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Abstract. The contents of  indole-3-acetic acid (IAA), 
gibberellins (GAs), abscisic acid (ABA), and cytokinins 
were determined in ovules of  normal cotton (Tm-1) and 
a kind of  fiber differentiation mutant (Xin) before and 
after flowering by enzyme-linked immunosorbent as- 
says. It was found that 24 h before flowering, a peak of  
IAA content was observed in ovules of Tm- 1, whereas in 
ovules of  Xin, a low level of  IAA was determined. From 
-1  day (1 day before flowering) to +3 days (3 days after 
flowering), GAI+ 3 levels in ovules of  Xin were 40-70% 
lower than those of  Tm-1; GA4+ 7 levels were very low, 
and there was no visible difference in GA4+ 7 content 
between normal and mutant cotton. The ABA content in 
ovule of  Tm-1 decreased by 70% 3 days after flowering, 
whereas that of Xin only decreased by 20%. The levels 
of cytokinins in ovules of  Tm-1 decreased after flower- 
ing, and those of  Xin kept up a steady increase. 
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The cotton fiber is a single epidermal cell that begins to 
elongate from the ovule surface at anthesis (Beasley 
1973). A number of  research studies have focused on the 
effects of  exogenous plant hormones on fiber develop- 
ment, since both fertilized and unfertilized cotton ovules 
could be successfully cultured in vitro (Beasley 1971, 
1973, Beasley and Ting 1973, 1974). It has been found 

Abbrevations:  IAA, indole-3-acetic acid; GA, gibberellin; ABA, ab- 
scisic acid; ELISA, enzyme-linked immunosorbent assay; FW, fresh 
weight; PBS, phosphate-buffered saline; iPA, isopentenyladenosine; 
ZR, zeatin riboside; DHZR, dihydrozeatin riboside; CTK, cytokinin. 
*Author for correspondence. 

that exogenously applied indole-3-acetic acid (IAA) and 
gibberellic (GA3) could enhance the differentiation of  
fiber and promote its elongation, whereas abscisic acid 
(ABA) and cytokinins inhibited the fiber growth (Beas- 
ley and Ting 1973, 1974; Chen et al. 1988; Shen et al. 
1978; Wang et al. 1985; Zhang 1982; Zheng and Xu 
1982). By comparison, less is known about the endog- 
enous levels of plant hormones in ovules during fiber 
development. The fiber differentiation mutant, without 
any lints and fuzz, may provide an approach for eluci- 
dating the role of  plant hormones in fiber growth and 
development. Thus, the contents of  endogenous hor- 
mones in ovules of normal and mutant cotton were de- 
termined and compared, and their relation to fiber devel- 
opment is discussed. 

Materials and Methods 

Plants 

Cotton (Gossypium hirsutum L.) ovules in normal (Tm-1) and mutant 
(Xin) plants were collected 3 days and 1 day before flowering, and 0, 
1, 3, 5, and 8 days after flowering. Fresh samples (200-1,000 mg) were 
weighed and then placed into liquid nitrogen and kept at -20~ until 
extraction for hormone analysis. 

Extraction and Measurement of Plant Hormones 
by ELISAs 

Extraction and purification of plant hormones prior to immunoassay 
have been described previously (Weiler 1986; Zhang et al. 1995; Zheng 
and Zhou 1995). The main steps are: extraction of homogenized 
samples in cold 80% (v/v) aqueous methanol at a rate of 5 ml/g FW 
overnight at 4~ with butylated hydroxytoluene (10 mg/liter) to prevent 
oxidation. The supematant was collected after centrifugation at 10,000 
• g (4~ for 20 min. Then the crude extract was passed through a C18 
Sep-Pak cartridge (Waters, Milford, MA). The effiux was collected, 
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Fig. 1. Changes in endogenous GA levels in the ovules of normal (Tm-1) and mutant cotton (Xin) during flowering. Shown are the averages + S.E. 
of three replicates. Days before and after flowering are shown as negative and positive numbers, respectively. 

and 400 p,L of it was taken out and dried with a stream of N2; the 
residue was dissolved in 400 p,L of PBS (0.01 N, pH 7.4) to subject to 
iPA, ZR, and DHZR ELISAs, respectively. Another 600 ixL aliquot of 
the filtrate was taken and dried with a steam of N 2, and the residue was 
dissolved in 200 p,L of PBS (0.01 N, pH 9.2), adjusted to pH 8.5, then 
partitioned three times with an equal volume of ethyl acetate. The 
remaining water phase was adjusted to pH 2.5 and extracted three times 
with an equal volume of ethyl acetate again. The extracts (ethyl acetate 
phase) were pooled and dried with a gentle stream of N2; the residue 
was either redissolved in 200 ixL of PBS (0.01 M, pH 7.4) to subject to 
GAz+ 3 ELISA or redissolved in 200 ixL of 100% methanol for meth- 
ylation with ethereal diazomethane and taken up with 400 ixL of PBS 
for GA4+7, IAA, and ABA ELISAs, respectively. 

The procedures of direct ELISA measurement based on monoclonal 
antibodies that showed highly specific immunoreactivity with GAI+3, 
GA4§ and ABA, respectively, have been described by Zheng and 
Zhou (1995), Zheng et al. (1995), and Zhou et at. (1996). 

Indirect ELISA measurements using polyclonal antibodies against 
IAA, iPAs, ZRs, and DHZRs, respectively, have been described by 
Zhang et al. (1990), Chen et al. (1992), Chen and Zhou (1996), and 
Wang et at. (1994). 

Both direct and indirect ELISAs were performed with microtitration 
plates (Nunc). Each hormone was determined three times on the same 
extract, and all samples were assayed in triplicate. The S.E. was cal- 
culated. 

R e s u l t s  

Changes of Endogenous GA Levels in Cotton Ovules 
During Flowering 

Fluctuat ion patterns of  GAI+ 3 levels  in ovules  o f  normal  
and mutant  cot ton are shown in Fig. 1. The  content  o f  
GAI+ 3 in the ovules  o f  normal  cot ton was about  0 .6-18 .0  
nmol /g  FW,  and the highest  content  of  GAI+ 3 was ob- 

served 1 day after f lower ing  (+1 day). However ,  the 

content  o f  GAI+ 3 in the mutant  (Xin) was 4 0 - 7 0 %  lower  
than that in normal  (Tm-1)  f rom - 1  day (1 day before  

f lower ing)  to +3 days (3 days after f lowering) ,  and the 
peak of  GAt+  3 content  was observed  at +5 days, which 
was 60 nmol /g  FW. On  the other  hand, when  f lowering,  

the GAt+  3 content  in ovules  increased by 135% in Tm-1 

and 120% in Xin  within 24 h. Af te r  f lowering,  the GAI+ 3 
content  increased by 107% within  24 h and kept  up a 

high level  in Tm-1;  in ovules  o f  Xin,  an obvious  decrease  

in GAI+ 3 content  was observed  at +8 days. 

The  contents  o f  GA4+ 7 in ovules  o f  normal  and mutant  
cot ton were  de termined  at a similar  level ,  and they were  
re la t ively low compared  with  that o f  GAl+  3, with the 
highest  being about  1.0 nmol /g  F W  in Tm-1 and 1.6 

nmol /g  F W  in Xin  (Fig. 1). The  peaks of  GA4+ 7 levels  in 
ovules  o f  Tm-1 were  observed  at +1 and 5 days, whereas  

those of  Xin  were  observed  at 0 and +3 days,  respec- 

t ively.  

Changes of Endogenous IAA Level in Cotton Ovules 
during Flowering 

Twenty - four  h before  f lowering,  the content  o f  I A A  in 
the ovules  of  normal  cot ton was about  e ightfold h igher  
than that at 0 days, whereas  I A A  in mutant  cot ton was 
determined to be at a low level  (Fig. 2). Then,  the I A A  
content  decreased gradual ly  until +5 days in Tm-  1. H o w -  
ever,  f rom - 3  to +3 days, the f luctuat ion pattern o f  the 
I A A  level  in the ovules  of  Xin was jus t  opposi te  that o f  

Tm-1.  
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Fig. 2. Changes in endogenous IAA levels in the ovules of normal 
(Tm-1) and mutant cotton (Xin) during flowering. Shown are the av- 
erages + S.E. of three replicates. Days before and after flowering are 
shown as negative and positive numbers, respectively. 
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Fig. 3. Changes in endogenous ABA levels in the ovules of normal 
(Tm-1) and mutant coUon (Xin) during flowering. Shown are the av- 
erages + S.E. of three replicates. Days before and after flowering are 
shown as negative and positive numbers, respectively. 

Changes of Endogenous ABA Level in Cotton Ovules 
during Flowering 

The content of ABA in the ovules of normal and mutant 
cotton was determined at a similar level with the highest 
being 10 and 7.8 nmol/g FW, respectively (Fig. 3). The 
fluctuation patterns of ABA levels in the ovules of nor- 
mal and mutant cotton were almost similar except that 
the peak of ABA content was observed at +1 day in 
Tm-1, whereas that of Xin was observed at 0 days. How- 
ever, the ABA content in the ovule of Tm-1 decreased by 
more than 70% 3 days after flowering, whereas that of 
Xin only decreased by 20%. 

Changes of Endogenous CTK Levels in Cotton Ovules 
during Flowering 

CTKs were the most abundant among the measured hor- 
mones, especially in the ovules of mutant cotton (Fig. 4), 
and the ZR levels were relatively low compared with 
those of iPA and DHZR, both in normal and in mutant 
cotton. The fluctuation patterns of iPA levels in the 
ovules of normal and mutant cotton were very different. 
The peak of iPA content was observed at -1 day in 
Tm-1, then it decreased by almost 95% when flowering 
and decreased by 90% 24 h after flowering. Eight days 
after flowering it decreased to 0.2 nmol/g FW. However, 
in the mutant the iPA content increased from -3  to +8 
days. It increased almost 10- and 15-fold within 48 h at 
+3 and +5 days, respectively. 

The change of ZR levels in ovules of mutant cotton 

was similar to that of iPA, whereas in Tm-1 no obvious 
change was observed, with the range of ZR content being 
1.8 to 3.7 nmol/g FW before +8 days. 

The change of DHZR levels in the ovules of mutant 
cotton was also similar to that of iPA except that a sig- 
nificant increase was observed at +1 day, when it in- 
creased more than 12-fold within 24 h. In Tm-1 the 
DHZR content increased 6.5-fold within 24 h before 
flowering, and the peak that was observed 1 day after 
flowering was 33 nmol/g FW. Then, it decreased by 85% 
within 48 h, and it was only 1.0 nmol/g FW at +8 days. 

Discussion 

It is known that the initiation of fiber starts before flow- 
ering and fertilization and that fibers elongate during 
anthesis (Beasley 1973; Stewart 1975). Therefore, the 
measurement of endogenous levels of hormones before 
fertilization was considered important for probing the 
process of fiber initiation. We do not know yet exactly 
which regulators control fiber initiation. In vitro, IAA 
could promote fiber production compared with GA in 
unfertilized ovules, whereas with fertilized ovules, exog- 
enously applied IAA only showed a weak effect (Beasley 
and Ting 1973, 1974; Chen et al. 1988; Shen et al. 1978; 
Zhang 1982), indicating that a high IAA level before 
fertilization is more crucial. In this study, 24 h before 
flowering a peak of IAA content in the ovules of Tm-1 is 
observed, whereas IAA is determined to be at a low level 
in the ovules of Xin, suggesting that a high level of IAA 
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s h o w n  as n e g a t i v e  and p o s i t i v e  n u m b e r s ,  r e s p e c t i v e l y .  

in ovules just before flowering may function as a kind of 
stimulus for the initiation of fiber. 

Since the content of  GA4+ 7 is very low compared with 
that of GAI+3, and there is no visible difference in the 
GA4+ 7 content between mutant and normal cotton, 13- 
nonhydroxy GAs are not the main GAs involved in fiber 
elongation. Because GAt+ 3 maintains a high level in 
Tm-1 after flowering while the GAI+ 3 content decreases 
obviously from +5 days in Xin, it may provide for the 
following fiber elongation. IAA may associate with GAs 
to stimulate the growth of the fiber cell, just like its effect 
on elongation of other kinds of cells (Bergfeld et al. 
1988; Sakoda et al. 1992; Shibaoka 1991, 1994; Zando- 
meni and Schopter 1993), since at the elongation stage (5 
days after flowering), a trend of increase in its content is 
found. In vitro we found that IAA could induce a marked 
stimulation of fiber production from cotton ovules; and 
when IAA and GA 3 were applied simultaneously, the 
total fiber units recorded showed the effects to be addi- 
tive (data not shown). 

Interestingly, DHZRs (DHZ and DHZR) in ovules are 
determined at a higher level than ZRs, which is just 
opposite the result in other organs or tissues of other 
species (Zhang et al. 1994; Chen et al. 1996; Wang et al. 
1994). On the other hand, the difference of iPA and 
DHZR content in the ovules of  normal and mutant cotton 
is somewhat similar, and extremely high levels in the 
ovules of  mutant cotton have been determined. These 
results indicate that the high content of  CTKs may be the 
main factor that inhibits fiber elongation in the mutant, 
since the high concentration of CTKs could inhibit fiber 
production (Beasley 1973; Beasley and Ting 1973, 1974; 
Chen et al. 1988; Zhang 1982) in both fertilized and 
unfertilized ovules in vitro. 

In vitro, ABA reduced the capacity of the ovule to 
produce fibers in the presence of IAA or GA 3 (Beasley 
and Ting 1974). A low level of  endogenous ABA seems 
to be essential for fiber growth. It is found that at the 
fiber elongation stage, the ABA level decreases gradu- 
ally in normal cotton ovules. The decrease in the ABA 
content in the ovules of mutant cotton is also observed, 
but such a decrease is slow. 

Based on above results of  endogenous hormone and 
the previous exogenous hormones we discussed, we sug- 
gest that a high level of IAA before flowering may ini- 
tiate the fiber production, and 13-hydroxy-GAs may pro- 
vide for the fiber elongation, whereas high contents of 
ABA and cytokinins inhibit its growth. 

Acknowledgments. This work was financially supported by a grant from 
National Natural Science Foundation of The People's Republic of 
China. 

R e f e r e n c e s  

Beasley CA (1971) In vitro culture of fertilized cotton ovules�9 Bio- 
science 21:906-907 



Hormones in Cotton Ovules 177 

Beasley CA (1973) Hormonal regulation of growth in unfertilized cot- 
ton ovules. Science 179:1003-1005 

Beasley CA, Ting IP (1973) The effects of plant growth substances on 
in vitro fiber development from fertilized cotton ovules. Am J 
Bot 60:130-139 

Beasley CA, Ting IP (1974) Effects of plant growth substances on in 
vitro fiber development from unfertilized cotton ovules. Am J 
Bot 61:188-194 

Bergfeld R, Speth V, Schoffer P (1988) Reorientation of microfibrils 
and microtubules at the outer epidermal wall of maize coleop- 
tiles during auxin-induced growth. Bot Acta 101:57457 

Chen JG, Zhou X, Zhang YZ (1996) Different response of millet mu- 
tants to GA 3 and their endogenous hormones analysis. J Nan- 
jing Agric Univ 19:6-11 

Chen YF, Zhang XJ, Zhou X (1992) Indirect enzyme-linked immuno- 
sorbent assay for dihydrozeatinriboside-group cytokinins. J 
Nanjing Agric Univ 15:122-126 

Chen YF, Zhou X (1996) Rapid enzyme-linked immunosorbent assay 
for isopentenyladenosine group cytokinins. Acta Agric Boreali- 
Sinica 11:97-102 

Chen YN, Shen CY, Zhang ZL, Yan JQ (1988) Study on the fiber 
development of cotton ovules. Acta Biol Exp Sinica 21:417- 
421 

Sakoda M, Hasegawa K, Ishizuka K (1992) Mode of action of natural 
growth inhibitors in radish hypocotyl elongation: Influence of 
raphanusanin on auxin-mediated microtubule orientation. Phys- 
iol Plant 84:509-513 

Shen TY, Chang SC, Yhn CC (1978) The growth of fibers on excised 
cotton ovules and the formation of seedlings. Acta Phytophysiol 
Sinica 4:183-187 

Shibaoka H (1991) Microtubules and the regulation of cell morpho- 
genesis by plant hormones. In: Lloyd CW (ed) The cytoskeletal 
basis of plant growth and form. Academic Press, New York, pp 
159-168 

Shibaoka H (1994) Plant hormone-induced changes in the orientation 
of cortical microtubules: Alternations in the cross-linking be- 
tween microtubules and the plasma membrane. Annu Rev Plant 
Physiol Plant Mol Biol 45:527-544 

Stewart JM (1975) Fiber initiation on the cotton ovule (Gossypium 
hirsutum). Am J Bot 62:723-730 

Wang SP, Shen ZY, Zhang ZL (1985) A study of elongation of the 
cotton fiber cell. Acta Phytophysiol Sinica 11:409-417 

Wang YY, Zhou R, Zhou X (1994) Endogenous levels of ABA and 
cytokinins and their relation to stomatal behavior in dayflower 
(Commelina communis L.). J Plant Physiol 144:45-48 

Weiler EW (1986) Plant hormone immunoassay based on monoclonal 
and polyclonal antibodies. In: Linskens HF, Jackson JF (eds) 
Immunology in plant sciences. Springer-Verlag, New York, pp 
1-17 

Zandomeni K, Schopter P (1993) Reorientation of microtubules at the 
outer epidermal wall of maize coleoptils by phytochrome, blue- 
light photoreceptor, and auxin. Protoplasma 173:103-112 

Zhang NG, Yong JWH, Hew CS, Zhou X (1995) The production of 
cytokinins, abscisic acid, and auxin by CAM orchid aerial roots. 
J Plant Physiol 147:371-377 

Zhang NG, Zhou X, Wu SR (1990) Development of indirect enzyme- 
linked immunosorbent assay for indoleacetic acid. J Nanjing 
Agric Univ 13:116-119 

Zhang SZ (1982) Advances in cotton fiber cell development. Plant 
Physiol Commun 6:1-7 

Zhang X J, Chen JG, Zhou X (1994) An analysis of hormone-balance to 
effects of PP333: Dwarfing and delaying senescence of leaves in 
wheat seedlings. J Nanjing Agric Univ 17:53-59 

Zheng ZF, Zhou X (1995) A monoclonal antibody recognizing non- 
derivative 13-hydroxy gibberellins and their glucosides. Acta 
Bot Sinica 37:761-769 

Zheng ZF, Zhou X, Chen JG (1995) Preparation of monoclonal anti- 
bodies specific for methyl esters of gibberellins m 7 and A 4. 
Chin J Biotech 11:310-314 

Zheng ZR, Xu DW (1982) The role of plant hormone in the reproduc- 
tive growth of cotton plant. Sci Agric Sinica 5:40--47 

Zhou X, Zheng ZF, Chen PY, Zhang D (1996) Preparation and appli- 
cation of monoclonal antibodies specific for abscisic acid meth- 
yl ester. Acta Phytophysiol Sinica 22:284-290 


