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Abstract

The expression of thiglanded-plantandglandless-seedtait was assessed using High Performance Liquid
Chromatography (HPLC) analysis methods in diffe@ossypiunhybrids obtained by crossing Australian
diploid cottons and various diploid and tetraplsfgkbcies. Significant variation in the gossypol eohin the
seed was observed among the analyzed genotype€ Ha&th demonstrated that the gossypol synthesis
repression mechanism in the Australian diploid Esebelonging to C and G genomes was dominantibutat
confirm its preferential functioning against A gem® species bearing Glocus. About 10% of the produced
seeds had total gossypol content lower than thi¢ ilinposed by the World Health Organisation (60@npor
the use of cotton flour in food and feed. HPLC gsial of the terpenoids aldehyde (TA) contents enahrial
parts of the hybrids showed important qualitatisd guantitative variability. This result could indie a certain
separation between pigment gland morphogenesiteapenoid synthesis mechanisms in cotton.
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Abbreviations

G Gossypol
HPLC High Performance Liquid Chromatography
Hy Heliocide 1

H, Heliocide 2
Hs Heliocide 3
Ha Heliocide 4

HG High glanding

HGQ  Hemigossypolone

TA Terpenoids aldehyde

TTA  Total terpenoids aldehyde

e Molar extinction coefficient

HRS  [2(G.hirsutumx G. raimondi) x G. sturtianur

Introduction

The presence of lysigenous glands filled with gpstgand other terpenoid aldehydes (TA) in mosugssof
cultivated cotton induces natural resistance tedhpests (Altman et al. 1990) Most studies regarttie TA
composition and content fAossypiunspecies indicated the existence of differences eetvioliar and seed TA.
High Performance Liquid Chromatography (HPLC) asslyesults showed that gossypol is the main T#erd
but not in foliar glands. Hemigossypolone and takolcides constitute up to 90% of the total TAdsiaves and
up to 45% in flower buds (Altman et al. 1989; Stipeic et al. 1988).

The TA content in cotton specigsdssypiunspp.) is controlled by at least six independeni loemelygl,, gl,,
ols, gls, gls andglg (Pauly 1979). The formation of gossypol glandtnaploid upland cottord. hirsutun) is
controlled by two main alleleSl, andGl; (5) and seed glanding is determined mainly byGheallele (Lee
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1965; Pauly 1979; McCarty et al. 1996). McMichak934) reported two recessive mutant allegé&sandgls
which completely removed pigment glands from the@hetplant, and resulted in nontoxic cottonseed wheg
were simultaneously present in a recessive homamygtate.

Among the 50 species &ossypiumthe "glandless-seedndglanded-plant'trait is found only in some
Australian wild species belonging SiurtiaandHibiscoideasections (Brubaker et al. 1996). All the Australian
native diploid species belonging to these sectsuth ass. sturtianumandG. australepresent this natural trait
which means they produce seed without visible pigrgéands but still possess foliar gossypol glaihes
endow them with a certain level of protection agarerbivores. These Australian cottons of C argk@omes
are however phylogenetically remote from uplandazotin these plants, the genes involved in godsyiand
formation appear to be controlled by a repressieetranism which acts until the cotyledons open had/bung
plantlets begin to synthesize chlorophyll (Fryxed65). After the formation of the chlorophyll ab@eground
parts of the plant, issued from glandless seedjlareled. To date, the functioning of this reprgssnechanism
and its genetic determinism in the Australian veifebcies remains unknown. Recent works using SSRemsar
to monitor introgression thiglandless seedndglanded plant'trait in a trispecific hybrid indicated that thaitr
may be controlled at least by two major genes (Banh et al. 2007). The quantification of tigganded-plant
andglandless-seedtait is generally made either visually (level ¢dgding) or chemically (quantification of
TAs content).

Shuijin and Biling (1993) have evaluated visualig £xpression of thiglandless-seedndglanded plant'trait
on seeds produced by a synthetic allotetraploidinbtl by crossing. bickii (2n = 2x = 26, genome G) witls.
arboreum(2n = 2x = 26, genome A). The seeds were complegiédyndlessand gave rise tglandedseedlings.

Dilday (1986) identified a fertile allohexaploidM2= 78) in Muramoto's original material (Muramoto 836
This allohexaploid was obtained by an interspedifwss of tetraploid (2= 52)G. hirsutumx a wild diploid
speciess. sturtianumWillis (2n = 26). The material showed a phenotype hatgigndless-seedndglanded-
foliage". Theglandlessphenotype had only 0.02% seed gossypol. Most opémeaploids obtained by crossing
G. hirsutumwith G. sturtianunmWillis or G. australeF. von Muller had lower seed gossypol content than
cultivated parent and a normal gossypol concenptrati the other parts of the plant (Muramoto 198fday
1986; Koto 1989).

Altman et al. (1987) obtained BGeeds with no gossypol glands using the B{utumx G. sturtianum)
hexaploid but the trait was not transmitted tophegeny; this characteristic was also not obsemveahy of the
monosomic alien addition families obtained by cig&. hirsutumwith Australian species (Koto 1989;
Rooney et al. 1991; Ahoton et al. 2003).

Vroh Bi et al. (1999) developed two triple hybridgolving G. hirsutumandG. sturtianunusing eithelG.
thurberi Torado (2 = 2x = 26, genome D) o&. raimondiiUlbrich (2n = 2x = 26, genome D) as a bridge
species. The backcrossing of the HRS hybi@l Rirsutumx G. raimondii)doubled xG. sturtianurn gave rise
to BC,. BGC,, BG; and BGS; derivatives from seeds presenting very low degssitif gossypol glands on their
kernels.

Sunilkumar et al. (2006) recently reported anotttegmpt to eliminate gossypol in seeds. Using RNAI
techniques they produced F2 transgenic plants@vithug/mg seed gossypol, while maintaining gossgpdl
related terpenoids in the foliage and floral paftthe plant. This technique represents anothesiplesway to
modify seed gossypol, but further testing is stleded to confirm the expression in advanced geoesaof the
terpenoid biosynthesis disruption in the seed.

The objective of this study was to evaluate theresgion of thglandless-seedndglanded-plantrait in
different genetic backgrounds involvig hirsutumthree diploid species and eight different intergjec

hybrids in order to better understand its detersnmand assess the consequences of its introgresgidb.
hirsutumon TA content and composition in upland cotton smedl aerial organs.

Materials and methods
Plant materials

The seeds used in our investigations were prodiogeslfing 12 distinct genotypes (with differenngéic
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backgrounds) maintained in the cotton collectiothef Gembloux Agricultural University: one variatfyG.
hirsutum[(2n = 4x =52, 2(ADy)] (cv. STAM F) originating from West Africa; one asséon ofG. thurberi(2n

= 2x = 26, 2D); one accession @. raimondii(2n = 2x = 26,2Ds); one accession @. sturtianum(2n= 2x =

26, 2G); one synthetic allohexaploid G(hirsutumx G. sturtianum)Youbled (2[AD\C4]); three synthetic
allotetraploids : G. arboreumL. x G. sturtianunmy doubled (2[AC4]), (G. thurberix G. sturtianuny doubled
(2[D1C4)), (G. australex G. davidsoniiKell.) doubled (2[GDs.,]); four plants obtained by backcrossing the HRS
[(G. hirsutumx G. raimondii) doubled xG. sturtianunj, [ADDsC,]) trispecific hybrid toG. hirsutum :HRS
BC,S,/09, HRS BG/14, HRS BG/09 and HRS BgI3. All these genotypes were characterized by d#ifgrent
levels of seed glands and the 8Cand BG plants from the HRS trispecific hybrid were chogamtheir ability

to produce progenies segregating for this traibfMBi et al. 1999).

Seed glands counting technique and surface evaluation

Before being analyzed by HPLC, each seed was dutdardongitudinal sections after removal of theusgnts
in order to assess its total number of glamgsper section and its section ar&ir( mnf). These operations
were carried out with a Nikon Eclipse E800 lightidluorescent microscope (Nikon, Tokyo, Japan) gisin
JVC-3-CCD color video camera (JVC, Tokyo, Japam) e Archive Plus program from Sony (Sony
Electronics, NJ, Park Ridge, USA) to capture aralyae the images.

Evaluation of pigment gland density on aerial parts

All plants were at least 1 year old and some ofitmrescent species were older than 6 years. 8iacgudied
genotypes were perennials with cyclical growth]edves and flower buds were selected from all efritat a
similar growth stage. Number of pigment glands eraluated five times on randomly selected squdr2s, a8,
and 15 mrh for leaves, calyx, and bract, respectively. Thetsgervations were carried out with the same
scientific equipment used for gossypol gland coomntseeds. Simple correlation coefficients wereuwated
between the number of gossypol glands on leavedlandr buds and their total terpenoids aldehydeteat
(TTA).

Assessment of seed by seed gossypol content

The HPLC method optimized by Benbouza et al. (20@ used to quantify the gossypol content on sieged
samples. After being peeled, cut and weighed tedsseere ground in graduated 20 ml tubes with 16:lL6f
liquid nitrogen and 0.5-1 ml of glacial acetic acidter the cryo-grinding, samples of seeds werdrblyzed for
10 min in boiling water bath at 100°C with 4 miglacial acetic acid. At the same time, two samfile2 mg) of
standard gossypol (Sigma ref. G-8761, St. Louis, MOA,) were treated similarly. The solutions wéitered
through silanized glass wool into 20 ml volumeftasks. The residues were rinsed three times w3 of a
water/acetonitrile (50:50; V/V) mixture; the recosd solutions were diluted up to 20 ml and homazgshi
carefully. The samples were then left at room tenaipree for 3 h before being filtered twice throwB.20 pm
nylon membrane (MSI).

The samples were directly analyzed on a Merck Hitac6200 chromatograph (Hitachi Ltd., Tokyo, Japan
equipped with a Merck Hitachi L 4000 UV. The chrdomaaphic signals were integrated on a Hewlett Biatk
HP 1000 integrator (Hewlett Packard, USA). Othalgiical conditions were fixed as follows:

- Column: inertsil 5 um ODS-3 from Chrompack (Thetinerlands); (100 x 3 mm).

- Mobile phase: acetonitrile/water (acidified to pt2.6 with phosphoric acid) 88:12 (V/V) at flowteaof 0.5 ml
i1
min™,

- UV detection at 272 nm.

- Duplicates of 20-pl injections were made forsaimples. The standard curve for gossypol was eanstt
from triplicate determinations each for gossypdamtities of 0.5, 1, 1.5 and 2 mg.

HPLC determination of foliar terpenoids aldehyde (TA)
The HPLC procedure proposed by Stipanovic et 888) was used for analyzes. The number of replinatper

organ analyzed varied from 1 to 10 according tosteied genotypes. Samples of dried leaves amegflouds
were ground to a powder. Samples of 100 mg werkeshg225 rpm) for 30-min in capped 125 ml Erlennteye
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flask with 15 ml of glass beads, 10 ml of 3:1 hexathyl acetate (HEA), and 200 ul of 10% HCL (HOAdY)
(for leaves) or 100 ul of 10% HCL (for flower bud$he solution was filtered through Whatman Noiltérf
paper supported on a fritted filter disk into arBlOpear-shaped flask, and the beads and residuenmsed
three times with 2-3 ml of HEA. The solvent was mwated under reduced pressure in a Biichi at 3TKE.
residue was resuspended with HEA (4 x 150 ul),eawh portion was transferred to a Maxi-clean silica
cartridge (600 mg) (Alltech). The cartridges weried with a gentle stream of nitrogen, and thepeaoids
were eluted with 5 ml of isopropyl alcohol (IPALedoni-trile (ACN), water, and ethyl acetate (EtQAc
(35:21:39:5) (v/viviv). The eluent was filtereddbgh a 0.22 pm nylon membrane (MSI), and a 1 mquali was
transferred to a vial and sealed. The samples armalyzed as soon as possible after extraction bedhey
were found to degrade with time.

Samples were analyzed on a Hewlett-Packard HP @%@ chromatograph equipped with a diode array
detector and a HP auto injector using a 125 x 41@tRP-18 (5 um) (Merck Lichrospher) column. A niebi
phase of ethanol-methanol-isopropyl alcohol (IP£étanitrile-(ACN) water-ethyl-dimethylformamide and
phosphoric acid (16.7:4.6:12.1: 20.2:37.4:3.8:51):Qv/v/v/viviviviv) was monitored at 272 nm afl@aw rate of
1 ml min®. Duplicate 20 pl injections were made for all séespThe analytical procedure was first optimized
by changing the composition of the mobile phasethactlution temperature.

To be able to identify the peaks and to quantifyd¢bntent of the gossypol and the heliocides iretieacts of
leaves and flower buds, we used two pure standgodsypol (SIGMA. Ref. G-8761) and hemigossypolonne
(HGQ used only for identification, because of tieeywsmall quantity available). This standard wamsdki
provided by Dr. R. Stipanovic (USDA-ARS, Collegafiin, USA). The identification of the heliocidd$,(to

H,) was performed on the basis of their relativentta data (gossypol as reference) and their U\ttspin.

The calculation of the molar extinction coefficige) of the gossypole(= 518.54) in comparison with that of the
heliocides found in the literature enabled us targily the identified heliocides as "gossypol eglént" on the
basis of a calibration curve established with aitsmh of gossypol.

Results
Seed gland density and quantification of seed gadgontent using the seed-by-seed HPLC method

Table 1 presents the results obtained from thereasens made on the section of the seeds usesktsa
gossypol content with the seed-by-seed HPLC armatysthod. For genotypes B%/09 and BGS,/ 09, we
noted a reduction in the number of gossypol glamdthe external tissues of the whole seed kernetpared
with the gossypol gland density observed in thepial species3. hirsutumandG. raimondii)of the HRS
trispecific hybrid.

The allotetraploids Z%. thurberix G. sturtianum)2(G. arboreumx G. sturtianum)2(G. australex G. da-
vidsonii),and the synthetic allohexaploid@(hirsutumx G. sturtianum) which include all the chromosomes of
the wild Australian species in their genome, alsoveed a significant reduction in the number of gpss

glands (Table 1).

The same tendency was observed for gossypol comptamtification using the seed-by-seed HPLC anslysi
method (Table 1). All the analyzed hybrids showedduction in the seed gossypol content compardikeio
non-Australian parent. For the allotetraploid& 2thurberix G. sturtianun), 2(G. arboreumx G. sturtianum),

and the synthetic allohexaploid@(hirsutumx G. sturtianum}he seed gossypol content was lower than 0.05%.
However, it was higher than this in the allotetodghl2(G. australex G. davidsonii).The best segregating
genotypes of the trispecific hybrid HRS, were tt@&%/09 and BG/09 with 0.33% and 0.54%, respectively.

The correlation coefficient we calculated betwedmngeed kernel gossypol content and the pigmentgla
density on the embryo was very high (r = 0.996; 0.001) indicating a coupling of these two paraaret
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Table 1. Results of gland counts and seed gossypol corfteragsessment

Genotypes n Average number of glands per| Gossypol content (%) + sd
mm?

G. hirsutumcv. STAMF 16 5.36 0.97£0.18
G. raimondii 6 9.73 2.331+0.34
G. thurberi 7 12.32 2.58 £ 0.58
G. sturtianum 9 0 0

2(G. hirsutumx G. sturtianum |7 1.76 0.03+0.01
2(G. thurberix G. sturtianum |9 1.97 0.01+0.01
2(G. arboreunx G. sturtianum |6 1.57 0.01 +0.00
2(G. australex G. davidson) |16 6.04 0.26 + 0.05
BC,S,/09 16 2.77 0.331+0.22
BC,/09 19 3.28 0.54+0.19
BC,S)/14 11 3.47 0.43+0.15
BC,/13 17 4.33 0.71+0.18

n, Seed number; sd, standard deviation

Quantification of pigment gland density on aerial parts

Table 2 presents the results obtained from glandtong observations made on the aerial parts. Riggiands
were present on all vegetative parts of the gemstygvaluated in this study. On leaves, the gosgylpatls of

G. raimondiihad purple orange color. Those@f hirsutumwere smaller with black color and were denser than
those ofG. sturtianumwhich had a black purple color. Evaluation of glatghsity highlighted a great

variability between various plants and organs @nstime plant, within cross ings and between diftere
crossingsG. thurberiexhibited a high gland density on the leaves amgtea, whileG. hirsutumhad the lowest
density on all evaluated organs, compared to thera@pecies (Table 2).

Table 2. Results of gland counts on aerial organs

Genotypes Average number of gossypol glands
Leave$ + sd Bracts’ + sd Calyces + sd
G. hirsutumcv. STAM F 58.4+£0.8 184+1.0 155+1.3
G. raimondii 82.4+9.2 56.6 +2.6 28.9+1.3
G. thurberi 2248+5.1 62.2 £13.3 579+21
G. sturtianum 63.4+6.6 726118 29.8+1.6
2(G. hirsutumx G. sturtianum |54.1+7.9 41.2+2.2 18.7+0.8
2(G. thurberix G. sturtianum |59.6 £ 2.5 84.8 +1.3 24.4+1.8
2(G. arboreunx G. sturtianun |27.8 + 3.5 27.8+1.38 131+1 .0
2(G. australex G. davidson) |31.7+£4.5 14.1+0.4 19.3+1.0
BC,S,/09 74.6 £5.2 215+19 19.7+1.3
BC3/09 39.7+22 16.8+1.3 10.7+1.9
BC,S)/14 86.8+6.3 20.6 £3.2 18.7+0.5
BC,/13 37.7+26 13.1+1.5 18.6 £ 0.4

3 Count of glands on 25 nimfCount of glands on 8 nfmCount of glands on of 15 m

sd, Standard deviation
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The allotetraploid 6. thurberix G. sturtianunm) expressed the highest density on all evaluatgdrs; while
2(G. australex G. sturtianunm had the lowest density on bracts an@ 24rboreunx G. sturtianunj on calyces.
Progenies of HRS notably B&/09 and BGS,/14 plants exhibited a high density of gossypohdlcompared
to the cultivated paren€( hirsutum)of the triple hybrid.

TA quantification on the aerial parts
Qualitative determination of the TA

Separation of individual terpenoid aldehydes (Teani each other is difficult considering that helites are
isomers and structurally very similar. The TAs preisin the leaves and flower buds have been idedtify two
distinct procedures:

(1) A direct method based on retention times (R€asured by co-injection of the two available stagdsla
(HGQ or G; RT = 2.58- and 10.38-min, respectiveli)e RT of the standard gossypol and of the
hemigossypolone were in close agreement with tbbsgined by Altaf et al. (1999): 2.51- and 10.3Ami
respectively. To corroborate the identificatiorave extracts and flower buds were spiked with auméxof the
G and HGQ standards. The increase in their correipg peak areas confirmed the first identificasion
Moreover, the recorded UV spectrum fitted exactithwhose of pure references. (2) The heliocidgsHs, Hz
and H,, were identified by calculation of relative timegention (RT) with the gossypol as reference. Fdlaes
obtained were in perfect agreement with those tdfAdt al. (1999).

Quantitative determination of the TA

The quantification of the TAs [HGQ, G and heliogdél,, H,, Hs and H)] was conducted by using a calibration
curve established with increasing amounts of G théa calculated the molar extinction coefficie)tdf G in
chloroform which was compared with those of othalidtide published values (Stipanovic et al. 19T§aWe
found thate values for the various heliocides were of the sarder of magnitude: G = 31784 H; = 31200;

¢ Hy = 28500% H; = 37700. For KHlwe hypothesized anvalue close to that of +because the structures of these
two molecules are very similar.

The first modification we made to the method wasdbmposition of the mobile phase. We obtained@abée
separation of the peaks with 80% efhanol-methasaiopyl alcohol (IPA)-acetonitrile-(ACN) water-gth
Dimethylformamide and phosphoric acid (16.7:4.61120.2:37.4:3.8:5.1:0.1) and 20% acetonitrile. A
temperature ranging from 35 to 55°C led to a deadticrease in column selectivity. Therefore, thutiah
temperature was fixed at 25°C. Under this condjtiba run time for one analysis was 20 min.

Quantification of the TA content in leaves

Table 3 shows the results obtained by HPLC anabfsi#As in leaves for all evaluated genotypes. Tdsilts
indicate very high qualitative and quantitativeighility between the investigated genotypes. Gohirsutumall
investigated TAs were present (Fig. 1). The hefiedil was the predominant TA and G was relatively low in
guantity.G. raimondiipossessed the unique TA, the raimondal (95%) (Tab#nd a very low content of G

(Fig. 2), whileG. thurberiwas notable for its high concentration of TTA iniethG was the dominant
contributor (42.1%), HGQ was the lower one (1.4%4 the heliocides (Ho H,) were not detected.

G. sturtianunpossessed HGQ,;knd H TAs in moderate quantities, while;Mias not detected and G occurred
as a minor constituent.

All allotetraploids had moderate concentration3 ©A but the tetraploid hybrid &. australex G. davidsoni)
showed a low quantity of TTA. HGQ and G were prégeill allotetraploids but heliocides presented
qualitative differences (Table 3). Heliocideg H; and H, were not detected in the allohexaploi2irsutum
x G. sturtianun), while HGQ had the highest percentage and G thedbore.

Progenies of the trispecific hybrid HRS exhibited towest concentrations of TTA compared to theoth
analyzed genotypes. TAs were not detected in BA84dfBextracts. HGQ and G were the unique TAs prieise
leaves of BG09, B,C,/09 and BGS,/14 plants; while heliocides;Ho H, were not detected in all progenies of
the trispecific hybrid HRS. In line with Altman at (1991) and Altaf et al. (1999), we observedphesence of
several unknown compounds. Our results show thia® fahurberi,G. sturtianumallotetraploids and the
allohexaploid, unknown compounds represent mone tiadf of the six common TA content. Some of these
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compounds are likely terpenoid. Further analyzesishbe undertaken to characterize these compoings.
same observation can be made for the backcrostsplaowever, the TTA contents were lower.

Table 3. Percentages and concentrations of TA present indea

Genotypes a Mean (%) H; H» Hsz | Hy | TTAI (%) | TTA (ug/g)
HGQ |G

G. hirsutumcv. STAM F 10 |1.6 1.3 |324 |41 13.6 (9.6 |99.5 188.8 £ 27.4
G. raimondii(R = 747.9) 6 - 0.6 |- - - 95.5 790.8+172.4
(94.9%)
G. thurberi 4 14 42.1 |- - - - 43.5 1135.3 +131.4
G. sturtianum 5 8.8 09 |88 |82 |- 4 30.7 499.2 +73.5
2(G. hirsutunx G. 4 145 (0.8 |- 85 |- - 23 582 +£53.9
sturtianum)
2(G. thurberx G. sturtianum |3/7 |0.9 154 |- - - - 16.3 191.9+11.9
2(G. arboreunx G. 4 6.3 0.6 |- 11.3 |- - 18.2 303.8+27.4
sturtianum)
2(G. australex G. davidsonii|4 2.8 25 |- - 23 |43 |11.9 349+0.1
BC,S,/09 4 9.5 16.3 |- - - - 25.8 73104
BC3/09 4 22.8 |29.2 |- - - - 52 4.3+0.3
BC,S,)/14 4 28.2 |34.1 |- - - - 62.3 39+0.1
BC3/13 4 - - - - - - -

a, Number of repetitions; -, not detected; TTAaltebntent terpenoid aldehydes; TTAI, total terpdraddehydes identified; G, gossypol,
HGQ, hemigossypolone H,, Hs, Ha, heliocides, R, raimondal; sd, standard deviaémwas calculated as a function of TTA

Fig. 1. Chromatogram of the G. hirsutum cv. STAM F le&faex. Legend: HGQ—hemigossypolone
G—gossypol; heliocides—b H,
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Fig. 2: Chromatogram of G. raimondii leaf extract. Lege@d—gossypol; R—raimondal

maU 1 o

Quantification of the TA content in flower buds

The total concentration of TA (TTA) and the pereg@ of HGQ, G and heliocides (kb H,) in flower buds of
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each genotype are given in Table 4. G was the neajastituent of all genotypes, except @rsturtianumwith
3.58% and the allotetraploid@(arboreumx G. sturtianum with 2.5%.G. hirsutumpossessed all the six TTA
(Fig. 3) in moderate concentration, while heliosigdeere not detected @. sturtianumwhich had the lowest
content of TTA. Species of genome (B) thurberi(Fig. 4) andG. raimondii(Table 4) possessed a high
concentration of TTA, but heliocides {ltb H;) were not detected. Allotetraploids showed highligative and
guantitative differences (Table 4) and those cibsgth (D) genome species had the highest cond@niraf
TTA. The allohexaploid Zg. arboreumx G. sturtianum) had a moderate percentage of all the six TA with a
predominance of HHRS derivatives possessed moderate percentagdiofities (H to H,); G was the most
prevalent TA compound and the concentration of Wl&s similar to the cultivated pare@t hirsutum.The
BC,S,/09, BGS,/14, BG/09 and BG/13 plants contained a high proportion of G wittkgpectively, a mean rate
of 40.4% and 37.8%. The results given in Tablesé aidicate that unknown compounds representedta hi
proportion of TTA compared to the six common compisi(G, HGQ and heliocides#tl,) in all genotypes
(Fig. 4).

Establishment of a relationship between the demdipigment glands and the content of TAs in agréats
In order to determine whether the chemical diffeesncorresponded to a change in the number of pigme
glands on the evaluated organs, Pearson correlatigfficients were calculated for several variab&gnificant

positive correlation values were obtained betwéencontent of TTA and the number of pigment glainds
leaves = 0.727,P = 0.08), calycesr(= 0.634,P = 0.027) and bracts € 0.656,P = 0.021).

Table 4. Percentages and concentrations of TA present inditduds

Genotypes a Mean (%) H; H, Hsz | Hy |TTAI (%) | TTA (ng/g)
HGQ | G (sd)

G. hirsutumcv. STAMF |6 |9.9 16.7 |10 17.2 |6.8 |8 68.6 369.8 + 54.7
G. raimondii 3 6.7 65.1 |- - - - 71.8 1622172
G. thurberi 3 0.6 66.6 |- - - - 67.2 2011.8 #132.3
G. sturtianum 3 14.78 3.58 |- - - - 8.28 264 £ 23.3
2(G. hirsutunx G. 2 119 139 |43 |- 8.3 |10.2 |47.3 641.6 + 4.6
sturtianum)
2(G. thurberix G. 2 |31 774 |- - - - 80.5 2041.5 £ 254.2
sturtianum)
2(G. arboreunx G. 4 6.1 25 |156 |3.7 |8 6.9 [42.8 1358+ 7.3
sturtianum)
2(G. australex G. 3 |7 13.3 [37.6 |- - - 54.9 1169.6 + 64.3
davidsoni)
BC,S,/09 5 |6.6 403 |55 6.2 |19 |39 |71 393.4+48.1
BC,/09 1 |09 39.6 |49 |57 |14 |3.8 |56.3 419.7
BC,S,/14 4 |3 405 |31 |31 |15 |1.8 |53 375.2+13.6
BCy/13 3 |38 36 1.8 |35 |24 (3.8 |[51.3 310.1+32.8

a, Number of repetition; -, not detected; TTA, tatantent terpenoid aldehydes; TTAI, total terpenaidehydes indentified; G, gossypol;
HGQ, hemigossypolone;HH,, Hs, Ha, heliocides; sd, standard deviation
% was calculated as a function of TTA

Fig. 3: Chromatogram of G. hirsutum cv. STAM F flower bxtlaet. Legend: HGQ—hemigossypolone;
G—agossypol; heliocides— b H,
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Fig. 4. Chromatogram of G. thurberi leaf extract. Legef@d:—gossypol
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Discussion

A high level of variability was observed for theethical composition and pigment gland density irttz|
organs of the genotypes investigated. Several eatfave highlighted the great qualitative and qjtetite
variation of TA content in different cotton spec{@étman et al. 1990, 1991; Altaf et al. 1999).

In this study, all the interpecific hybrids [2(thurberix G. sturtianum)2(G. arboreumx G. sturtianuny, 2(G.
australex G. davidsoni), and 2G. hirsutumx G. sturtianun)], and the progenies of the HRS hybrid including
the genome, C or G, of the Australian wild diplsjsecies produced seeds with reduced number of golssy
glands and showed a drastic diminution of gossgpetl content compared to their non-Australian paverile
all the vegetative parts of the plants were glandiédich indicates a partial expression of ghendless-seednd
glanded plantrait in all evaluated genotypes. According to th&. Food and Drug Administration (FDA), free
gossypol content of edible cotton products shooldexceed 450 ppm. The United Nation Food and Ajrice
and World Health Organization (FAO/WHO) set maximuatue of 600 ppm (Lusas and Jividin 1987).

Content of TA vary among accessions of the sameiepand also by stage of plant growth, the enviremtal
conditions (Stipanovic et al. 1988; Altman etl#89), and the organ type and size (Hedin et &119The
TTA content we measured for the three diploid sgeaivestigated an@. hirsutumare three- to ten-fold lower
than the data obtained by Altaf et al. (1999) Far $ame species.

Presence of very low content of TTA in the leavethe HRS backcross derivatives was due to an aleseh

the heliocides #H, in their organs that was not compensated by &giif increase in the quantity of unknown
TA compounds. This reduction of the TTA contentwced despite a high density of pigment glandseanés,
notably on BC2S1/09 and BC2S1/14 plants, compardlase observed in the cultivated pa@nhirsutumOn
the contrary, for flower buds of the same genotypesobserved that a high level of gland densitp@tts and
calyces was associated with a relatively high cotraéion of TTA, compared to the cultivated parent.

Altman et al. (1990) obtained a significant redoictin HGQ and heliocides;FH, content in the hybrids
resulting from interspecific crossing betwegdnraimondiiand three cultivars db. hirsutumcompared to the
contents of the same compounds found in the ctd#tivparent. This reduction was associated witharease in
the gland density on the leaves of the hybrids.

The relatively high value of the linear correlaticrefficient calculated between the number of géafiodind on
the leaves and the content of the TTA=(0.725,P = 0.01) considering all the investigated genotypes is
however, not in agreement with this observatioris Tével of correlation indicates a coupling offléiasue TA
content and glandulosity (Lee 1973; McAuslane atitbf 1998).

Pauly (1979) indicates that it is difficult to deténe exactly the function of the alleles contmdlithe glandular
character in the production and/or the storagéeterpenoid, and he stressed that more than oreevess
responsible for the production of some terpenaidimpounds.

Brubaker et al. (1996), in a study on the presefiterpenoids and gossypol glands in seeds of tisralian
species, proposed that the two mechanisms coulitlependent. Benedict et al. (2004) discoveredhaastonal
variant where a decrease in terpenoid productsed and leaf tissues was not associated with &tiedun
number or size of glands.
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In the flower buds the content of TTA was raisedparticular that of the gossypol, compared withsthfound
in the two parental specie& (hirsutumandG. sturtianum of HRS hybrid.

Altman et al. (1990), indicated that the concerdrabf HGQ and heliocides @-H,) were weak in the hybrids
compared to those found @& hirsutumwhereas the content of gossypol was higher in yheids.

This can indicate segregation or a repression fession of various genes controlling the biosysithef the
terpenoids. Expression of two dominant alleles &hd Gls is under the influence of the genetic backgroumd i
which they act. This genetic background acts byaggor or modifying genes. The transfer of allelesveen
species can lead to a breakup of the original sy$#dleles of modifying genes) and result in a ctidun of the
efficiency of the alleles in the genetic backgro@Rduly 1979). The genetic control of thi@andless-seednd
glanded plantrait in Australian wild species such @s sturtianunremains unknown.

The content of TA measured, in this study, wereegalty lower than the literature data. This couddattributed
to the cultivation conditions, the growth stagesafmpling and the specificity of the tested genaypédtaf et al.
(1999) observed a very high variability in leaf TEAntent among sevéd. laxumaccessions cultivated in the
same environment. The results showed the occur@noeknown compounds in a relatively high propamtfor
several genotypes. Some of these unknown compaumdd confer a specific resistance to cotton pasteir
terp-enoic nature has not been established. Thereddditional investigation should be undertakearder to
test this hypothesis. This study demonstratessilattion must be conscientious in order to maxémiz
expression of the TAs in progenies.

Conclusion

Reductions of pigment gland density on the seeddters well as the cottonseed gossypol contentlinintthe
allotetraploid and allohexaploid hybrids involvigg sturtianumandG. australejndicate a partial expression of
the repressive mechanism(s) that control the ggime(slved in pigment gland formation and gossypol
synthesis. The effectiveness of the repression amesim varied depending on the genome that wasciassd
with the Australian species. The seed gossypolecintas much lower for & thurberix G. sturtianun), 2(G.
arboreumx G. sturtianum)nd 2. hirsutumx G. sturtianuny hybrids than for the allotetraploid@(australex
G. davidsoni).

A close coupling between the glandulosity of théogra and its gossypol content was observed for the
investigated genotypes. The same general trendbseved between the pigment gland density in ¢hiala
tissues and the TTA content. Exceptions to thisatation were, however, noted for the backcros&/dgves of
HRS triple hybrid. In these genotypes, a decreasiee TTA content was observed despite the mainenaf a
high number of pigment glands per leaf and flowsd binit area. This observation was in accordante thiose
of others (Altman et al. 1990; Brubaker et al. J9%6indicates that separation between pigmemdjla
morphogenesis and terpenoid synthesis mechanisspagsible in particular situations.

The results obtained in this work show that thel@igtion of Australian wild species such@ssturtianumand
G. australeoffers interesting possibilities for the intrognessof thelow-gossypol seecharacter into cotton
commercial varieties. A cotton plant having thgh glanding(HG) character and expressilogv-gossypol seed
would have economic importance. The studied gemastgxpress a large variability for gland densitieseeds
and in the vegetative parts which can be explditetireeders. Moreover, HPLC analysis reveals qgtyastid
quality diversity of TA present in leaves and flavbeids among different genetic backgrounds whigipetts
the evidence for quantitative control of TA synike3hus, terpenoid introgression for profile shiff possible
but will require careful progeny selection to maidenexpression.
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