCCGAGAT'ATACACTTACGAGGCCCC

TTGGCATATCTACGCCATGAA. CTGGAGTGTCCGCCGCGACAAGAA. ATACCGGTCTCGCTC

TTGGCATATCTACGCCATGAACTGGAGTGTTCGTNGCGACAAGAAATACCGGT'CTCGCTC



35 .ttg2.0cs
PART7 .2 . seq

35 .ttg2.0cs
PART7.2. seq

35 .ttg2.0cs
PART7.2. seq

ATCGCCAGCCTTGCTCGAGCATTACAACAACCGCCTTGAGATTGTCCAGCTCGATGACTC

ATCGCCAGCCTTGCTCGAGCATTACANCANCCGCCTTGAGATTGTCCAGCTCGATGACTC

35 .tCg2.0cs
PART7.2. seq

CAA. TGGCGAGATCC-CATC-CGACCC-AAAT-CTCTCCTTCG-ATCATCC-TTATCCCCC

CAA. TGNCNANATTCCNATCCGGACCCCAAATCNTCTCCNT'TGNATCATCCCTTNTCCCCC

35 .ctg2.0cs
PART7 .2 . seq

CGGACCCAAGACACATTCTTCATCCCCGACCAAAGGAGCTGCCCAGAA. ACCCGACCTTCT

CGGACCCAAGACACATTCTTTATCCCCCCCCAAAGGAGCTGCCCAGAAACTCGACCTTCT

35 .CCg2.0cs
PART7 .2 .seq

CGCCACGTCCTCCGACTTCCTCCGCATTTGGCGCATCTCCGATGACCACTCCCGCGTCGA

CGCCACGTCCTCCGACT'TCCTCCGCATTTGGGGCATCTCCGATGACCACTCCCGCGTCGA

35 .ttg2.0cs
PART7 .2 . seq

CCTCAAGTCTCTCCTTAATGGCAATAAGAACAGTGAA. TTCTGCGGTCCTCTTACCTCCTT

CCTCAAGTCTCTCCTT'AATCGCAATAAGAACAGTGAATTCTGCGGTCCTCTTACCTCCTT

35 .ttg2.0cs
PART7 .2 . seq

CGACTGGAATGAGGCGGAGCCCAAGCGAATCGGCACCTCCTCCATTGATACGACTTGTAC

CGACTGGAATGAGGCGGAGCCCAAGCGAATCGGCACCTCCTCCATTGATACGTCTTGTAC

35 .ttg2.0cs
PART7.2. seq

TATATGGGATATCGAGAGGGAGACGGTGGATACCCAGCTTATCGCCCACGATAAGGAGGT

TATATGGGATATCGAGAGGGAGACGGTGGATACCCAGCTTATCGCCCACGATAAGGAGGT

35 .ttg2.0cs
PART7 .2 . seq

TTATGATATTGCCTGGGGCGGCGTCGGTGTTTTTGCTTCCGTCTCTGCTGATGGGTCCGT

TTATGATATTGCCTGGGGCGGCGTCGGTGTTTTTGCTTCCGTCTCTGCTGATGGGTCCGT

35 .ctg2.0cs
PART7.2. seq

TAGGGTTTT'CGACCTGCGCGACAAGCTCGAGCACTCCACTATCATTTATGAAA. CTTCGGA

TAGGGTTTTCGACCTGCGCGACAAGCTCGAGCACTCCACTATCATTTATGAAAGTTCGGA

35 .ttg2.0cs
PART7.2. seq

CGCCGATACTCCGCTTGTACGGTTGGGGTGGAACAAGCAGGACCCGAGATATATGGCTAC

GCCCGATACTCCGCTTGTACGGTTGGGGTGGAACAAGCAGGACCCGAGATAT'ATCGCTAC

35 .ttg2.0cs
PART7 .2 . seq

TATAATTATGGACAGTGCTAAGGTTGTTGTTTTGGATATCCGCTTCCCGACACTGCACGG

TATAATTATGGACAGTGCT'AAGGTTGTTGTTTTGGATATCCGCTTCCCGACACTGAACGG

35 .ttg2.0cs
PART7 . 2 . seq

TAGTTGAGCTGCAGAGGCACCAGGCTAGCGTCAATGCCATCGCATGGGCACCCCACAGCT

TAGTTGAGCTGCAGAGGCACCAGGCTAGCC'TAGGTGCCATCGCATGGGCACCCCACAGCT

35 .ttg2.0cs
PART7.2. seq

CTTGCCACATTTGCACCGCCGGGGATGATTCCCAGGCCTTGATTTGGGACTTGTCCTCCA

CTTGCCACATTTGCACCGCCGGGGATGATTCCCAGGCCTTGATTTGGGACTTGTCCTCCA

35 .Ctg2.0cs
PART7 .2 . seq

TGAGTCAGCCTGTGGAGGGTGGGCTTGACCCCATCCTTGCCTACACCGCTGGGGCTGAA. A

TGAGTCAGCCTGTGGAGGGTGGGCTTGACCCCATCCTTGCCTACACCGCTGGGGCTGAA. A

35 .ttg2.0cs
PART7.2. seq

TCGAGCAGTTACAGTGGTCATCTTCCCAGCCTGATTGGGTTGCCATCGCCTTCTCCACCA

TCGAGCAGTTACAGTGGTCATCTTCCCAGCCTGATTGGGTTGCCATCGCCTTCTCCACCA

35 .ctg2.0cs
PART7 .2 . seq

AGCTTCAGATTCTCAGGGTATGAGTGAATGGGATTGGTATAT'I'GGGTCGTATTCAA. TGCT

AGCTTCAGATTCTCAGGGTATGAGTGAATGGGATTGGTATATTGGGTCGTATTCAATGCT

AAATTGCTAATTCATAGTCTAGTAATTGTACTCAGATCTAGAGGAATAACAAGATTGTTG

AAATTGCTAA. TTCATAGTCTAGTAATTGTACTCAGATCTAGAGGAA. TAACAAGATTGTTG

CTCTCGTTGTGTCTGAGCTGACTAA. AA. GTCCCAAAACTGTTTTGGTTTTCCTGTTGTTTC

CTCTCGTTGTGTCTGAGCTGACTAAAAGTCCCAA. AACTGTTTTGGTTTTCCTGTTGTTTC



35 .ttg2.0cs
PART7.2. seq

35 .ttg2.0cs
PART7.2. seq

35 .CCg2.0cs
PART7.2. seq

CTTTGTCTTCAACATGTTTGGATAGTTGATTGAACACCAATCTCTTTATTCTGTTCTTAT

CTTTGTCTTCAACATGTTTGGATAGTTGATTGAACACCAATCTCTTTATTCTGTTCTTAT

35 .ttg2.0cs
PART7.2. seq

T'TTAGTGTTTCCCATTCCTTTACATCCAAACCTTTCCCTGTTTTATTGTAGTTGTGAGAG

TTTAGTGTTTCCCATTCCTTTACATCCAAACCTTTCCCTGTTTTATTGTAGTTGTGAGAG

35 .ttg2.0cs
PART7 .2 .seq

CAA. AAGAGCTGCAGACTCATTTTTTTAGAACGCATGGGAAGCAGTGATTTATGGACCCTG

CAAA. AGAGCTGCAGACTCATTTTTTTAGAACGCATGGGAAGCAGTGATTTATGGACCCTG

35 .ttg2.0cs
PART7.2. seq

AA. CTGAA. ACACAAGATCAAGACGACCACTCTTTGCTGTTTGGTTTATGCAACATAATC'I'T'

AA. CTGAAACACAAGATCAAGACGACCACTCTTTGCTGTTTGGTT'TATGCAACATAATCTT'

35 .ttg2.0cs
PART7 .2 .seq

TGTCGTTCTGTTGGACAA. GATGAGTGTGTTTTCAGTTTATTTGGTTGTCTGATAAGTTTG

TGTCGTTCTGTTGGACAA. GATGAGTGTGTTTTCAGTT'TATTTGGTTGTCTGATAAGTTTG

35 .ttg2.0cs
PART7 .2 . seq

ATTAGTTACTATAAATGTGATAAATGATGGGCAGGAAGAT'ATGGGTGGCTTACCCTGGGC

ATTAGTTACTATAAATGTGATAA. ATGATGGGCAGGAAGATATGGGTGGCTTACCCTGGGC

35 .ttg2.0cs
PART7 .2 .seq

TGCTTTCAGATGCTTGTGTTGTGTTAA. TGTTAAAACTAGCTTTAGCCATAA^^

TGCTTTCAGATGCTTGTGTTGTGTTAATGTTAAAACTAGCTTTAGCCATAA^

35 .ttg2.0cs
PART7 .2 . seq

AA^^A

AAAA. AAGCCGGCCGCTCGAGTCTCTCTCTTCTCTCTCGACAGCAACG

35 . titg2 . 0cs
PART7 .2 .seq

@

@

35 .ttg2.0cs
PART7.2. seq

GATCCTCTAGAGTCCTGCTTTAATGAGAATATGCGAGACGCCTATGATCGCATG

ATATTTGCTTTCAATTCTGTTGTGCACGTTGT^AAAACCTGAGCATGTGTAGCTCAGA'I'

CATCCACTAGAGTCCTGCTTTAATGAGAATA'I'G

35 .ttg2.0cs
PART7 .2 .seq

CCTTACCGCCGGTTTCGGTTCATTCTAATGAATATATCACCCGTTACTATCGTATTTTTA

35 .ttg2.0cs
PART7.2. seq

TGAATAATATTCTCCGTTCAATTTACTGATTGTACCCTACTACTTATATGTACAATATTA

35 .Ctg2.0cs
PART7 .2 .seq

AAATGAAA. ACAATATATTGTGCTGAATAGGTTTATAGCGACATCTATGATAGAGCGCCAC

35 .ttg2.0cs
PART7.2. seq

AATAACAAACAA. TTGCGTTTTATTATTACAAA. TCCAATTTTAA. AAAAAGCGGCAGAACCG

35 .ttg2.0cs
PART7 .2 .seq

AA. @@rocAGc

C A

GTCAAACCTAAAAGACTGATTACATAAATCTTATTCAAATTTCAAA. AGCCCCCAGGGGCT

AGTATCTACGACACACCGAGCGGCGAA. CTAATAACGTTCACTGAAGGGAACTCCGGTTCC

CCGCCGGCGCGCATGGGTGAGATTCCTTGAAGTTGAGTATTGGCCGTCCGCTCTACCGAA



35 .ttg2.0cs
PART7 .2 .seq

35 . ttg2 . 0cs
PART7.2. seq

AGTTACGGGCACCATTCAACCCGGTCCAGCACGGCGGCCGGGTAACCGACTTGCTGCCCC

35 .ctg2.0cs
PART7.2. seq

35 .ttg2.0cs
PART7 .2 .seq

GAGAA. TTATGCAGCATTTTTTTGGTGTATGTGGGCCCCAAATGAAGTGCAGGTCAA. ACCT

TGACAGTGACGACAAATCGTTGGGCGGGTCCAGGGCGAATTTTGCGACAACATGTCGAGG

CTCAGCAGGACCCGGTA



35 .ttg3.0cs
PART7 .3 . seq

35 .ttg3.0cs
PART7 .3 . seq

A endix C: TTGOPlin

35 .ttg3.0cs
PART7 .3 .seq

ATCGTGGAGCACGACACTCTCGTCT'ACTCCAAGAATA'I'CAAA. GATACAGTCTCAGAAGAC

I. O

35 .ttg3.0cs
PART7.3. seq

CAAAGGGCTATTGAGACTTTTCAACAAAGGGTAATATCGGGAAACCTCCTCGGATTCCAT

35 .Ctg3.0cs
PART7 .3 .seq

TGCCCAGCTATCTGTCACTTCATCAA. AAGGACAGTAGAA. AA. GGAAGGTGGCACCTACAAA

20

35 .ttg3.0cs
PART7.3. seq

TGCCATCATTCCGATAA. ACGAAAGGCTATCGTTCAAGATGCCTCTGCCGACAG'ICGTCCC

30

35 .CCg3.0cs
PART7 .3 .seq

ART7

AAAGATGGACCCCCACCCACGAGGAGCATCGTGGAA. AAAGAAGACGTTCCAACCACGTCT

35 .ttg3.0cs
PART7.3. seq

40

TCAA. AGCAAGTGGATTGATGTGAT'AACATGGTGGAGCACGACACTCTCGTCTACTCCAAG

35 .tCg3.0cs
PART7 .3 .seq

AATA'TCAAAGATACAGTCTCAGAAGACCAAAGGGCTA'I'TCAGACTTTTCAACAAAGGGTA

50

35 .ttg3.0cs
PART7.3. seq

ATATCGGGAAACCTCCTCGGATTCCATTGCCCAGCTATCTGTCACTTCATCAAAAGGACA

60

35 .ttg3.0cs
PART7 .3 .seq

GTAGAA. AAGGAAGGTGGCACCTACAAATGCCATCATTGCGATAAAGGAAAGGCTATCGTT

35 .ttg3.0cs
PART7.3. seq

CAAGATGCCTCTGCCGACAGTGGTCCCAAAGATGGACCCCCACCCACGAGGAGCA'ECGTG

35 .ttg3.0cs
PART7.3. seq

GAA. AAAGAAGACGTTCCAACCACGTCTTCAA. AGCAA. GTGGATTGATGTGATATCTCCACT

35 .ttg3.0cs
PART7.3. seq

CACGTAAGGGATGACGCACAATCCCACTATCCTTCGCAAGACCCTTCCTCTATATAAGGA

35 .tCg3.0cs
PART7 .3 .seq

AGTTCATTTCATTTGGAGAGGACACGCTCGAGGAA. TTCGGTACCCCGGGCTATAAACCCT
AGTTCAT'TTCATTTGGAGAGGACACGCTCGAGGAA. TTCGGTACCCCGGGCTATAAACCCT
************************************************************

35 .ttg3.0cs
PART7.3. seq

AAAA. GCTCTTCCCAGATTTGGTTGAGAAGAAATGGAGAATTCAACTCAAGAATCCCACCT

AAAAGCTCTTCCCAGATTTGGTTGAGAAGAAATGGAGAATTCAACTCAAGAATCCCACCT
************************************************************

GAGATCCGATAA. TTCGGTAACCTACGAA. TCAGCTTACACAGTTTATGCCATGGCCTTATC

GAGATCCGATAATTCGGTAACCTACGAA. TCAGC'PTACACAGTTTATGCCATGGCCTTATC
************************************************************

TTCCACGCCTTCCTCCACCAATATCAACCATCAACGCATCGCTCTCGGCAGCTTCCTCGA

TTCCACGCCTTCCTCCACCAATATCAACCATCAA. CGCATCGCTCTCGGCAGCTTCCTCGA
********************************************************** *

AAGACCCTTCCTCTATATAAGGA
***********************



35 .ttg3.0cs
PART7.3. seq

35 .Ctg3.0cs
PART7.3. seq

35 . ttg3 . 0cs
PART7.3. seq

ACATTACACTAACAGAGTCGACATAATCTCATTTGATCCAGAAACCCTCTCCTTCAA. GAG

ACATTACACTAA. CAGAGTCGACATAATCTCATTTGATCCAGAA. ACCCTCTCCTTCAA. GAC
************************************************************

35 .ttg3.0cs
PART7.3. seq

CCACCCAAAGCTTGCCTTCGACCACCCTTATCCACCCACCAAGCTCATGTTCCAACCCAA

CCACCCAA. AGCTTGCCTTCGACCACCCTTATCCACCCACCAAGCTCATGTTCCAACCCAA.
************************************************************

35 .ttg3.0cs
PART7.3. seq

TCGAAAATCCGCTTCATCCTCTTCTTCTTGTTCCGATCTTCTCGCTTCAACCGGCGATTT

TCGAAAATCCGCTTCATCCTCTTCTTCTTGTTCCGATCTTCTCGCTTCAACCGGCGATTT
************************************************************

35 . CCg3 . 0cs
PART7 .3 . seq

CCTGCGTCTCTGGGAAGTTCGAGAATCTTCCATTGAACCTGTCACTGTTCTAAACAATAG

CCTGCG'I'CTCTGGGAA. GTTCGAGAATCTTCCATTGAACCTGTCACTGTTCTAA. ACAATAG
************************************************************

35 .ttg3.0cs
PART7.3. seq

CAA. AACCAGCGAGTTTTGTGCCCCGTTAACTTCCTTCGATTGGAACGATGTTGAACCCAA.

CM^CCAGCGAGTTTTGTGCCCCGTTAACTTCCTTCGATTGGAACGATGTTGAACCCAA
************************************************************

35 .ttg3.0cs
PART7.3. seq

GAGAATTGGGACTTCCAGCATCGACACAACTTGCACCATTTGGGACATCGAGAAATGCGT

GAGAA'I'TGGGACTTCCAGCATCGACACAACTTGCACCATTTGGGACATCGAGAAATGCGT
************************************************************

35 .ttg3.0cs
PART7 .3 . seq

CGTTGAA. ACCCAATTGATCGCTCATCA'I'AAAGAGGTTTACGACA'I'TGCTTGGGGTGAAGC

CGTTGAAACCCAATTGATCGCTCATGATAAAGAGGTT'TACGACAT'TGCTTGGGGTGAAGC
************************************************************

35 .ttg3.0cs
PART7.3. seq

TAGAGTTTTTGCTTCCGTTTCCGCTGATGGGTCCGTTAGGATTTTCGATTTGAGAGACAA.

TAGAGTTTTTGCTTCCGTTTCCGCTGATGGGTCCGTTAGGATTTTCGATTTGAGAGACAA
************************************************************

35 .ttg3.0cs
PART7 .3 . seq

ACAACATTCCACCATCATTT'ATCAAAGTCCCCAACCCGACACCCCCTTTATTAAGATTGG

ACAACATTCCACCATCATTTATGAAAGTCCCCAACCCGACACCCCCTTTATTAA. GATTGG
************************************************************

35 .ttg3.0cs
PART7.3. seq

CTTGGAACAAGCAAGATTTGAAGTATATGGCTACCATTCAAATGGATAGCAATAAAGTTG

CTTGGAA. CAA. GCAAGATTTGAAGTATATGGCTACCATTCAAATGGATAGCAATAAAGTTG
************************************************************

35 .ttg3.0cs
PART7.3. seq

TCATTTTAGGATATAAGCGTCACCCCACAACCCCCGTTGCTGAGTTGGAGCGGCATCACG

TCATTTTAGGATATAAGCGTCACCCCACAACCCCCGTTGCTGAGTTGGAGCGGCATCACG
************************************************************

35 .tCg3.0cs
PART7.3. seq

CTAGTGTCAATGCCATTGCCTGGGCTCCTCAGAGTTGTAAGCATATTTGTTCCGCTGGGG

CTAGTGTCAATGCCATTGCCTGGGCTCCTCAGAGTTGTAAGCATATTTGTTCCGCTGGGG
************************************************************

35 . titg3 . 0cs
PART7.3. seq

ATGATACCCAGGCTCTTATTTGGGAGTTGCCTACGGTGGCGGGACCTAA. TeeTATCGATC

ATCATACCCAGGCTCTTATTTGGGAGTTGCCTACGGTGGCGGGACCTAATGGTATCGATC
************************************************************

35 . ttg3 . 0cs
PART7 .3 . seq

CCTCTGTGTGTTTACTCTGCTGGCTACGAA. ATTAATCAATTACAGTGGTCTGCTGCGCAA.

CCTCTGTGTGTTTACTCTGCTGGCTACGAA. ATTAATCAATTACAGTGGTCTGCTGCGCAA
************************************************************

35 .ttg3.0cs
PART7.3. seq

CCTGATTGGATTGCCATTGCCTTTTCCAACAAATTGCAGCTTCTCAA. ACTTTGAGGTTTT

CCTGATTGGATTGCCATTGCCTTTTCCAACAAATTGCAGCTTCTCAAA. CTTTGAGGTTTT
************************************************************

35 .tCg3.0cs
PART7 . 3 . seq

CACACTGTATTTTCCTGCTTGAA. GTCTGGTCTTCTGTTTCATAGACTGCTTAAGCTTGTA

CACACTGTATTTTCCTGCTTGAA. GTCTGGTCTTCTGTTTCATAGACTGCTTAAGCTTGTA
************************************************************

TTCCCCTTTGACTTGATTTGTGGAATCAGTTTTAGTTAAGCCTGTCAATTCTGACTTGAT

TTCCCCTTTGACTTGATTTGTGGAATCAGTTTTAGTTAA. GCCTGTCAA'FTCTGACTTGAT
************************************************************

TTGTGGAATCAGTTTTAGTTTAGCTGTTAATTCTGCCATTACTTTGCACCATTGATGAAG

TTGTGGAATCAGTTTTAGTTTAGCTGTTAATTCTGCCATTACTTTGCACCATTGATGAA. G
************************************************************
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ô
o
<
CD
Ei

:
ô
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35 .ttg4.0cs
PART7.4. seq

A

35 .ttg4.0cs
PART7.4. seq

endix D:

6040 5030re 20

ATCGTGGAGCACGACACTCTCGTC'TACTCCAAGAAT'ATCAAAGATACAGTCTCAGAA. GAC

35 .ttg4.0cs
PART7 .4 .seq

35 .tbg4.0cs
PART7.4. seq

TTG C E2in

CAAAGGGCTATTGAGACTT'TT'CAACAAAGGGTAATATCGGGAAACCTCCTCGGATTCCAT

35 .ttg4.0cs
PART7 . 4 .seq

TGCCCAGCTATCTGTCACTTCAT'CAAAAGGACAG'I'ACAAAAGGAAGGTGGCACCTACAAA

35 .ttg4.0cs
PART7.4. seq

TGCCATCATTGCGAT'AAAGGAAAGGCTATCGTTCAAGATGCCTCTGCCGACAGTGGTCCC

ART7

35 .ttg4.0cs
PART7.4. seq

AAAGATGGACCCCCACCCACGAGGAGCATCGTGGAAAA. AGAAGACGTTCCAACCACGTCT

35 .ttg4.0cs
PART7.4. seq

TCAAAGCAAGTGGATTGATGTGATAA. CATCGTGGAGCACGACACTCTCGTCTACTCCAAG

35 .ttg4.0cs
PART7 .4 .seq

AAT'ATCAA. AGATACAGTCTCAGAAGACCAAAGGGCTA'ETGAGACTTTTCAACAAAGGGTA

35 .ttg4.0cs
PART7 . 4 . seq

ATATCGGGAAACCTCCTCGGATTCCATTGCCCAGCTATCTGTCACTTCATCAAAAGGACA

35 .CCg4.0cs
PART7.4. seq

CTAGA^AGCAAGGTGGCACCT'ACAAATGCCA'TCATTGCGATAAAGGAAAGGCTATCGTT

35 .ttg4.0cs
PART7.4. seq

CAAGATGCCTCTGCCGACAGTGGTCCCAAAGATGGACCCCCACCCACGAGGAGCATCGTG

35 .ttg4.0cs
PART7.4. seq

GAAAA. AGAAGACG'I'TCCAACCACGTCTTCAAAGCAAGTGGATTGATGTGATATCTCCACT

35 .ttg4.0cs
PART7.4. seq

GACGTAAGGGATGACGCACAATCCCACTATCCTTCGCAAGACCCTTCCTCTATATAAGGA

-------------------------------------AAGACCCTTCCTCTATATAAGGA
***********************

35 .ttg4.0cs
PART7 . 4 . seq

ACTTCATTTCATTTGGAGAGGACACGCTCGAGGAA. TmCGGTACCAAAGGGTGTCCAA. AAC

ACTTCATTTCATTTGGAGAGGACACGCTCGAGGAATTCGGTACCAAAGGGTGTCCAAAAC
************************************************************

GTTTTGGATTTCCTTCAAATTGATTTCCCTGACATGGATGTCATTGGCATCTCTGGTGAG

GTTTTGGATTTCCTTCAAATTGATTTCCCTGACATGGATGTCATTGGCATCTCTGGTGAG
************************************************************

TATCATTCCCATGAA. TATA'I'ACTTCTTCATTTTCGTCTTCTGAGCTAGACCATTGAACTC

TATCATTCCCATGAATATATACTTCTTCATTTTCGTCTTCTGAGCTAGACCATTGAACTC
************************************************************



35 .ttg4.0cs
PART7.4. seq

35 .Ctg4.0cs
PART7.4. seq

35 .ttg4.0cs
PART7.4. seq

TTAAGCAA. AGCTGAAAGAGCAGGACCTTGAGTTTGACCATGGCTACTATTACTGCAATAG

TTAAGCAAAGGTGAAAGAGCAGGACCTTGAGTTTGACCATGGCTACTATTACTGCAATAG
************************************************************

35 .ttg4.0cs
PART7.4. seq

TCAA. ATCCGAATATTTTATATTTCTGCAGATAAGACACCCAGTTCTTTTATACATATATA

TCAA. ATCCGAA. TATTTTATATTTCTGCAGATAA. CACACCCAGTTCTTTTATACATATATA
************************************************************

35 .ttg4.0cs
PART7.4. seq

TATTTTATGTTTTCTGAT'TCACTGTTTGAAACGGCATGGGTCCATTTCTTTTCTTTTCTT

TATTTTATGTTTTCTGATTCACTGTTTGAAACGGCATGGGTCCATTTCTTTTCTTTTCTT
************************************************************

35 .ttg4.0cs
PART7.4. seq

TTTAAATTTTCGGCTTTTATATTTGAA^TTAAATAAATAAATTTAGCTTT^A

TTTAAATTTTCGGCTTTTATATTTGAA^^TTAAATAAATA^TTTAGCTTT^A
************************************************************

35 .ttg4.0cs
PART7.4. seq

TTTTTGTTATGGAA'TCAAATAATATAGTATTGTGCGGACTGCGGAGTATATAACGACTAA

TTTTTGTTATGGAATGAAA. TAATATAGTATTGTGCGGACTGCGGAGTATATAACGACTAA
************************************************************

35 .ttg4.0cs
PART7 .4 .seq

ATATTA^ACA^AA. GCATAT'ATAACCTTTTTGTCATTAA. GTAGATGA^AAGGAATGTC

ATATTA^ACAA^AGCATAT'ATAACCTTTTTGTCATTAAGTAGATGAA^CGMTGTC
************************************************************

35 .ttg4.0cs
PART7.4. seq

GTCAAAACACGTTACCTTCCATAATCTTCACACCAATCCAACCTTTCTTTGGTTATCTGC

GTCAA. AA. CACGTTACCTTCCATAATCTTCACACCAATCCAACCTTTCTTTGGTTATCTGC
************************************************************

35 .ttg4.0cs
PART7.4. seq

TAAGAGTAAAAAATAGCTGACAGCGGCAGCGTTGGTAATGACGGCCACCAGCGATCCGAA

TAAGAGTAAAAAATAGCTGACAGCGGCAGCGTTGGTAATGACGGCCACCAGCGATCCGAA
************************************************************

35 .ttg4.0cs
PART7.4. seq

CCCCCGAAGTTTCCGACGAGCAGCAAAAACGATCGGAGATATACACATATGAAGCTCCCT

CCCCCGAAGTTTCCGACGAGCAGCAA. AAACGATCGGAGATATACACATATGAAGCTCCCT
************************************************************

35 .ttg4.0cs
PART7.4. seq

GGTACATCTACGCTATGAATTGGAGCGTCCGCCGCGACAAAA. AGTACCGACTCGCCATCG

GGTACATCTACGCTATGAATTGGAGCGTCCGCCGCGACAA. AAAGTACCGACTCGCCATCG
************************************************************

35 .ttg4.0cs
PART7.4. seq

CCAGCCTCCTCGAGCAA. TACCCTAACCGTCTCCAGATTGTTCAACTCGACGACTCCAATG

CCAGCCTCCTCGAGCAATACCCTAACCGTCTCCAGATTGTTCAACTCGACGACTCCAATG
************************************************************

35 .ttg4.0cs
PART7.4. seq

GGTGAGATCCGGTCGGATCCCAACCTCTCCTTCGACCATCCCTATCCCGCTACTAAGACC

CGTGAGATCCGGTCGGATCCCAACCTCTCCTTCGACCATCCCTATCCCGCTACTAA. GACC
************************************************************

35 .ttg4.0cs
PART7.4. seq

ATCTTCATTCCCGACAAGGATTGCCAGAAACCCGATCTTCTCGCTACCTCCTCCGATTTT

ATCTTCATTCCCGACAAGGATTGCCAGAAACCCGATCTTCTCGCTACCTCCTCCGATTTT
************************************************************

35 .ttg4.0cs
PART7.4. seq

CTTCGCATATGGCGGATCTCGGGATGACGGTTCCCGCGTTGACCTCAAATCGCTCCTTAA

CTTCGCATATGGCGGATCTCGGGATGACGGTTCCCGCGTTGACCTCAA. ATCGCTCCTTAA
************************************************************

35 .Ctg4.0cs
PART7.4. seq

TGGCAATAAGAACAGTGAATTTTGGCGGTCCTCTCACGTCTTTCGACTGGAACGAGGCGG

TeeCAATAAGAACAGTGAATTTTGGCGGTCCTCTCACGTCTTTCGACTGGAACGAGGCGG
************************************************************

AGCCGAAGCGAATCGGGACTTCCTCCATTGATACGACTTGCACTATTTGGGATATCGAGA

AGCCGAAGCGAATCGGGACTTCCTCCATTGATACGACTTGCAC'I'ATTTGGGATATCGAGA
************************************************************

AGCAA. ACAGTGGATACCCAGTTAATTGCCCACGATAAGGAGGTTTACGACATCGCTTGGG

AGCAAACAGTGGATACCCAGTTAATTGCCCACGATAAGGAGGTTTACGACATCGCTTGGG
************************************************************



35 .ttg4.0cs
PART7.4. seq

35 .ttg4.0cs
PART7 . 4 .seq

GTGGAGTTGGGGTTTTCGCTTCCGTCTCCGCCGACGGTTCCGTTAGGGTTTTCGATTTAC

ear'CGAGTTGGGGTTTTCGCTTCCGTCTCCGCCGACGGTTCCGTTAGGGTTTTCGATTTAC
************************************************************

35 .ttg4.0cs
PART7.4. seq

35 .ttg4.0cs
PART7.4. seq

GCGACAAGGAACATTCGACGATCATCTACGAGAGTTCGGAGCCGGACGCGCCGCTGGTGC

CCNACAAGGAACATTCGACGATCATCTACGAGAGTTCGGAGCCGGACGCGCCGCTGGTGC
************************************************************

35 .Ctg4.0cs
PART7 . 4 . seq

GGTTGGGGTGGAACAAGCAGGACCCCAGATATATGGCGACCATTATAATGGATAGTGCCA

CGTTGGGGRGGAACAAGCAGGACCCCAGATATATGGCGACCATTATAATGGATAGTGCCA
************************************************************

35 .ttg4.0cs
PART7.4. seq

AGGTGGTTGTTTTGGATATCCGTTTCCCGACGTTGCCGGTGGTTGAGTTGCGGAGACACC

AceTGGTTGTTTTGGATATCCGTTTCCCGACGTTGCCGGTGGTTGAGTTGCGGAGACACC
************************************************************

35 .ttg4.0cs
PART7.4. seq

ACGCGAGCGTCAATGCCGTCGCTTGGGCTCCCCATAGTTCCTGCCACATTTGCACCGCCG

AGCCGAGCGTCAATGCCGTCGCTTGGGCTCCCCATAGTTCCTGCCACATTTGCACCGCCG
************************************************************

35 .Ctg4.0cs
PART7.4. seq

GCGATGATTCTCAGGCGTTCGAT'TTGGGAATTTGTCTTCGATGGGTCAGCCTGTTAAAGG

GCGATGATTCTCAGGCGTTCGATTTGGGAATTTGTCTTCGATGGGTCAGCCTGTTAAAGG
************************************************************

35 .tcg4.0cs
PART7.4. seq

TGGGCTTGACCCCATTCTTGCA'I'ACACGGCTGGGGCTGAA. ATTGAACAGTTGCAATGGTC

TGGGCTTGACCCCATTCTTGCATACACGGCTGGGGCTGAAATTGAA. CAGTTGCAATGGTC
************************************************************

35 .ttg4.0cs
PART7.4. seq

GTCGGTCTCAAGCCTGATTGGGTGGCCATTGCCTTCTCCACTAAGCTTCAGATTCTAAGG

CTCGGTCTCAAGCCTGATTGGGTGGCCATTGCCTTCTCCACTAAGCTTCAGATTCTAAGG
************************************************************

35 .ttg4.0cs
PART7.4. seq

GTATGAA. TTACCGGTGTGAAGTTAGGTTTTTCTGTTTGTTTTGACATTAACTAA. CAACAT

GTATGAATTACCGGTGTGAAGTTAGGTTTTTCTGTTTGTTTTGACATTAACTAACAACAT
************************************************************

35 .ttg4.0cs
PART7 . 4 .seq

CGTTGCTTGATCTTCCATTTGAATCGAGTTTCACTTCTG2^A't'T' @ OdeC
reCAG @CccTTccTTGATCTTccATTTGAA. incGAGmTTCACTmcTG in

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

35 .ttg4.0cs
PART7.4. seq

OA I^A

A I^A
*

35 .ttg4.0cs
PART7.4. seq

TTGCTTTCAATTCTGTTGTGCACGTTGT^AAAACCTGAGCATGTGTAGCTCAGATCCTT

CTAGAGTCCTGCTTTAATGAGATATGCGAGACGCCTATGATCGCATGATAT

CTAGAGTCCTGCTTT'AATCAGATATG
**************************

35 .ttg4.0cs
PART7.4. seq

ACCGCCGGTTTCGGTTCATTCTAATGAATATATCACCCGTTACTATCGTATTTTTATGAA

35 .ttg4.0cs
PART7.4. seq

T'AATATTCTCCGTTCAATTTACTGATTGTACCCTACTACTTATATGTACAATATTAAAAT

35 .ttg4.0cs
PART7 .4 . seq

GAA. AACAATATATTGTGCTGAAT'AGGTTTATAGCGACATCTA'TCATAGAGCGCCACAATA

ACAAACAA. TTGCGTTTTATTATTACAA. ATCCAATTTTAAA^AAGCGGCAGAACCGGTCA

AACCTAAA. AGACTGATTACATAA. ATCTTATTCAAATTTCA^AGGCCCCAGGGGCTAGTA

;11
AT
*



35 .ttg4.0cs
PART7.4. seq

35 .ttg4.0cs
PART7.4. seq

TCTACGACACACCGAGCGGCGAA. CTAATAACGTTCACTGAAGGGAACTCCGGTTCCCCGC

35 .ttg4.0cs
PART7.4. seq

CGGCGCGCATGGGTGAGATTCCTTGAAGTTGAGTATTGGCCGTCCGCTCTACCGAA. AGTT

35 .ttg4.0cs
PART7.4. seq

35 .ttg4.0cs
PART7.4. seq

ACGGGCACCATTCAACCCGGTCCAGCACGGCGGCCGGGTAACCGACTTGCTGCCCCGAGA

35 .ttg4.0cs
PART7.4. seq

ATTATGCAGCATTTTTTTGGTGTATGTGGGCCCCAAATGAAGTGCAGGTCAAACCTTGAC

AGTGACGACAAATCGTTGGGCGGGTCCAGGGCGAATTTTGCGACAACATGTCGAGGCTCA

GCAGGACCCGGT


