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gRLF-DRFOL主:A.T主NG PL益NT

rhis 工nvention relates to plants of cotton 

(Gossypium hirsutum L) having new and improved 

5 characteristics , and in particular to cotton plants which 

have the property of self-defoliation. The invention als。

relates to the(gene or gene'司 which det~mines the self-

defoliating prope~~y ﹒ 

10 !lAr.K臼ROUND OF 中HR TNVF.NTT()N 

The production of cotton is a major industry in 

many countries , including Australia. All cotton fibre is 

produced from plants of the genus 旦旦旦旦:tJ2.i 血泊 The most 

commonly grown cotton plants are varieties of GOBsypíum 

15 hirsutum (American Upland cotton) , which produces fibres of 

medium staple length , and these are gr。叫n in .the Uni ted 

States , Australia , Pakistan and other countries where 

extensive irrigation is available. E宣也E主主旦旦__Çotton ， which 

has a 旦旦~rl l~←起乙乏必間， i自 produced from Gossypium 

2 日 barbadense， grown extensively in Egypt and Sudan. 

Gossypiurn herbace咀rn and Gossypium arboreum aL 巳I;:j LUWU .Ln 

unirrigated areas of India , pakistan and other Asian 

countries , and produce coarser , shorter fibres 

The purity of commercial seed stocks is carefully 

25 controlled to avoid problems resulting from crossing 

between varieties or seed mixing. 

However , the cultivation of cotton plants 

traditionally has requhfed high-intensity agricultural 

practices , inclUfl.ing lli石訊而 -rir:兩孟tiõr~ and the application 

30 of a".:叫咱er of店est-rc主h函 ∞tton plants are prone t。

直空空~and to infestation by a variety of insect pests , 
such as HI"eliothis caterpilla~ ， and the various species of 

cotton e旦斗二扭扭皂， and hitherto control of these pests has 

required intensive use of 坦坦旦笠1 in竺~~i.E封豆豆

35 Furthermore , because of the requirements of mechanical 

~rvesti且』血to1ianEê)are applied just bef叮e ha凹est in 

。rder to remove the leaves from the plant so as to render 
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the cotton bolls easily accessible to the harvesting 

machinery 

Conseql斗ently the cotton > growing industry has been 

the cause of considerablet石研址。riment"Ypòil 1.lE:r劉 and the 

5 industry is under great pres8ure to reduce release of 

chemicals into the environment. Integrated pest-management 

practices are increasingly being used , and 已.t..t9.!!_且學ts
geneticall，.旦旦旦旦旦揖且牛羊。 be resistant to disease or which 

expreS8 Bacillus thuring，垣nsis tmç_且 I a natural insecticide 

10 of bacterial origin , are becoming available to commercial 

cot ton growers. However , hi therto there has been n。

alternative to the use of chemiëãr甘苦fÕÍiantE現 before

harvest. 

Whilst wild species of perennial cot七。n 8uch as 

15 G. aridum g閻明 D4j G. gOBsypioides~and囝 trilobum D 

are said t。土。se 1~ave8 acαuired during the rainy season 

when the dry ~~d.臼UU d.LL l. V~~ ， this self-defoliation to date 

has not been found in cotton strains grown c。口unercially.

For many years , traditional breeding methods have 

20 been used in an endeavour to identify and select strains of 

cotton which have i可roved resistance to the major 拉呈ect

and funÇfal pests which attack these plants , or which have 

。ther deS~raDl. e characteristics. In parallel , breeding 

pr句rams have also been directed t。七he production of 足于-

25 coloured cotton , which does not require the use of chemical 

色yes urlng textile processing. 

3 日

Professor Victor Fursov , a member of 七he Academy 

。f Technological Science of the former Soviet Union , 
C凹nrnenced Q且生主旦!1 plant development programs in March 1962. 
一The program between 1962 and 1993 involved the 

evelopment of a strain of çotton with specific 

haracteristics , bred and tested under commercial 

一一于一
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Fur七her development , generation of strains and 

selection carried out in Australia identified certain 

strains which have the property of self-defol 工ation ， and 

which do not need application of chemical defoliation 

5 agents. 

SUMMARY OF THE INVE咽TION

In one aspect , the invention provides-主_a.elf

defoliating cotton plant. In one embodiment , the plant has 

10 a gene or functional fragment thereof which is activated t。

effect self-defoliation of the cotton plant. 

工n a particularly preferred emb。也iment ，七here is 

prov工ded a strain of cotton (GOSS}也pi山11 hirsut山洞)

characterised in that the plants self-defoliate at the 

15 stage of boll opening. 

The present invention further provides a 司直lf-

defoliating plant wþich includes a nucleic acid 。r

functional fragrnent thereof which is activated to effect 

self-defoliation of the cotton plant. 

2 日 In a second aspect , the invention relates to a \ 

self-defoliating_cotton plant having a DNA fingerpr主n1:_ asl 

g抽前T→=甘冒~.} The plant comprises a nucleic acid 

sequence which determines self-defoliation of cotton 

(defoliating ge!le) , which gene can be activated by chemidü 

25 treatment and irradiation. Preferably the nucleic acid 

sequence comprises the sequence set out in ~μ立且主主.

More preferably , the gene is activated by treatrnent with 

ethylene imine (Aziridine) and ionising radiation 

In a third aspect , the invention provides a 

30 method of activating a defoliating gene in cotton , 
comprising the step of treat主ng the seed of said cott。吼

with ethylene imine and ionizing radiation. Preferably , 
hybrid seeds produced by crossing of parent cotton plants 

which have been selected for desired characteristics or 

35 traits are treated with 0.1會 v/v aqueous ethylene imine for 

10 hours , followed by gamrna-irradiation of said seeds with 

20 kiloroentge叫s absorbed dose , with a preferred dose of 4 
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kiloroentgen for 50 seconds. The irradiation may be 

suitably effected by expo8ure of the seeds to a Cobalt 60 

gamma-ray source , such as MPX-gamma 3 

In a fourth aspect the invention relates t。

5 cotton plants which exhibit self-defoliation. The gene for 

self-defoliation may be activated by chemical and radiation 

methods I or m且y be inherited from a parent plant 

Preferably the cotton fibres are of a colour 

selected from the group consisting of beige , snow-white , 
10 brown and green. Also preferably the cotton plants are 

resistant to one or more diseases caused by Thielaviopsis 

babicola , FUsarium vasinfectum and/or Bemisia tabaci. 

In a particularly preferred embodiment , the plant 

is of a variety selected from the group consisting of 

15 Rainbow 34 , Rainbow 39 , Rainbow 38 and Ra斗nbow 37 , as 

herein described. 1t will be clearly understood that these 

varieties have colours of the cotton fibres as the 

principal characteristic different工ating between them. 

The whole plants , seeds , and other reproducti ve 

20 material derived from the plants , including cuttings and 

protoplasts , all form part of the invention. 工n addition , 
products derived from the cotton plants , including cotton 

fibres and textiles produced therefrom , also form part of 

the invention 

25 工n a separate aspect , the invention provides 

cotton plants which have been transformed with the self 

defoliation gene of the invention. 1n particular , 
genetically-engineered strains of cotton and methods f。主

their product工。n are known. There are a number of patents 

30 and literature publications by workers from Agracetus and 

Monsanto describing methods for transformation of cotton , 
and transgenic cotton plants expressing exogenous proteins 

such as Bacillus thuringiensis crystal protein. Such 

transgenic cotton plants have been widely field tested , and 

35 some strains are in commerc工al production. 

For the purposes of this specification , the te口n

IIself-defoliation l1 is to be understood to mean the self 
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shedding of foliage and/or leaves from the lower sections 

of the plant to the higher points , between the period of 

the growth cycle from 110 days to 135 days , at which time 

watering can delay the cycle 

Full boll opening occurs at approximately 110 t。

135 days. 

The terms "activated" and "activating" are to be 

understood to mean the conversion of the dormant gene for 

defoliation tO one the expression or expression product of 

10 which contributes to self-defoliation of a plant containing 

such a converted gene. The activation includes unblocking 

。f a dormant gene by mutation or by removal of a blocking 

agent , or by inhibition of an activity thereof. 工 t als。

includes the inheritance of a gene that was previously 

15 activated in the manner described above. 

Throughout the description and claims of this 

specification , the word "comprise" and variations of the 

word , such as "comprising" and \\comprises" , means 

、、 including but not limited to" and is not intended t。

20 exclude other additives , components , integers or steps. 

n p. t.ail p.d 口p. ~crinti nn nf t_h p. Tnvρntinn 

The invention will now be described in detail by 

way of reference only to the following non-lim土ting

25 examples , and to the figures , in which . 
已但王三斗_comprises photographs of plants of the 

preferred embodiments of the invention , ':.&l扭扭1:!...，34"

(Figure 1A) and 叭里a J.nb叫 39" (Figu自 1B) . 

Figure 2 illustrates the manner'in which Rainbow 

30 3 日 self-defoliates at the time of opening of the cotton 

bolls , compared with a non-self defoliating c。前可;:>arator

strain，旦旦且斗i

Figure 3 shows the DNA fingerprint of Rainbow 39 

and the comparator strain , Sicala-34. 

35 Figure 4 is a bar graph showing the results of 

。ne way analysis of variance of Rainbow 34 , Rainbow 39 and 

Sicala-34. 
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E且主且且立斗 Production of Hvhrid S~eds for A~~iva t. inn nf 

the Gene for DE!foliation 

Analysis of the genealogical data on cotton 

5 plants suggested that crossing of the initial paren~al 

varieties , 5476 1 and 7631 I , was likely to ._prqduce wh斗te

and light beige fibre with high spinning andèechnological 

parameters in the hybrid progeny 

The selected elite or P seeds were first 

10 subjected to reciprocal hybridisation of n。七 1eSB than 

1000-1500 pollinated flowers at 75 per cent setting of 

seeds in each variant , and F2 plants were crossed with F3 

plants. In the second hybrid generation , desired 

characteristics were selected by sowing seeds and 

15 subjecting the plants to the progeny test pedigree method 

which is famil斗ar to one skilled in the art. Separate sibs 

were picked from the heterogene complex , and posterities 

were developed , with strict determination of the pr工ncipal

characteristics. In particular , resistance to fungal and 

2 日 bacterial disease and to insect pests , and colour of the 

cotton fibre , were used as selection criteria. This 

selection program was carried out in Russia from 1978 t。

1993 , and in Australia from 1995 to 1996 under a contract 

arrangement with the University of Sydney. 

25 Uniform famil 工es were crossed to form a new 

variety , "Genetic 1" bred by Professor Fursov at the 

Russian Academy of Teclmological Science , which was 

deposited in the selection catalogue of the Institute of 

Cotton Selection of Turkmenistan in 1978. This variety was 

30 selected for the technological and spinning qualities of 

the cotton fibre which it produces. 

星星且直且L立.2. ïre <=l. t"m~:m t_ nf Hvhr; d S~~d~ and Sp. l R(寸 ;nn fnγ 

gRl f -DF! fnl ; <=l. t_; nn 

35 The hybrid seeds produced as described in Example 

1 were treated by exposure to 0.1 per cent aqueous ethylene 

imine for 10 hours 
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Ethylene imine was used in concentrat斗。ns 。主

0.025 - 0.05 , and 0.1 - 0.4 老 (v/v) in water 

Application of various concentrat工。ns of this 

mutagen resulted in different degrees of mutation. After 

5 treatment , the quantitative analysis and qualitative 

analysis of the degree of mutation showed that the mutagen 

had the greatest effect in Uyoung" , recently selected 

varieties , but hybrids also gave an especially high yield. 

The more heterogeneous a genotype I the more mutations were 

10 observed at a given level of mutagen. The optimurn 

concentration of ethylene imine was 0.1老.

Following treatment with 0.1 告 ethylene imine for 

10 hours , the hybrid seeds were gamma-irradiated using a Co 

60 80urce at a dose of 20 kiloroentgens using the gamma-ray 

15 source , MPX-gamma 3- , with 4 kiloroentgen for 5 日 seconds.

The cotton seeds were also irradiated with multiple doses 

。f gamma-irradiation , at levels of -0.25 - 0.05 , -1.0 -

2.0 , - 3.0 - 5.0. Doses of 10.0 - 20.0 were sem土 -lethal ，

and doses of 3 日 o - 60.0 were superlethal. In storage , 
2 日 however , the semi-lethal doses were not totally harmful , 

and the recovery of the seeds was carefully observed. 

The treated seeds were placed in gauze sacks and 

stored for 18 months at ambient , indoor temperatures. 

After 18 months of storage , the selected family 

25 seeds were sown into a third hybrid generation , and the 

elite plants including those manifesting the ability t。

self-defoliate were selected and crossed between each 

。ther. The stored seeds were sown in summer and picked in 

autumn , with each plant contained in separate sacks. The 

30 percentage of deformation was dete玄mined as the frequency 

。f phenotypic change , modification of morphology , teratism 

and other non-hereditary , new growths due to the ganuna 

radiation. After selecting and recording variat工。ns in 

phenotype and any visible changes resulting from mutat工。n ，

35 the seeds which gave rise to each phenotype were 

individually ginned and kept as separate families for 

sowing the following year. 
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The genealogical 8cheme for producing a cotton 

plant in accordance with the invention is 8ummarised as 

follows: -

F3 (7631-I x 5476-1)x F2 (5476-I x 7631-I) 

Natural hybrid progeny of these parents were then 

treated w主th 0.1 per cent ethylene imine for 10 hours 

Seeds were selected from the treated population to form 

seminal M2 and M3 generations. The best lines from these 

were then crossed. 

星星且且且L且-主 Renroduction of ~plf 口p. fnl i 月 t_inα 巴。 tton

ProducinαCnl cmrpn FibrPR: 'l'hp "R月 inbow"

車車主主且且-

The best lines of seeds treated in the manner 

15 described in Exaπlple 2 were top crossed and the most 

significant maternal form of 4 strains were selected. The 

rest of the strains were hybridized as paternal forms. 

The first generation genetic characteristics of 

self-defoliation were determined by phenotypic domination. 

2 日 All were gathered by individual selection. In the second 

generation , the population heterogeneity or heritability 

coefficient was determined. The pOlygenicity resulted in

display of the dominant phenomenon in the first generation 

hybrid. 

25 This selection method was used to produce a 

variety of c.Qtton with natural white and 1已l!.Ul且耳之fibre

with full self-defoliation , such as Rainbow 34 [light 

beige] and Rainbow 39 [wh主teJ.

Two other strains , respectively designated 

30 Rainbow 38 and Rainbow 37 , were also selected for 

development. The characteristics of these varieties are 

set out in Table 1. 



主些主主主

Characterist工cs of Preferred Strains of The Invention 

Rainbow(34 Rainbow (38 ~ Rainbow [ 37 J) 

Shape Spreading Spreadin~ Spreading 
Fo1iage density Med工um Med工um Medium 
Height (av.) Medium-Ta11 Medium-Ta11 Med工um-Ta11

92cm 60-112cm 68-105cm 
Nodes Per Branch (av.) 5-6 2-5 2-5 
Branch Length (av.) Long 44cm Long - 46cm Long 45cm 
Leaf Shape & Size (av.) Pa1mate Pa1mate Pa1mate 

17700mm2 15400mm2 16080rmn2 

G1ands/Nectar + + + 
F10wer Peta1 Co10ur Cream Beige Beìge 
Fibre Co10ur Beìge Brown Green 
Bo11 Size (av.) 46rmn x 32rmn 48mm x 34rmn 50rmn x 32rmn 
Bo11 Shape E11iptica1 E11iptica1 E11iptica1 
Bo11 Lint Content E工gh High High 
Bo11 Lint Co10ur Cream Brown Green 
Fibre Length (av.) 36mm 35mm 35叮叮1

Fibre Fineness (av.) Units? Fine Fine Fìne 
3.65 3.88 3.80 

Se1f Defo1iate at Bo11 Opening 94 智 89月色 91急
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Plants of strains Rainbow 34 and Rainbow 39 are 

主llustrated in Figure 1 , and the rn且nner in which Rainbow 39 

loses its leaves at the time of boll opening is 工llust玄ated

in Figure 2. 

It is practicable to repeat the invention using 

current state of the art techniques to carry out the number 

。 f trials necessary to achieve the desired resul七 Samples

。f seed Rainbow 39 were deposited under the provisions of 

the Budapest Treaty with Australian Government Analytical 

10 Laboratories on 2 July 1998 and accorded the accession 

nu咄er NM 98/06259. These seeds are also held in the 

depositary of The University of Sydney , Plant Research and 

Quarantine Station at Cobbitty , N.S.W. , Australia 

The general principles of the method of selecting 

15 white and mutant coloured and self-defoliat工ng cotton and 

methods of defining self-defoliation were as follows:-

First Year 

To reproduce cotton in the initial form of tw。

2 日 species G. hirsutum and G. peruvianum Cav , the treatment 

described in Example 2 was applied to the progeny I and 

dominant mutants manifesting early natural defoliation 

genotypes by any character were selected. 

During the first year , any initial form or 

25 variety was produced , so that the total number of seeds 

with the selected traits would be not less than 105 -10 6" in 

the heterogenous population of the variant. Following 

treatment with the mutagen 1.4 bisdiazoacetyl butane in 

aqueous solution of 0.1 per cent (v/v) concentration for 20 

30 hours , seeds were washed clean 工n runn工ng water for 2 hours 

and a sample sowed by placing in highly fertile ground , 
with 3 seeds in each hole at a depth of 4-5 Cffi. The soil 

temperature at a depth of 4-5 cm is preferably 12-150 C. 

The plot desirably contains 3 plants in a plot 6 日 cm x 20 

35 25 cm or 3 plants in a plot of 9日 cm x 15 cm 
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After shoots appeared , only 2 plants were 1eft in 

the hole. When two real leaves appeared , the plot was 

further thinned out to only one plant in the hole. 

During growth of the plant , surveys and 

5 phenotyping during development were conducted to reveal 

donor forms and label them for later selections. 

During the period of blossoming and ripen工ng of 

the bolls , all morphological variations of flower , leaf , 
tomentum of stem , pollen colour , and boll shape were 

10 compared with those from non-treated plants , and findings 

were recorded. 

When bolls opened , all clonal forms of mutation 

were chosen by indi v主dual selections. The collected 

material was analysed , ginned and stored until the next 

15 year. 

Second Year 

The individual seeds showing characteristics 

selec七ed in the first year were stored and then sown in the 

20 second year , with the purpose of selecting multiple 

mutations , caused by meiosis in compar工son with normally 

formed seeds not treated with mutagens. Morphological 

。bservations and self-defoliation dynamics test were then 

conducted. 

25 The percentage index of timely defoliation is 

very important . Firstly , the phenomenon should be visually 

and clearly characterised 

Secondly , a quantitative index is desirable for 

any comparison or dispersion factor analysis 

30 The harvest from the selected self-defoliating 

plants was picked by individual selection , and analysed for 

boll mass , fibre yield , wave length , fibre index , 1000 

seeds m且88 ， metric number , filament breaking strength , 
sinUo8ity , lU8tre , colour etc. The seeds were stored until 

35 sowing in the next year. 
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Third Year 

Among selected self-defoliated and other donor 

forms , consistency and genetic purity tests were carried 

。ut dur主n9 the third year of growth. The percentage of 

5 hereditary , homologous mutant lines as determined. All 。主

these lines were chosen by individual selection , and a 

laboratory grade quality test was also performed. 

Fourth And Following Years 

10 After the final study of prospective and 

competitive new lines , comprehensive var工etal grade testing 

was conducted , and stable forms were carefully examined t。

ensure that the required characteristics of early , natural 

defoliati。泣 I white and naturally coloured fibre etc. were 

15 maintained. 

These characteristics usually demonstrated 

consistency at the beginning of the third growth year. 

With precise sowing diaries , the degree of any weak 

character or contaminated species was marked in families 

20 Then the breeding study (selection) was carried out using 

two subsequent gradings of excellent characteristics which 

were displayed. Families with any poor characteristics or 

which were susceptible to attack by whiteflies were 

rejected , and further selection of these terminated. 

25 Remaining plants were simultaneously selected 

from the most reproducible families , and used for testing 

。f varietal purity and to ensure continued resistance t。

damage by whiteflies. 

The most superior breeding lines were planted for 

30 grade testing and studying against an artificial 

provocat土ve background. For this purpose , 10 samples of 

bolls were taken for complex analysis. Selected group 

fam工lies then provided 2.5-3.0 kg of pure grade seeds and 

were frozen for future use. 

35 The cotton defoliation percentage is defined in 

two ways:-
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1. The ratio of defoliated leaves on the main 

stem (the number of fruit node leaf ribs) to the total 

number of the formed ones , including already fallen leaves 

。n the main stem by the fixed t斗me in per cent. 

These ratio8 can be expressed by formulae . 

Cf 

D: ------ x 100 per cent (defoliation for one plant) 

10 F 

15 

20 

Cf 

D= ------ x 100 per cent at F= Cf +con f 

where: 

Cf+con f 

D Defoliation 

Cf Number of leaf ribs (from Latin-cicatr工g

folii 

F Total number of leaves 

con f Dead leaves and preserved leaves 

Self-defoliation of cotton most desirably occurs 

25 coincidentally with the time of full boll opening and 

ripeness , and the earlier this characteristic is detected , 
the more commercially useful. 

工n the second generation , stable , constant elite 

plants with early natural self-defoliation were selected. 

30 They represented dominant and recessive mutations r which 

can be progenitors of self-defoliating cotton var工eties ，

without the unblocking of the gene. Those exhibiting early 

natural self-defoliation were designated as 11 Fc 11 , from the 

Latin folium caolucus (fallen leaf) 

35 The chemical-mutagenesis method of the invention 

permits rap工d ， ordinary selection of progressi ve mutations. 
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Furthermore , the greatest probability of 

efficient induct斗。n of self-defoliation is ensured by 

chemical action of agents having chemical affinity for DNA. 

Without wishing to be bound by any proposed mechan工 Sffi for 

5 the observed advantages , it is believed that the affinity 

。f a chernical 8uch as ethylene imine together with 

工rradiation reverses the blockage of the dormant or 

、、 sleeping" defoliating gene (d。叩inant as well a8 

recessive) , thereby activating it. 

10 It is practicable to repeat the invention using 

current state of the art techniques to carry out the number 

。f trials necessary to achieve the desired result. 

Additional data of the invention are given in 

Tables 2 to 5. 
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Table 2 

Comparisoll of GossipiU1Ti varieties. 1995 個Raìnbow 39" 
and CoRtparato~ (*) 

V缸iety Name Comp.扭扭r﹒

RAINBOW.39 src.位.A.34*

F凶tHci伊<mml

meau 1305.0 778.00 

stdde吋a面。a 156.99 169.85 

1.5D個.0l}/significa且也 120.18 PSO.OI 

也LcafShape: Pal且a阻 PaJ.，na扭

二LCif: G悶pol gl扭曲: F甜甜at pre:時nt

且.e:ú: N，自祖ncs E甜甜"'t prcsc祖E

Flowo:r: 'CoIOUl" cream cream 

Ball Size cm' (1) 

揖e甜 39.90 30.70 

S叫 dcviation 9.899 6.292 

1.5D(O.Ol)/si到E且且cc 2.674 'SsO.OI 

Ball~S凶，pe elliptîc elllptîc 

Ball S旭pc 缸rw (2) 

回國a 1.8765 1.587 

STD dev扭tioa. 0.1618 0.1114 

1.5D(O.OI}/slgn血且DCC 2.674 P :S: O.Ol 
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Comparlson Or. Gos$JIplum Varieties 
("_ i::o血par訕。。

.RAlNBOW - 39一一_' SICALA - 34 
PLANT HElG訂(nun)

血也1 9“.70 910.4 
sld deviation 127.91 15且64
LSD o.Q I!:國.gniñ阻.00 47.13 NS 

LEAf wmTII (mml 
祖國n 161.72 141.1 
sld. d前扭曲'. 21.76 18.53 
LSD O.Ollsigniño血oe 7.98 P 草 0.01

出.AF l但IGfπ(mml
血眉UI 124.72 108.10 
std. d，前iation 15.11 14.51 
LSD O.Oll.ign溫canco 5.35 P S 0.01 

BOLL HEIGRr (阻吋
回國n 52.79. 47.45 
s祉 dov扭曲目 4.η 5.76 
mpII甜甜甜間 1.97 P 刮目。I

BOLL SHAPE (h越興師id血m丘。}
回國n .1 .38' .1.37 
風drMaûoìl， '.0.ωS 'RIR 
LSD o.oll:旬國k血. O.個86 NS 

PEDlJNCLE LEN<ñH (m吋
回國 25.24 ,' 27.37 
std. devialiOD . 5.323 .:.7.15 
LSD O.Ollsigniñcanoo .2.085 NS 

LINT C均
-圓 3 1.8 35.98 
std. d甜甜00 '1.41 3.71 
LSDO.Ollsi:斜ftcance 5.32 NS 

FIB斑LEN<l'祖 ("w)

回國n 1.26 1.142 
std. d前包IiOD 0.0182 0.0249 
LSD 0.0011..酒量自JK:e O.隘的 P 孟 0.001

F1BRESTR目Gn1(g11叫
.，.詛咒.24 45.58 
見且 deviation 2.5 1 2.5094 
T ~n n nnt 1..._:身為~-_... 哼哼可
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TASLE 3 

Comparison of Gossipium vadeties. 1996 "Rainbow 39" 

VRmAIeNqBoNwam-e 39 
COlllμrator: 
SICALA-34' 

F坦DtHeight{=)

!!I<III 906.70 910.4 

s吋缸吋血叩 127.91 158.64 

LSD(D.O l )1signifi聞自 47.134 NS 

凶~ecm>(I)

回胡風 101.44 77.93 

“缸油勘且 26.α油 18.904 

LSD(D.Ol)1sign血且DCe 8.61 PSO.OI 

Leaf S坦lpe: PaIIJlate h岫祖扭

LeafSha戶 WIH(l)

-個 1.31 1.33 

到 d間站盧個 0.1022 0.1551 

LSO(O.O.句lsignifi圍nce 1.968 NS 

1且f: 0圈可pol glaDds: pr自個1 P間S回It

1且f: Nectari自 pres酬 pn:且目

R開er: Colo"" cream cr祖血



Table 3 cont~nued 20 

Coø>p&riaaa of品呻t的啥叫劉i.. 

RAlNBOW-39 SICALA-34' 
Ball Size cm' (,) 

""鬼且 62.855 47.092 

std deviation 15且42 11.713 

LSD(O.OI)lsign扭扭且由 2.593 PS至0.01

BaIl: Shape elliptie clllpåe 

Ball sh叩e HIW (.) 

血e個 1.3818 1.3610 

STDd凹iar:io，且 0.0948 0.1726 

LSD(O.OI)lsignifi也a間 ,2.593 NS 

F的uu:lc LcD民h(回到

軍圓圓 26.24 27.25 

則由吋atiOD 5.3227 7.的;59

LSD仰.OI)1s(俱增早但間 2.593 NS 

Fibre 回Ilmr: wbito wbi阻

(1) L •• hi血_ by tbo .,.. .f tbo國呵呵圖tcdhy 也，e hci且t叫 tbo叫晶。r u!'cotd個 1.

。，) 1且E血再..01甜甜. hy .ridlbllu甸扭扭曲

(3) BaII si:o iodicm4 hy VOI_ of. -..âCaI可Ilo<扭扭 whi曲也.01晶"圖阻F聞dball
would cic 且

仰 自d 血pode甜甜 hy HeiBh"'"沾自見血



Table 3 continued 
'RAINDOW - 39' "SICALA - 34' 

I'WRE MICRONAlR五 VALUE
m開n 2.67 3.52 
std. deviation 0.11 0.38 
凶D 0.0 1/:匈nific.ncc 0.15 P s 0.0 J 

FWRE EXTENSlON ("10) 
rne缸1 5.9 6.14 
sld. deviation 0.51 日‘055
LSD O.OI/.igni眉目n<e 0.864 NS 

FæRE UNlFOR.MITY 恥IDEXσ句

mcan 89.26 87.8 
51d.devialion 1.11 1.1 5 

;:; LSD O.O Il.i.卸組C叫自 3.24 NS 

D1SCREτ'E CHARACl宜RlSτlCS

LeafShape palmale palrna!c 
L圖IG曲句polGI個d. presen! F回enl

L臨CNectari閏 present pre甜甜

FIow冒: CoJour cream cream 
Boll: Shape elliptic ellipûc 
Fibre: Colo叮 white whilc 



Table 3 continued 22 

U國fonniI)' - <ross-polli目扭d 叩CCl自

The foU，個ing variance ratios are subm.i回d asevid回，ce of unifonniI)': 

Chatacter話tic Varianc.of Variance of R且io

'Rainhow刁9" 間f間R自 new/comb血ed

variety. 
'Sicala-34 " 

F旭nt Heigbt I臼60.97 251“.65 。“
Leafsh勾e 0.01 0.024 。 42

Sa!I且ape 8.98704'" 0.03 。 31

Peduncle 1.0耳h 28.33 49.79 0 .57 
」



5TATI5TIX 4.1 

ONE-WAY AOV FOR: R34 RJ9 5IC 

TABLE 4í 

SOURCE DF 5S HS F P 

nu nu nu nu o es 
a
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La 句Ja

d
旬
，

﹒
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ClII-5Q DF . -, p 
BARTLE'l'T' 5 TE5T OF ------ ----呵- ------

EQUAL VARIANCES 11.01 2 0.0041 

COCIIRAN'S Q .0.4085 
LARGEST VAR I SHALLEST VAR 1.8928 

M 
w 

COHPONENT OF VARIANCE FOR BETWEEN GROUP5 168.076 
EFFECTIVE CELL 5IZE 100.0 

VARIABLE 
SAHPLE GROUP 

HEAN '. 5rZE. '"μ< ， 5TO DEV 

R34 100.00 .100 ，內 24.941
RJ9 . 101. 44 100 26.008 
5IC 77.932 100 18.904 
TOTAL 93.123 300 23.493 

CASES INCLUDED 300 MI5SING CASES 0 



"l"able 4 con七inued

STATISTIX 4.1 

LSD (T) PA1nWISE COMPA且1SONS OF MEANS 

HOKOGENEOUS 
VA且IABLE MEAN GROOPS 

R3~ 101.44 1 
R34 100.00 1 
SIC 77.932.. I 

THl!RE A且l! 2 GROUPS 1N 間'HICH THE MEANS ARE 
NOT SIGN1FICANTLY DIFFERENT FROM ONE ANOTßER. 

CRITlCAL T VALUE 
CRITlCAL VALUE FOR COMPARISON 
STANDAND ERROR FOR CDMPANISON 

2.592 REJECTIOIl LEVEL 0.010 
8.61)3 
3.3224 

恥s... 



STATISTIX 4.1 

OEStRIPTIVE STATISTICS 

H 
MISSING 
SUM 
LO 95月t CI 
MEAN 
UP 95t CI 
SO 
SE MEAN 
C.V. 
MIHIMUM 
1ST QUARTI 
MEDIAN 
JRD QUAR可r，r

MAXIMUM 
MAD 
BIASED VAR 
SKEW 
KURTOSIS 

R34 
100 

。
1. 000&+04 

95.054 
100.00 
104.95 
24.941 
2.4941 
24.940 
51. 920 
84.025 
94.400 
109.20 
183.06 
11.800 
615.81 
1. 0511 
1.3222 

Table 4 continued 

R39 
100 .. 

.0 
1. 014&+04 

96.275' 
101.44 
106.60 
25.008 
2.6008 
25:640 ' 

..-51. 300 
83.585 
.99.1畫9
111-. 24 
222.0。
13.650 
669.63 
1. 6782 
5. 自 449

SIC 
100 

。7793.2 
74.181 
77.932 
81.683 
18.904 
1.8904 
24.257 
43.610 
64.190 
78.100 
91.412 
131.95 
13.845 

'" 間
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Table 5 

COTTON 
G05，早p{rsm hir.mlum 

‘RlIinbow - 39' synonym: ‘ Genetic39'. 

Description: PI阻1: spreading; medium 10 taJf height; dense foliage; 也e
fruiting branches are long. Leav，自: pahna個 wi也 pub主自由ltmi也ib and also have go盟ypol
g1ands 阻dn自taries and are declduous ai ma個rity﹒ F1owers: cr~回血. BolIs are elliptlc with 
lon8 26.24 nun peduncles. Fibre length is 1.26 ins when ginned wi曲曲e “j;hark-s隘r

me也od. Fibre: 阻ifonnity indel( 89.26%, elonganon' 5.9 0/., Slrength 32.24 gllel( and 
micronair value i5 2.7 

'" o、

Origin: Induced mulatlOn by radiation used 00 seed of breeding jine 'T回祖neni，t血 Genetic
1'. Breeder: Pro告扭曲 V. N. F田間v， Ashgab.~ Turkmenistan. ln 自e fol1owing_ 
genera世onS pedigree m<:ihod was used to select e缸Iyma仙也壇， .elf defoliating , plants wi曲
lorig staple Iength until thc s祖ble 喃riety was estab!isbed. 

H
v
n
J
司F
E
a
-
-
S已

Comparative Trials. Compara凶r: Sic剖叫4. Conducted in 1994/95 in 曲也 gree沾自由e of the 
CO!IDnonw叫出 Quar自由e SIa)Ïon, Ryd祉甜甜甜d in 1995，肘 .t Tho Univcr,ity of Sydn旬，
Plant Breedin咀Insti恥院 N個遺跡i. Me甜甜~e曲 werc taken 量'Om 95 plar拋 selecled al 
random from a 吋alana耶d in randomised complctc blocl晶 h 臼叮 repli扭扭s. The fibre 
quality 臼Ia were acql凶ed from Iint obtained by -sbark-s隘風"的ming 個d the 扭曲 were
z'eplicated five time5.α'CCllho岫e'gr開npJ阻個“個 di5played I。略 fibrelêng也.

Adaptatioß 

‘R..ainbow-39' 曲n bc grown ~n 虹'Y di，tri吐 where cottOß C凹Id be produced 
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里星星也k_1 Qther E:mbodiments 

Interspecific hybrids - previously in Fl 

treated with ethylene imine in 5 concentrations of aquatic 

solution wi th control variant I were sown 正n an area of 0.25 

5 hectares. 

Then in laboratory trials , F3-Chem3 , the breeding 

strainsjprogenies of the newly obtained variety were grown , 
repollinated by the top cross method for the best mutant 

line , combining Qne each genotype of white or beige colour 

10 with 100 per cent self-defoliation 

To define the genetic nature of the defoliation 

trait of top crosses in Fl , the phenotypic domination 

degree - P was determined. 

These Fl hybrids showed dominance of the self 

15 defoliation characteristics of initial forms when cross主ng

the most superior selected self-defoliation rnutant lines , 
breeding the variety herein designated nBD n , obtained as 

the result of the selection method. 

工n F2 the heritability of the self-defoliation 

20 characteristic of hybr主ds is defined. The degree of 

25 

heterogenei七y in mutation generations and in hybrid F2 -

F3 populations was determined by the genetic variability or 

hereditary ability co-efficient which was calculated by the 

Allard formula: 

h2 hereditary abil 工ty coefficient of any 

character 

G2 Pl first parent dispersion 

G2 Fl hybrids Fl dispersion 

30 G2 P2 second parent dispers斗。n

G2 F2 hybrids F2 dispers斗。n

G2 F2 - G2 Fl + G2 Pl + G2 P2 

h2 = 

35 G2 F2 
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且且主且且L立.2 I)NA FinaerDrint of Rainbow 39 

DNA eJζtracted from Rainbow 39 was compared to DNA 

。f Sicala-34 (the comparator strain) in DNA fingerprint 

assays performed under contract by the Australian 

5 Government Analytical Laboratories I Molecular Biology 

Laboratory. 

Samples of genomic DNA were extracted from tw。

GOBsypium hirsutum varieties (Rainbow 39 and Sicala 34) by 

the cetyltrimethyl ammonium bromide (CTAB) method. CTAB is 

10 a detergent which disrupts cell walls and forms a complex 

with nucleic acids. The CTAE-nucleic acid complex can then 

be purified and separated from carbohydrates (Brian et al 

1994 1 Scott et al 1994). The DNA extracted using the CTAB 

was then subjected to further purification steps t。

15 eliminate inhibitors of DNA polymerase. Firstly , 
polyvinyl-pyrrolidone (PVP) was added to the CTAB 

extraction buffer. PVP improves the precipitation of 

polyphenolics and other organic substances (Kim et al , 
1997). Secondly , the final DNA pellets were incubated with 

20 工nstaGene Matr主X™ (BIO-RAD) , a commercial DNA purification 

matrix. Th工 s resin-based matrix efficiently absorbs cell 

lysis products that interfere with the PCR amplification 

process. The results showed that a satisfactory PCR 

amplification was achieved using the cotton DNA extracted 

25 by this new method. Suitable 10-mer primers for the 

generation of DNA fingerprints were screened from 4 日

randomly selected 10-mer primers 

A large amount of genomic DNA is required for the 

generation of DNA finge玄prints for cotton plants. Fresh 

30 young leaf tissues therefore are required for the DNA 

extraction. Cotton leaf tissues that are not fresh have 

very low levels of DNA, a high level of polyphenolics and 

。ther inhibitors. 

Extracted DNA was assayed by the technique of 

35 Randorn Amplified Polymorphic DNA Polymerase Chain Reaction 

(阻PD PCR) . 
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The DNA fingerprints of RAINBOW 39 and SICA工.A 34 

showed sign工ficant differences when three single primers 

were employed in RAPD PCR assay al though rnost primers 

generated identical DNA fingerprints for both RAINBOW 39 

5 and SICALA 34. This indicated that RAINBOW 39 and SICALA 

34 are very closely related cotton varieties. However , as 

shown in Figure 3 , one primer (primer z11) genera七ed

reproducibly distinct DNA fingerprints between RAINBOW 39 

and SICALA 34. The DNA fingerprint ge1 profiles generated 

10 with primer z11 showed the different RAPD PCR profiles 

15 

(lanes 4 and 6) between RAINBOW 39 and SICA工.A 34. The DNA 

band sizes were indicated by DNA standard GENESCAN-2500 

The protocol for obtaining the DNA f工ngerpr工nts

is gi ven in detail below 

可 ?如traction of aenomic DNA fr，曲曲曲ypium h主且扭扭

Deoxyribonucleic acids (DNA) was extracted from 

fresh young leaf of cotton by the protocol described below. 

(1) 250 mg of cotton tissues were ground in a 

20 motar with 2 日 μ1 of 2-mercaptoethanol (SIGMA , M-3148) until 

the tissues were of a creamy consistency. 

(2) 6日。 μ1 of 2 x extraction buffer was added 

to the tissues and was further ground until the tissue 

solution became clear (2 x extraction buffer: 2.0 % 

25 cetyltrimethylamrnonium bromide , 1. 4 M NaCl , 1日 On制 Tris-HC1

pH 8.0 , 20 n由 ethylenediamine tetraacetic acid , 1.0 % 

polyvinylpyrrolidone) 

(3) The tissue solution was transferred into a 

1.5ml microtube and incubated at 65 0 C for 5 minutes 

30 (4) 6 日 oμ1 of chloroform / isoamyl-alcohol 

(24:1) was added into the tissue solution and mixed 

thoroughly with a vortex mixer to form an emulsion. The 

microtube was then centrifuged at 10 , 000 x 9 for 5 minutes. 

(5) The solution from the top aqueous phases 

35 was transferred into new microtubes each conta斗ning 600μl 

。f isopropanol , and mixed by inversion until 七he white 

thread-like strands of DNA formed visible masses 



- 30 -

(6) The rnicrotube was incubated on ice for 1日

minutes and centrifuged at 5 , 000 x 9 for 2 minutes. 

(7) The supernatant was removed with a pipette 

and discarded. 

(8) The DNA pellet was hydrated by the addition 

of 4 日0μ1 of high-salt TE buffer and then incubated at 65C 

for 10 minutes (high-salt TE buffer: lOn制 Tris pH 8. 口， 1. 0 

R制 ethylenediam工ne tetraacetic acid pH 8.0 I 1.0 M NaCl) 

(9) The DNA was precipitated by the addition of 

1日 800μ1 of absolute ethanol and mixed by inversion until the 

white thread-like strands of DNA formed visible masses. 

(10) The microtube was incubated on ice for 10 

rninutes and centrifuged at 5 , 000 x 9 for 2 rninu七es.

(11) The supernatant was removed and discarded 

15 with pipette. 

(12) The DNA pellet was dr主ed at room 

temperature by leaving the microtube open to air for 1 

hour. 

(13) The DNA pellet was rehydrated by the 

2 日 addition of 200μ1 of 10老 (w/v) of Chelex@ 100 Resin (BIO

RAD) in TE Buffer and incubated at 550 C for 30 minutes. 

(TE Buffer: 10mM Tris pH 8. 口， 1. 0 rr由 ethylenediamine

tetraacetic acid pH 8 日).

(14) The rehydrated D個'A solution was centrifuged 

25 at 12 , 000 x g for 10 m工nutes.

(15) The DNA supernatant was transferred int。

new microtubes. 

(16) The resin pellet was suspended by 200μ1 of 

TE Buffer and 工ncubated at room temperature for 2 日 minutes.

30 Steps (14) and (15) were then repeated. 

(17) The ribonucleic acids (RNA) were removed 

from D叩'A solution by the addition of 2μ1 of RNase (20 

呵/ml) and the microtube was inc曲ated at 370 C for 30 

minutes. 

35 (18) The DNA concentrat工。n and quality were 

measured by the ethidium bromide fluorescence quantitation 

method. 
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(19) The DNA at this stage was used for RAPD PCR 

assay or stored at 40 C. 

2 Randηγ1 ~mnl_1Fi~à nn7vrnnrnhi r. DNA nη 7vmργ';:1 RP r!hR 'Í n 

5 r_eaction (RAPD PCR) for the aeneration 且f D且

主且正証已巫且主且主

This protocol generated DNA fingerprin七 s by 

random amplif工ed polymorph斗 c DNA (RAPD) technology , 
utiliz斗n9 a s工n91e ， 1日 -mer oligonucleotide primer of 

10 arbitrary sequence to amplify genomic DNA sequences of 

cotton Gossypíum hirsuturn varieties (RA工NBOW 39 and 8ICALA 

34). GeneScan 672 80ftware was used to analyse the RAPD 

PCR products. 

15 (i) RAPD PCR Procedure 

RAPD PCR was set in a volume of 25μ1 with 

approximately 25 nanograms of cotton genomic DNA , 100 pM of 

a single 10-mer primer , primer zll: 

20 5'-CTCAGTCGCA-3' (8EQ ID NO: 1) , 

2.0 rr咽 MgCl， 1日官由 Tris-HC1 ， pH 8.3 , 16.6 m凹 (NH,) ,80" 100 

μg/ml gelatin , 0.45毫 Triton-Xl日日 I 100μm dATP , 100阱1 dCTP , 

100μM dGTP , 100μM dTTP , 0.1μM dUTP , and 1.0 unit of Taq 

25 DNA polymerase (perkin Elmer). The reactions were 

performed within a O.5ml-microtube overlaid with mineral 

。il. Amplification was cycled in a thermal cycler (HYBAID , 
。mniGene ， U. K.) preheated to 95 DC. The cycler was 

P玄。gra官商ned for 45 cycles of 1 minute at 94 0 C, 1 minute at 

3 日 36DC and 2 minutes at 72 0 C on a for DNA denaturing , primer 

annealin弓， and primer extension , respecti vely. The PCR 

products were stored at -20oC. 
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(ii) RAPD PCR Generated DNA F工ngerprints were analysed 

using ABl GeneScan 672 Software on a DNA Sequencer 373 

System. 

5 Elec寸 γ'oDhoresis Cond主 tions

A 4.5毫 native polyacrylamide ge1 solution was 

prepared with 9 ml 4 日電 Acrylamide:N ， N' -Methylen-b工g 】

acrylamid '" 19: 1 stock solution (BIO-RAD) I 16 ml of 5xTBE 

buffer (5xTBE buffer in 1 liter: 549 Tris base , 27.59 boric 

10 acid , 20 ml of O.5M ethylenediamine tetraacet 工c acid pH 

8.0) I 55 ml of distilled water , 400μ1 of 10毫 ammonium

persulfate , and 45μ1 of N , N , N' , N'-Tetra-methy

ethylenediamine. 

The buffer was lxTBE (280 ml of 5xTBE buffer , 
15 1120 ml of distilled water). Electrophoresis was performed 

at a voltage of 7 日 Ov for 18 hours. RAPD PCR products were 

diluted with distilled water in 1:1 日 1μdiluted products 

were combined with 1μinternal lane DNA size standard 

GeneScan-2500 RQX and 3μ1 loading buffer (AB1 GeneScan 

2 日 kit). The combined samples then were loaded on the gels 

described above. Results of DNA fingerprints were 

automatically analysed and reported by AB1 373 automatic 

DNA sequencer with GeneScan 672 software , and are 

illustrated in Figure 3 

25 

E且且盟且1.!L.O. âeffilencina of Rai曲。w 39 

A 227 bp genomic DNA fragment was amplified from 

cotton Gossypi血泊 hirsutw訂 variety (Rainbow 39) using the 

polymorphic Random Amplified DNA Polymerase Chain Reaction 

30 (RAPD PCR) assay as outlined below. This DNA fragment was 

not amplified by this assay from an。七her l non-self 

defoliating cotton variety (Sicala 34). The 227 bp DNA 

fragment was cloned into a plasmid vector and sequenced 

us工ng the A且工 373 automatic DN.且 sequencer. The DNA sequence 

35 of the fragment was determined , and is shown in SEQ ID 

NO ,2. 
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R文np-rimental Protocols 

1. PCR by random amplified po1y誼。rphic DNA (RAPD) assay 

Genomic DNAs from cotton Rainbow 39 and Sicala 34 

varieties were subjected to RAPD-PCR reaction. Each 

5 amplification reaction was performed in a volume of 25μ1 

with approximately 25 nanograms of genomic DN且， 25 n9 of a 

single 1 日 -mer primer , 2. 日前由 MgC12 , 10 n叫 Tris-HC1 ， pH 8.3 , 

16.6 n啊 (NH4}2SÛ4 , 1日日 μg/ml gelatin , 0.45毫 Tri七。n-X100 ，

100μm of each dNTPs , and 1.0 unit of Taq DNA polymerase. 

10 The reactions were performed within a O.5ml-microtube 

overlaid with mineral oil. Amplification was programmed for 

45 cycles of 1 minute at 94 0 C, 1 minute at 36 0 C and 2 

minutes at 72 0 C on a thermal cycler for (HYBAID , OmniGene , 
U.K.) DNA denaturin弓， annealing , and primer extension , 

15 respectively. Blank control (no DNA added in the PCR 

20 

react工。n and replaced with water) was included in each RAPD 

PCR performance. The PCR products were analysed by 

electr。到loresis on a 1.4 每 agarose gel and visualised with 

ethid工um bromide s七aining and photographed 

2. Purification of RAPD PCR Fragments 

DNA bands were separated on 1.2 告 low melting 

point agarose gels stained with ethid工um bromide , and the 

desired fragment was sliced from the gel. The sliced gel 

25 containing the DNA fragment was put into a 1.5 ml Eppendorf 

tube and covered with TE buffer and then heated for 15 

minutes at 70 0 C to melt the gel. The melted gel solution 

was extracted with phenol/chloroform and then with 

chloroform. The DNA was precipitated by adding 0.1 volume 

30 of 3M sodium acetate and 1 volume of isopropanol and 

incubation at -20 oC overnight. The DNA was collected by 

centr斗fugation at 10 , 000 g for 15 minutes and resuspending 

the DNA pellet in sterile water. The DNA concentration was 

measured by running an electrophoresis gel with quantified 

35 DNA molecular size markers. 



3 . DNA Cloning 

(a) Ligation 
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The pGEM-T vector (Promega) was also used for 

cloning the PCR band. Ligation of PCR products using these 

5 vectors was carried out according to the manufacturerls 

工 nstructions.

(b) Transformation 

10告。f the ligation react斗。n ， or 5 ng of uncut 

10 vector for control , was rnixed with 100μ1 of competent 

cells in an Eppendorf tube and incubated on ice for 1 hour 

The Eppendorf tubes were heat shocked at 42 DC for 2 minutes 

in a water bath then incubated on ice for 20 minutes. Then 

1 ml of LB was added to the tubes and the cells were 

15 incubated at 370 C for 30-40 minutes on a rotating vertical 

wheel. The bacterial cells were collected by centr工fugation

at 1 , 500 g on a minicentrifuge for 10 minutes and 

resuspended in 200μ1 of LB containing 30 mg/ml of X-gal 

and 2 日 mg/ml IPTG. The bacterial solution was spread on LB 

20 agar plates containing 100μ9 /ml of ampicillin and dried 

in a 370 C oven for 2 hours and then the agar plates were 

inverted and incubated at 370 C overnight. 

(c) Selection of recombinant clones 

25 Bacterial colonies containing the recombinant 

vector were white , while those with non-recombinant vector 

were blue. Five white colonies were selected for plasmid 

preparation as described below. The presence of an insert 

was confirmed by restriction enzyme cleavage to linearize 

30 the plasmid and running the products on a agarose gel 

(d) Restr且ct斗on d且gest斗。In analysis of inserts 

Restriction endonucleases: EcoR 1 for the pGEM -

5Zf(+) vector were used to cut out the insert from the 

35 plasmid vector. The cut insert and the vector were then 

separated on 1.2 會 agarose gel electrophoresis. A control 

insert and linearised vector DNA were also run on the same 
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ge1. The correct recombinant plasmid was identified by the 

presence of both insert and vector bands. 

4. Plasmid DNA preparation for DNA sequencing 

A 6ing1e colony of transformed E. coli strain 

JM1日 9 was cultured in 5 ml of LB broth containing 10 伺Iml

。f ampicillin at 370 C with shaking overnight (abou七 16

hours). Three 1.5 ml aliquots of each sample were pelleted 

in 1.5 ml Eppendorf tubes by microcentrifugation with 1 ， 5 日。

10 g for 10 minutes. The E. coli pellets were fully 

resuspended in 200 ~l of GET buffer (50 mM glucose/25mM 

EDTA/20rr凹 Tris-HCl ， pH 8.0) , and were then centrifuged with 

1 ， 5日 o g for 10 minutes. The E. coli pellets were 

resuspended in 50μ1 of GET containing 10 mg/ml of 

15 lysozyme. After leaving on ice for 30 minutes , the E. coli 

was lysed by the addition of 150μ1 of 0.5 M NaOH/l.0急 SDS.

Proteins and genomic D個'A were precipitated by adding 200μ1 

。f 3M potassium acetate pH 5.2. The supernatant was 

transferred 七。 new Eppendorf tubes. Plasmids were then 

20 precipitated by the addition of an equal volume of 

isopropanol and then centrifuged at 10 , 000 g for 1 日

minutes. Plasmid pellets were washed with 7 日奄 ethanol and 

air dried for 1 hour. Plasmid DNAs were dissolved in 200μl 

of TE buffer containing 10 間Iml of RNase and incubated at 

25 370 C for 1 hour. DNA solutions were extracted twice with 

Phenol:Chloroform (1:1). Plasmid DNAs were then 

precipitated by adding 0.1 volume of 3M sodium acetate pH 

5.2 and 2.5 volume of absolute ethanol. After incubating on 

ice for 3 日 minutes ， plasmid DNAs were 七hen cen七rifuged at 

30 10 , 000 g for 10 minutes. DNA pellets were washed with 70% 

ethanol and dried as described above. Plasmid DNAs were 

finally dissolved in 50μ1 of water and stored at -20oC. 

5. DNA Sequencing 

35 Dideoxy chain termination sequencing was 

performed on an ABI automatic DNA seql斗encer (Model 373 , 
UAS) using an AmpliTaq DN且 polymerase Dye Term工nator Cycle 
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Sequencing Kit according to the conditions recommended by 

perkin Elmer. DNA sequence data were obtained using ABI 

sequencing analysis software. 

5 PREFERRED EMBODIMENT OF T官E TNVF:N'T'T()N 

工n a preferred embodiment , the c。七七。n plant of 

the invention is the variety designated 11 BD 11 , which has 

snow-white cotton fibres , and exhibits timely self-

defoliation by the end of vegetation 

10 The variety shows sympodial branching , is a shrub 

。f pyramidal form with 0-2 monopodia shrub heights 10日 -110

cm , and boll mass about 5.5 g. The shrub is high yielding , 
resistant to beating down , tomentose and stem 8un-hurn 

intensified by autumn. Leaves are med斗um light green , 3-5 

15 lobed. The flower is pentagonal , medium s工 zed ， without an 

anthocyan sp。七 Raw fibres are wh工te ， flesh-coloured or 

have sandy tints , and are kept firm 工n the boll without 

falling out and are suitable for hand and machine picking 

Fibre yield is 34-36毫 and length 36/38 mm. 

20 By the end of vegetation growth , the self 

defoliation reaches 100 per cent. The plant has a tendency 

to drying in the apical or top section , leading to some 

11 self -embossing ll of plants. 

The white and coloured f工bres are unaffected by 

25 sunlight. 

The fibre is ecologically favourable , i.e. it 

does not contain toxins on its surface , and the variety has 

95-100毫 early natural self defoliation. 

The invention has been described in detail for 

30 the purposes of clarity and understand工ng of the invention. 

Various forms and embodiments may be made by a person 

skilled in the art without departing fr。叩 the scope of the 

ìnventìon. 

References cited herein are listed on the 

35 following pages , and are incorporated herein by this 

reference. 
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SEOUENCE LISTτNα 

(1) GENERAL INFORMATION: 

(i) APPLICANT: 

(A) NAME: Virgin Cotton Company Pty L七d

(B) STREET: 1 percival Road 

(C) CITY: Stanmore 

(D) STATE: NSW 

10 (E) COUNTRY: Australia 

(F) POSTAL CODE (ZIP): 2048 

(ii) TITLE OF INVENTION: SELF-DEFOLIATING PLANT 

15 (iii) NUMBER OF SEQUENCES: 2 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

20 (C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patent工n Release #1.0 , Version 

#1. 30 (EPO) 

(v) CURRENT APPLICATION DATA: 

25 APPLICATION NUMBER: AU P08174 

(2) INFORMATION FOR SEQ ID NO: 1: 

30 (i) SEQUENCE CHARACTERISTICS: 

35 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = npCR primer" 
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(iii) HYPOTHETICAL , YES 

(iv) ANTI-SENSE . NO 

(v) FRAGMENT TYPE: N-terminal 

(vi) ORIGIN且L SOURCE , 
(A) ORGANISM: Gossypium hirsutum 

10 (B) STRAIN , RAINBOW 39 

(xi) SEQUENCE DESCR工 PTION ， SEQ ID NO , 1 , 

CTCAGTCGCA 

15 10 

(2) INFORMATION FOR SEQ ID NO , 2 , 

(i) SEQUENCE CHARACTERISTICS , 
20 (A) LENGTH , 227 base pairs 

(B) TYPE: nucleic ac工d

(C) STRANDEDNESS , single 

(D) TOPOLOGY , linear 

25 (ii) MOLECULE TYPE , DNA (genomic) 

(iii) HYPOTHETICAL . NO 

(iv) ANTI-SENSE . NO 

30 

(v) FRAGMENT TYPE: internal 

(vi) ORIGINAL SOURCE , 
(且) ORG且NISM: Gossypium hirsutum 

35 (B) STRAIN , RAINBOW 39 

(F) TISSUE TYPE , Leaf 
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(xi) SEQUENCE DESCRIPTION. SEQ ID NQ , 2 

GTCTAAAATG CAGGAGGACC AGAACTAACT CAACGCCACT CAACACTATA 

CCTCGGATCC 60 

CACAGGAGCC CTGGCTTGTC CCTCTGTGCT CACTCATC巴T TTCCCGTGTC 

GTT且ACTAAT 120 

GTCTGCCTAC AGGAGGGAGT TGTTGCAGTC AAGGGAAATG ATCCCTAAAA 

1 日 TTCTCTACGC 180 

15 

TGC且CCATTC CCCGATCAAG ACCATGTGAT TCATGAAAAT TATAACA 

227 
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g;.主主旦真

1. A self-defoliating cotton plant. 

2. A plant according to claim 1 , wherein 七he cotton 

plant compr工ses a nucle工c acid sequence or functional 

5 fragment thereof which is activated to effect self-

defoliation of the cotton plant. 

3. A cotton plant according to claim 2 , wherein the 

nucleic acid sequence is activated by chemical treatment 

and irradiation. 

1日 4. A plant according to claim 3 I wherein the nucleic 

acid sequence is activated by treatment with ethylene imine 

and ionising radiation. 

5. A plant according to any one of claims 2 to 4 I 

wherein the nucleic acid sequence or fragment thereof 

15 comprises the sequence shown in SEQ ID NO: 1 

6. A plant according to claim 5 , wherein the 

sequence is a functional fragment of the sequence shown in 

SEQ ID NO ,2 

7. A plant according to any one of claims 1 to 6 , 
20 wherein the cotton plant is of the strain Gossypium 

hirsutum. 

8. A plant according to claim 1 , wherein the plant 

工 s selected from the group consisting of Rainbow 34 , 
Rainbow 39 , Rainbow 38 and Rainbow 37 

25 9. A plant according to any one of claims 1 to 8 , 
wherein the plant self-defoliates at the boll opening 

stage. 

10. A plant according to claim 2 , wherein seeds of 

the plant have the biological characteristics of AGAL 

3 日 deposit number NM 98/06259. 

11. A self-defoliating cotton plant according t。

claim 2 , having cotton fibres of a colour selected from the 

group consisting of beige , snow-white , brown and green. 

12. A cotton plant according to claim 11 , wherein the 

35 plant is resistant to one or more diseases caused by 

Thielav斗。'psis babicola , Fusarium vasinfectum and/or Bemisia 

tabaci. 
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13. A cotton plant according to claim 12 , wherein the 

plant comprises a nucleic acid sequence or functional 

fragment there。主 which is activated to effect self-

defoliation of the cotton plant 

5 14. A cotton plant which has been transformed with a 

nucleic acid sequence conferring self-defoliation ability , 
and which comprises the nucleotide sequence shown in SEQ ID 

NO ,2 

15. A cotton plant which is the progeny of , or is 

10 deri ved from , a plant acc。玄ding to any one of claims 1 t。

14 , and which is self-defoliating , with the proviso that 

said progeny 工s not Rainbow 34 or Rainbow 39 as herein 

described. 

16. A method of activating a defoliat主ng nucleic acid 

15 sequence in cotton , c。前~rising the step of treating cotton 

seed with ethylene imine and ionising radiation. 

17. A method according to claim 16 , where工n the seeds 

are hybrid seeds produced by crossing a parent cotton plant 

which has been selected for desired characteristics or 

20 traits , and the seeds are treated with ethylene imine for 

about 10 hours followed by y-irradiation of the seeds with 

about 20 kiloroentgens absorbed dose. 

18. A method according to claim 17 , wherein the y-
irradiation is at a dose of 4 kiloroentgens for 50 seconds. 

25 19. A method according to claim 18 , wherein the seeds 

comprises a nucleic acid sequence or functional fragment 

thereof , compris工ng a DNA segment of sequence SEQ 1D NO: 2 . 

20. A method according to any one of claims 16 to 19 , 
wherein the seeds have the biological characteristics of 

30 AGAL deposit number NM 98/06259. 

21. A nucleic acid molecule comprising the associated 

sequence set out in SEQ 1D NO:2 , with the ability to confer 

self-defoliation when present in a cotton plant. 

22. A nucleic acid molecule according to claim 21 , 
35 wherein the associated sequence is expressed in the cotton 

plant. 
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23. A vector or plasm工d comprising a nucleic acid 

sequence according to claim to claim 21 or claim 22. 

24. A plant cell comprising a nucle工c acid sequence 

according to claim 21 or claim 22. 

5 25. A plant comprising a plant cell according t。

claim 24. 

26. A product of a cotton plant accord斗ng to any one 

。f claims 1 to 15 , claim 24 or claim 25 , selected from the 

group consisting of reproductive material , seeds t cuttings , 

10 seedlings , protoplasts , leaves , stems , flowers , cotton 

fibres and textiles 
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ABSTR盟主

This invention relates to a cotton plant which 

self defoliates , and to the progeny, reproductive material , 
5 seeds , cuttings , seedlings , protoplasts , leaves , stems , 

1日

flowers and cotton thereof. It also relates to f工bres and 

textiles made using cotton from such a plant , and t。

nucleic acid molecules comprising a sequence associated 

with the self-defoliation characteristic8 
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FiguI:" lB 
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Figure 2 
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