Journal of Environment and Earth Science www.iiste.org
ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online) J LN |
Vol. 4, No.5, 2014 IISTE

Categorization and scaling of distinct gossypol céses with respect
to gossypol content in cottonGossypium hirsutum L).
Nausherwan Nobel Nawab (Corresponding author)

Department of Plant Breeding & Genetics, UniversityAgriculture, Faisalabad. Pakistan.
Email: nnnawab24a@gmail.com

Asif Ali Khan.
Professor-Department of Plant Breeding and Genatiosersity of Agriculture, Faisalabad. Pakistan.
E-mail: asifpbg@hotmail.com

Abstract

Gossypols are the pigment glands conferring ragistéo insect pests; distributed on the plant lmmering the
stem, leaf, bract, calyx and carpel walls. The cibje of the present study was to quantify the gpsk
concentration on the unopened bolls of cotton anddvise a quantitative scaling for categorizinfiedent
gossypol classes in different genetic backgrouhdsugh spectrophotometry. There were substantifardinces
among the B P, F, F, BC, and BG generations of the two crosses (HRVO-1 x Acal&Z83&nd HRVO-1 x
HG-142) for total gossypol and total gossypol (%he mean total gossypol content in the glandlesenpa
(Acala 63-74) and its{Fin a cross with the normal glanding parent (HR¥Owas 0.04 mg:§(2%) and 0.140
mg.g* (5%) respectively while in the high glanding parédG-142) and its Fproduced in a cross with the
normal glanding parent it was 1.14 m{.@6%) and 0.88 mg'y(35%) respectively. The mean total gossypol
was estimated as 0.60 mg.¢24%) in the commonly used normal glanding par&nom the data and the
analytical procedure used for the quantificatiomos$sypol clearly highlighted the importance of dipglication
of these chemo-metric tools. This method of quanatifon is accurate and may be used in breedingranos to
screen the progeny of cotton genotypes showingegetjon for gossypol content..
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Introduction

Some plant traits confer resistance/non-preferémebe insect pest infestation. Among them, goslsyare the
pigment glands distributed on the plant body cawgrihe stem, leaf, bract, calyx and carpel wallsese
pigment glands are visible from both leaf surfacgessypol is a phenolic compound, which acts as an
insecticide, repellent and growth retardant (Wilsod Smith, 1976). High gossypol contents had detats
effects on bollworm/spotted bollworms (Duhoon ef 4881; llango and Uthamasamy, 1989. Gossypol$hen
margin of the sepals are the most useful in coimignresistance to bollworm and tobacco budwormrRaet
al., 1983). A high level of gossypol, flavanoldjcsi and low sugar contents in cotton were repottetiave
some role in insect resistance (Singh and Agar®@88; Hedin and Mc Carty, 1990). There was the kiwe
incidence of bollworms in the genotypes with highgasssypol gland density on the ovary (Mohan t1&95).
Density of glands had an influence ételiothis larval growth. Glandless cottons were more sudglepto
bollworms than glanded cottons (Jenkins et al.6)98lost of the cultivated upland cottons are foégossypol
glands on the sepal margins, such phenotypes wérged as normal glanded and those expressinygulss
on the sepal margins were designated as high giai@ihoun et al., 1997).

Studies in quantitative inheritance are generatiydeicted to analyse the effects of groups of gewéag in
concert to produce the character under considerdtids thus of some interest when the number gémelved

in the production of a character can be known thihaihe use of a method (Lee et al., 1967). Mohah €1995)
recorded data on the number of gossypol glandsnperon the abaxial leaf surface in Stoneville rangeanf
9.2, 8.25 to 23.6 in G-67, which also had the hégimmber of gossypol glands per fseed (18.1). Gossypol
gland number of cotyledonary leaves was signifigaaud positively associated with leaf free gossygmmtent
and seed gossypol gland number. Gossypol is apeit@id aldehyde (Fig.1) having a molecular weift$18.6
and melting point of 177-18€. Total gossypol defines gossypol and gossypadvaléves, both free and bound,
which are capable of reacting with 3- amino-1-prapain dimethylformamide solution to form a
diaminopropanol complex, which then reacts witHiaaito form dianilinogossypol. The analytical peocires
used for quantification of gossypol include speggtrmometry and HPLC (Abou-Donia et al., 1981; Stipac

et al., 1988; Hron et al., 1990; Tchatchueng et18192).The spectrophotometric method of quantification was
applied on the decorticated dried seed lot, (Snii#i§8; Lee, 1973) over Cagl(ca. 6%).The kernels were
ground to fine meal and returned to cold storagier/all the seed lots had been processed, thelsamgre
extracted and assayed for total gossypol accorirte standardized spectrophotometric technigegsiting
the formation of a gossypol-aniline complex whiel to over-estimate@sults because of some interferences
(Marquie and Bourrely, 1991But in a study for the validation of spectrophotdmeemethods making use of a
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flow injection-mainfold/spectrophotometric technégproved its reproducibility in comparison to thbey test
methods of conventional types (Vlessidis et al04)0 Sotelo et al. (2005) reported gossypol coniemtaves
and seeds in 10 Malvaceae species by HPLGassypium hirsutum L., the gossypol content in leaves (847.00
mg/100g) and seeds (297 mg/100g) was reported.h&naample, fast and cost effective method foratsmh,
identification and quantification of gossypol, ugipacked micro-tips columns in combination with HPWwas
performed on different parts of the cotton plantipoising of seeds, stems and leaves by Meyer ¢2@04).
The minimum detection limit of gossypol was detared to be 10 ng (absolute gossypol). The newly Idpee
competitive direct enzyme-linked immunosorbent g{sdELISA) technique developed by Wang et al. 00
could be a valuable and feasible alternative fdemeination of “free” gossypol, in the conditionpesially
when the available sample is limited with relatyielw gossypol concentration. The detection liroit §ossypol
was 0.005mu g.mL A good correlation between the cdELISA method #edAOCS official method for “free”
gossypol, analysis of cottonseed meals was alablesdied.

An in-built mechanism of resistance against insésta safe and secure method according to the aféiys
requirements of the emerging era. The objectivihefpresent study was to quantify the gossypol eatnation
and to devise a quantitative scaling for categogaifferent gossypol classes in different genbtickgrounds

in cotton by using spectrophotometry. This techaidgirapid and accurate in breeding programs teescthe
progeny of cotton genotypes showing segregatiqyogsypol content.

Results and Discussion

The procedure of quantification of gossypols acitmydo A.O.C.S., Official method (1989) was applieih
some modifications. For linear calibration of therglard curve, acetone was used which is a motifit¢o the
original protocol, with a view that the decompasitirate of the compound was the lowest in orgaoicesits
like acetone which produced linear array of thecemtrations of the standard. The reason for runtireg
standard was to optimise the instrument at the W&kelength of 440 nm. There existed precision ewalues

of the standard curve (Fig. 2) there after thebeation of the spectrophotometer the calibratiaridies (Table 2)
were remained valid for long time. The second niodifon was the use of glacial acetic acid, whielpkd in
the release of gossypol by rupturing the cell walistecting the gossypol glands. Solutions of déffe
concentrations of the standard were prepared asorladnce was measured at the wavelength of 44@\fier.
the establishment of the standard curves separfielgf two crosses, gossypol content was analysetthe
samples. On the basis of the quantification of goslscontent and total gossypol percentage in tvosses i.e.
HRVO-1 x Acala 63-74 and HRVO-1 x HG-142, signifitalifferences (P< 0.05) among the P,, F;, I, BC;
and BG generations were found (Tables 3 & 4). Similaiyngficant differences between the parental medns o
HRVO-1, Acala 63-74 and HG-142 of the two crossegewalso revealed from the Table 4. In the mean
comparison of Fin these two crosses, the mean pbFthe cross HRVO-1 x HG- 142 was closer to thd mi
parent value.

In the glandless parent (Acala 63-74) anddossypol content of 0.04 mg/1g and 0.140 mg/laplg@ 4) was
recorded respectively. Similarly, the total gossy6) in the parent (Acala 63-74) ang Was recorded as 2%
and 5%, respectively as explained from the Tabl&h& mean gossypol yields from the studies of (1€&3),
who while crossing a direct normal glanding paf(@1tGl.glzgls) to four glandless parents 4gbglsgls), yielded
the gossypol level ranging from 0.068 mg to 0.32pimF, and in the reciprocal arrangement with four normal
glanding parents, the gossypol level ranged frad60 mg to 0.253 mg in;FIn the cross of glandless with four
glandless parents, the gossypol level ranged frd@¥@40mg to 0.014 mg in;FHe termed the gossypol yields
ranging from 0.004 mg to 0.320 mg as glandless.ddanet al. (2004) examined the relationship ofsgps|
content with the bollworm infestation. The rangegotsypol content determined was 20-25 mg/100§{0.25
mg/1g), which was considered low in relation to timn-significant association with bollworm incidencrhe
statistically significant differences between tlzggnts and their;Fn the two crosses justified the distinctness of
three classes (Table 4). But the studies of (Calh@997) categorized two main classes (glandledsnanmal
glanding) in k of the cross of normal glanding and glandlesstamimain classes (normal glanding and high
glanding) in the Fof thecross between the parents of normal glanding agt blanding. His studies were
based on visual observations which were misleadinlye was failed to distinguish between the intdiate and
glandless classes as obtained inoF the cross HRVO-1 x Acala 63-74 and intermedite high glanded
classes in fof HRVO-1 x HG-142. In the present study a largembar of plants with different genetic
backgrounds were analysed for gossypol contentsitawds found that a similar category/class of gps$
glanding showed similar concentration of gossyp@raepeated runs of time. On the basis of suctodeible
results a discrete scale was devised ranging froond0in ascending order of gossypol concentrafing.g®) as
shown in Table 5 and Fig. 3.

The findings of Calhoun (1997) which were basedisnal observation of gossypol glands present ersdpal
margins, but the results of the present studiestifieal the gossypols which clearly distinguishestvizeen the
three classes obtained i Bf the two crosses. From the data and the analypcocedure used for the
quantification of gossypol in this manuscript clgdrighlighted the importance of the applicationtlos chemo-
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metric tool. This method of quantification is acater and can be used in breeding programs to st¢heen
progeny of cotton genotypes showing segregatiogdssypol content.
Materials and methods
Among thirty-one cotton genotypes/accessions, tlueaton genotypes namely HRVO-1 (normal glanding),
Acala 63-74 (glandless) and HG-142 (high glandingje visually selected on the basis of presengmss$ypol
glands on the surface of unopened cotton bolls.stheme of crossing is described in Table 1. Tgesetypes
were selfed for four generations to avoid the effefcout crossing at the Department of Plant Bnegdind
Genetics, University of Agriculture, FaisalabadkiBtn. The parent HRVO-1 was used as a commompare
the hybridisation scheme with a high glanding pa(ei©-142) and a glandless parent Acala 63-74 oadlyce &
seed of two crosses, (HRVO-1 x HG-142 and HRVO-Acala 63-74) during February through March, 2005.
The R and their parents were planted during the normap season of 2005-06 to proddee backcross (BC
and BG) generations. Fresh, Erosses for each of the two combinations were ntladeigh manual crossing.
The experimental field was fertilized with N-P-K thie rate of 100-75-00 kg.halrrigation both by canal and
turbine water was applied to the experimental nitevith the interval of 7-10 days. The six gen&nas of the
two crosses were planted in a Randomised CompletskBDesign arrangement with three replicationsirgle
plot (4.5 x 0.75 m) per replication was assigne@doh of the parents and their respectivevkile, four plots
per replication were assigned to each of the baskers and eight plots per replication were assigmeaise the
F, population of each cross. Five plants were taggedlomly for the parents and theiy, kvhile 50 and 30
plants in each replication were selected jnaRd backcross generations respectively to quatitgygossypol
glands on the surface of the unopened bolls wispectrophotometer (Cecil CE-2021) at 440 nm wawgtlen
according to the protocol of A.O.C.S (1989) durktip6-07.
a) Chemicals
The laboratory grade Isopropyl alcohol (2-propanobhexane (boiling range 68%%9, gossypol acetic acid
(standard), dimethylformamide, 3-amino-1-propaigtdcial acetic acid, 70% aqueous acetone and aniiEgre
purchased from SIGMA suppliers. Complexing reageas prepared with 2mL of 3-amino-1-propanol and 10
mL glacial acetic acid made to 100 mL volume wiimethylformamide. The standard gossypol acetic acid
solution was prepared by dissolving 24 mg of goskytetic acid (powder) in the complexing reagemd a
volume was made to 50 mL with the complexing reag€hus the solution contained 0.48 mg gossypadli@ace
acid per mL. The mg gossypol acetic acid used waltiptied with 0.8962 to obtain mg of gossypol (AMS,
1989).
b) Preparation of standard curve of gossypol acetiacid
From the standard gossypol acetic acid solutiopgre, the aliquots of 1, 2, 4, 6, 8 and 10 mL vaken and a
final volume of 10 mL was made with the complexiieggent. Pure complexing reagent (10 mL) was used a
blank. Separate flasks containing a total volum&®MmL made for each of the aliquots and blanktgmuvere
heated in a water bath (95-£a) for 30 minutes, cooled to room temperature, finally diluted to a total
volume of 50 mL with isopropyl alcohol-hexane smntand mixed well. These aliquots of standard gosis
acetic acid and blank were stored as stock soliothe refrigerator2 mL volume of each of these aliquots of
the standard and blank were taken in duplicate sSefmarate volumetric flasks of volume 25 nilne set of the
standard aliquots and the reagent blank were dilthemake the final volume of 25 mL with the isopyb
alcohol-hexane solution and reserved as refereokgians for absorbance measuremegtsnL aniline was
added to the other set of standard aliquots ancbldek, heated in a water bath (95-40pfor 30 minutes,
cooled to room temperature, finally diluted up b® tvolume of 25 mL with the isopropyl alcohol-hegan
solution and mixed well. Allowed to cool down forhbur at room temperature before determining alzsar.
The optical density (OD) of reagent blank and ttendard aliquots was determined on a spectrophdéorag
440 nm wavelength absorption. The OD value of readdank was subtracted from the OD value of each
standard to obtain the corrected value.

Corrected absorbance= OD of each standard — OD of reagent blank
Calibration factor was determined by dividing mgsypol in standards by corrected OD of the eactdsta to
obtain calibration factors. Average of the factoas determined for each of the standards and wseadulate
mg gossypol in sample aliquots (Table 2).

Factor = mg gossypol in standard
Corrected OD

c) Sample gossypol extraction method

Sample weight and aliquot used for aniline reactiepends on expected total gossypol content. kdjethié
analytical sample should contain 0.5-5.0 mg of gpsk and the aliquot for the aniline reaction a0l mg
gossypol. Before the sample preparation the unapeaton boll was washed with water. The outerasefof
the bolls containing the gossypol glands was peeféé@nd weighed on a digital balance. About 1 sl
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obtained was crushed in a mortal and pestle usiegdoop of glacial acetic acid and one drop of 7&géeous
acetone. The crushed sample was transferred it¢staube and 1 mL of the complexing reagent wakead
whereas, reagent blank consisted of 1 mL of conipdereagent. Sample and reagent blank were heated i
water bath (95-10{C) for 30 minutes, cooled to room temperature ahded to 4 mL volume with isopropyl
alcohol-hexane mixture and shook well. Sample ektnas filtered through 11 cm medium retention pap®
a test tube, discarding first 1 mL of filtrate. Twil duplicate aliquots of sample and blank weretainto test
tubes. One set of the sample and blank aliquotsdiated to 10.5 mL volume with the isopropyl alobh
hexane mixture and reserved as reference solufisrebsorbance measurement. One mL aniline wasdaiidde
the other set of sample and blank aliquots, heatedater bath (95-10€) for 30 minutes, cooled to room
temperature, diluted with volume of 9.5 mL of isopyl alcohol-hexane solution and mixed well, aridwaéd to
stand for 1 hour at room temperature before detengiabsorbanceéDptical density (OD) of the reagent blank
reacted with aniline was determined using blantuait without aniline as reference solution. The @iDeagent
blank was taken off from the OD of each standardhtain the corrected absorban@&e OD of the sample
aliquots reacted with aniline was determined uslilgted sample aliquot without aniline as referesotution.
The OD of reagent blank was subtracted from the @®bhe sample aliquot reacted with aniline to afbtai
corrected absorbance.

Corrected absorbance = OD of sample aliquot — OD of reagenhkla

From the corrected absorbance gossypol (mg) in Eaaliguot were determined by multiplying OD witlther
the mean calibration factor, or reference to catibn graph.
Total gossypol % was calculated by the formula (£@G, 1989).

Total gossypol %= 5xG
W x V
Where,
G = mg gossypol in sample aliquot.
W = weight of sample in grams.
V = volume of sample aliquot used for analysis.

Statistical Analyses

The data were analysed using analysis of variaexenique (Steel et al., 1996) using MSTATC (198&sion
1.5. A generation means analysis was performedviitlg the method described by (Mather and Jink8§2)19
using a computer program. Means and variancesabf papulation (parents, backcrosses&H-,) used in the
analysis were calculated from individual plants lpdaover replications.

Safety

Isopropyl alcohol and n-hexane are flammable sab/erhey should not be used near an open flameuSaef
a properly operating fume hood is recommended whging these solvents. Hexane vapour causes lung
irritation and produces neurotoxic effects. Anilirean allergin and is toxic if absorbed througle #kin.
Protective clothing and a properly operating fumedshould be used when using aniline. Dimethylfomide
is a strong irritant to skin and tissue. It is ki skin absorption. It is a moderate fire riskarino-1-propanol
(propanolamine) is a tissue irritant. Avoid breathivapours and contact with the skin. Glacial acatid is
moderately toxic by ingestion and inhalation. Isigong irritant to skin and tissue.

Conclusions

The work presented here has an impact, as theeeatlidies defined the genetics of gossypols onavis
observation. But the results of the present stuegrly elaborated the segregating classes;ily making use
of the application of the analytical procedure fioe quantification of gossypol, which is accuratel @an be
used in breeding programmes to screen the genogymmsing segregation and further scaling of theoggres
for gossypol content which will in turn help in s&fying genotypes on the basis of gossypol glafilds.genetic
studies pertaining to the inheritance of gossymalisbe further helpful in regulating gossypol gthdensity on
the plant body as well as on the seeds.
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Table 1: Scheme of crossing

S. No. CROSS TRAIT CONSIDERED
1 HRVO-1 xAcala 63-74 Normal glanding x Glandless
2 HRVO-1 x HG-142 Normal glandirg High glanding

Table 2: Computation of the standard aliquots for he development of standard curve in HRVO-1 x
Acala 63-74 (Normal x glandless) & HRVO-1 x HG-142Normal x High glanding)

Conc. Gossypol in (mg) of gossypol = OD Reading (A) Corrected Absorbance = Calibration factor
of stock gossypol gossypol acetic acid (A-B)
Solution  acetic acid in (mg) x 0.8962
standard HRVO-1  HRVO-1  HRVO-1 HRVO-1 HRVO-  HRVO-1
solutions % % % % 1 %
(mg) Acala HG-142  Acala HG-142 x HG-142
63-74 63-74 Acala
6374
ImL 0.048 0.043 0.132 0.107 0.13 0.087 0.3308 R494
2mL 0.096 0.086 0.188 0.17 0.19 0.15 0.4600 0.5733
4mL 0.192 0.172 0.239 0.24 0.237 0.22 0.7257 0.7818
6mL 0.280 0.251 0.292 0.31 0.29 0.29 0.8655 0.8655
8mL 0.380 0.341 0.363 04 0.361 0.38 0.9446 0.8974
10mL 0.480 0.430 0.418 0.49 0.42 0.47 1.0300 0.9149
Blank OD reading = Zero Mean 0.7261 0.7545
(HRVO-1 x Acala 63-74) Blank OD reading (A) — (Blak Aniline treated “B”) = 0.002
(HRVO-1 x HG-142) Blank OD reading (A) — (Blank Aniine treated “B") = 0.02

Table 3: Mean squares from analysis of variance fogossypol content and gossypol percentage for
six generations

Gossypol content Gossypol percentage |
HRVO- HRVO- HRVO- HRVO-
s 1 1 1 1
ource DF
X X X X
Acala HG- Acala 63-74 HG-
63-74 142 142
Replication 2 0.000 0.000 0.000 0.000
Genotypes 5 0.020** 0.018*

0.126** 0.109**
** Highly significant
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Table 4: Generation means for gossypol content (mgy and gossypol percentage in two single crosses

HRVO-1 x HG-142 HRVO-1 x Acala 63-74
Generation Gossypol Gossypol Generation Gossypol Gossypol
content percentage content percentage
(Mean) (Mean) (Mean) (Mean)
P; (HRVO-1) 0.60 0.240 P; (HRVO-1) 0.590 0.233
P, (HG-142) 1.14 0.455 P, (Acala 63-74) 0.040 0.020
Fi 0.88 0.351 Fi 0.140 0.050
Fa 0.88 0.351 F» 0.200 0.081
BC, 0.74 0.295 BC, 0.373 0.149
BC, 1.03 0.411 BC, 0.11 0.041
LSD (0.05) 0.018 0.018 LSD (0.05) 0.057 0.018

Table 5: Categorization and scaling of distinct gas/pol classes with respect to gossypol content.

S.No. Class/Category Gossypol range Scale
(mg/g)
1 Glandless 0.00-0.09 0
2 Intermediate glandless 0.10-0.29 1
3 Normal glanding 0.30-0.69 2
4 Intermediate glanding 0.70-0.99 3
5 High glanding 1.00 & above 4
D D
e e
CI  OH OH CZ
H H
HC OH
H"H _ﬂ_,.f’
o T
HO CHy  HC OH
H
Ha G ™ Hae
3 CH, c CH,

Fig. 1. Chemical structure of gossypol
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Fig. 2 Optical density versus Gossypol contents (rfg)
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Fig. 3: Pictorial view of gossypol classes and scal
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