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C H A P T E R I 

HISTORICAL REVIEW AND INTRODUCTION 

The use of radioactively labeled compounds in Gossypium 

hirsutum has mainly been concerned with fiber development. 

O'Kelley (1952) found that l^CO^ was metabolized equally 

into all parts of the primary cell wall and from autoradio-

graphic evidence, he concluded that cellulose synthesis took 

place along the entire length of the fiber and not just at 

the tip. In 1965, Barber and Hassid, working wit.h --̂ C 

labeled guanosine diphosphate D-glucose, found that enzyme 

extracts from young cotton ovules and fibers could catalyze 

the labeled material into glucan. Delmer et al. (1974) 

found that •'•''̂C labeled guanosine diphosphate D-glucose was 

incorporated into cotton fibers during the period of primary 

cell wall synthesis. They also found increased uptake of 

l^C labeled uridine diphosphate D-glucose into glucolipid 

produCts of the cotton fiber during the period of secondary 

cell wall synthesis. They concluded that guanosine diphos-

phate D-glucose served as a precursor of glucolipid products 

which Forsee and Elbein (1972) thought were intermediates in 

cell wall synthesis. 

Riffer and Broido, (1974) intr.oduced •'•^C-D-glucose into 

the pedicels of cotton bolls and found that the resu ting 

autoradiograms showed asymmetric labeling in the fibers. 
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They concluded that only limited lateral movement of the 

labeled sugar occurred in the vascular system of the pedicel 

that nourished the enclosed ovules. 

The ability to grow cotton ovules in culture (Beasley, 

1973; Beasley and Ting, 1973) made it feasible to study the 

developing ovule, including fiber development, without 

experimental complications from the ovary of any other plant 

part. In the present study, radioisotopes were added to the 

culture media and their cellular incorporation, as deter-

mined by autoradiography, was correlated with ovule and 

fiber development. Specifically, DNA synthesis, RNA synthe-

sis, protein synthesis, and cell wall synthesis were 

examined from 12 days before fiber elongation began until 

33 days after fiber elongation was initiated. 



CHAPTER II 

MATERIALS AND METHODS 

Chemicals 

(Methyl-3H)-thymidine (specific activity 1.9 c/mmole); 

(5-3H)-uridine (S.A. 27.2 c/mmole); L-(^H)-lysine (S.A. 

7.0 c/mmole) ; L-(4 ,5-^H)-leucine (S.A. 15.0 c/mmole); 

2-(3H)-glycine (S.A. 1.8 c/mmole); and L-(3,4-^H)-glutamic 

acid (S.A. 25.0 c/mmole) were obtained from Schwarz/Mann 

Bioresearch Co. The L-3-phenylalanine-(ring-4-^H) (S.A. 

18 c/mmole) and L-3-phenylalanine-(2,3-^H) (S.A. 27.2 

c/mmole) were obtained from the Amersham/Searle Corp. ' The 

D-glucose-1- H (S.A. 3.46 c/mmole) was obtained from New 

England Nuclear Corp. All compounds were checked for purity 

by the manufacturer by paper chromatography prior to use. 

Culture Condi tions 

Ovaries of the species Gossypium hirsutum L. (Delta 

Pine 16) were field grown at the Texas A & M Agricultural 

Experimental Station #8 at Lubbock, Texas. Flowers to be 

used for ovule collection were tagged on the day of anthesis 

and allowed to continue to grow. The age of preanthesis 

floral buds was estimated by the method of McClelland and 

Neely (1931). To increase uniformity, flowers and buds were 

tagged near the center of the plant and only plants nsar the 

centers of rows consisting of continuous plants were used. 

3 
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The bolls were harvested at various tlmes before and after 

anthesis and transported to the laboratory in noistened 

containers. The ovu es were excised and immediately pre-

incubated in the culture medium of Beasley and Ting (1973). 

Ovules were cultured in darkness at a constant temperature 

of 32 C. Ovules from, the ages of 12 days preanthesis to 6 

days postanthesis were cultured in spot plates containing 

1 ml of previously autoclaved culture media. Ovules ranging 

in age from 18 to 33 days postanthesis were cultured in 

plastic embedding boats containing 2 ml of culture media. 

The ovules were removed and placed in a 1:1 solution of 

isotope and media and continuously incubated for times of 

15, 30, and 60 minutes and 12 hours. The six isotope solu-

tions consisted of tritiated thymidine, uridine, phenylala-

nine chain label, phenylalanine ring label, glucose, and a 

mixture of four amino acids-lysine, leucine, glycine, and 

glutamic acid. The final concentration of the isotopes cor-

rected for decay was as follows: thymidine, 18 microCuries/ 

ml; uridine, 18 microCuries/ml; phenylalanine chain label, 

18 microCuries/ml; phenylalanine ring label, 9 microCuries/ 

ml; glycine, 27 microCuries/ml; lysine, 8 microCuries/ml; 

leucine, 7 microCuries/ml; glutamic acid, 8 microCuries/ml; 

and glucose, 27 microCuries/ml. The incubation medium was 

identical to that of the preincubation step. The ovules 

were post-incubated for 15 minutes in culture medium under 

identical conditions as those of the previous two steps. 



This post-incubation was followed by a 15 minute wash in 

cu ture containers containing distilled water. Ovules 1 day 

postanthesis and older were washed with 5 ml of distilled 

water dispensed into a Buchner funnel under vacuum. At no 

time during the culture or wash steps was any ovule used 

that failed to float on the surface of the fluid (Beasley 

and Ting, 1973). Following washings, the tissue was immedi-

ately fixed for 6-12 hours in a cold (4°C) solution of 3.3% 

glutaraldehyde in 0.1 M cacodylate buffer at pH 7.2 

(Sabatini et al,, 1963). 

Preparation for Autoradiography 

After fixation, the ovules were dehydrated through an 

alcohol series, placed in propylene oxide, and embedded in 

Epon (Luft, 1961). The tissue blocks were polymerized for 

48 hours and sectioned at the mid-chalazal area of the 

ovule. Two micron thick sections were cut by use of glass 

and diamond knives on a Reichert Om U-2 ultramicrotome. 

Sections were dried on glass slides at 50°C. washed in dis-

tilled water, blotted dry, and prepared for autoradiography 

by dipping (Gude, 1968) in Kodak NTB-3 emulsion diluted 1:1 

with a 0.1% aqueous solution of Dreft. Another set of 

slides consisting of sections in series with the dipped 

slides was stained with an aqueous solution of Azure 

B-Methylene Blue (Richardson et al., 1960) for 30-75 seconds 

at 38°C. The dipped slides were exposed for a period of 4-6 

weeks at 4°C and developed in Microdol X for 3h minutes. 

itWMÉ«Tm-tiTr-<iawiniimfi>i"''ir Trii 



6 

The slides were mounted in Histoclad and observed on a 

Reichert Zetopan Research micrcscope fitted with differen-

tial interference contrast equipment. 

Control tissue was fixed in 3.3% glutaraldehyde for 15 

minutes prior to pre-incubation in the culture medium. The 

coiitrol tissue was compared to its experimental analogue to 

determine uptake. For an emulsion control, blank slides 

were dipped and processed photographically to determine 

background level and the spacing uniformity of the silver 

halide crystals. 

For thymidine localization, a quantitative study was 

attempted by counting the number of silver grains over the 

nucleus (Pelc, 1957). A cluster of 5 or more silver grains 

over the nucleus of a cell at any incubation time consti-

tuted a labeled cell. In case of question of interpretation 

due to chemography, serial sections of the same tissue block 

were observed for similar patterns of occurrence of silver 

grains over the same cell or cell area. 



I 
CHAPTER III 

RESULTS 

Thymidine 

Cells in the S phase of the cell cycle are synthesizing 

DNA and are distinguished autoradiographically by the incor-

poration of ^H thymidine into nuclear DNA (Van't Hof, 1973). 

Tritiated thymidine was incorporated at all four incubation 

times. Labeled nuclei were observed from the earliest day 

tested (12 days preanthesis) to 6 days postanthesis (Figs. 

1, 2, and 3 ) . 

Epidermis 

Concerning the percentage of labeled cells, the 15 and 

30 minute incubation times produced similar results. 

Although a quantitative study of the number of individual 

silver grains was not attempted, longer incubation times 

generally produced a greater number of silver grains per 

nucleus. The highest percentage of labeled cells occurred 

at 12 days preanthesis (Fig. 4) when 9.7% of the nuclei were 

in the S phase of the cell cycle. At the shorter incubation 

times, a decrease in labeling activity followed until no 

thymidine ipcorporation into epidermal cells was observed at 

2 days preanthesis. Following anthesis, DNA synthesis 

resumed and maximal thymidine incorporation occurred at 1 

day postanthesis when 6 - 8% of the cells v;ere labeled. By 
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6 days postanthesis, and afterward no incorporation of 

label was observed. 

The 12 hour incubation produCed differing results as 

compared to the shorter incubation times (Fig. 4 ) . One 

difference was that prolonged incubation caused an increase 

in the percentage of labeled cells prior to anthesis. Sec-

ondly, only at this incubation time were cells labeled at 

2 days preanthesis. Thirdly, labeled nuclei were observed 

as late as 6 days postanthesis as compared to 3 days post-

anthesis at the shorter íncubation times. Fourth, the 

percentage of labeled cells after anthesis was lower than 

the corresponding amount at the shorter incubatlon times. 

Outer p igmented zone of the outer integument 

A relatively high number of cells were labeled until 

2 days preanthesis. The number of labeled cells decreased 

until almost no cells incorporated DNA at anthesis. Maximal 

incorporation after anthesis occurred at 3 days postanthe-

sis. At 6 days postanthesis and afterward, no labeled cells 

were observed. 

The different incubation times gave similar results 

except for the 12 hour incubation. After anthesis, a rela-

tively low number of labeled cells were observed as compared 

to the shorter labeling times. 

The vascular tissue was labeled from the first day 

tested (12 days preanthesis) to 3 days postanthesis. Cells 

in the outer pigmented zone of the ovule were not 



synchronized in cell division as some nuclei were more 

heavily labeled than others. 

Outer colorless zone of the outer integument 

The outer colorless zone (inner epidermis of the outer 

integument) showed a high number of ce ls taking up thymi-

dine prior to anthesis (Fig. 6 ) . A low number of labeled 

cells was observed on the day of anthesis. Before anthesis, 

the 30 minute and 12 hour incubations gave similar results 

wlth a relatively large number of labeled cells as compared 

to the lower number found after the 15 minute incubation. 

On the day of anthesis, the 15 and 30 minute incubations 

showed no incorporation of tritiated thymidine. After 

anthesis, the two shorter incubations gave similar results 

with an initial peak of activity at 1 day 'pos tanthesis fol-

lowed by a resulting decrease to zero labeled cells at 6 

days postanthesis and afterward. In contrast to the above 

results, the 12 hour incubation showed labeling on the day 

of anthesis but no more activity afterward. 

Inner integument 

The palisade layer (outer epidermis of the inner 

integument) was labeled only at the following times: 6 days 

preanthesis (12 hour incubation), 1 day preanthesis (15 and 

30 minute incubation), and very heavy incorporation at 1 day 

postanthesis (12 hour incubation) (Fig. 3). 

The rest of the inner integument showed labeling only 

mÊtOígmesít^Êm 
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at the following times: 6 days preanthesis (12 hour incu-

bation) , 4 days preanthesis (30 minute incubation), 2 days 

preanthesis (15 minute incubation), 1 day preanthesis (15 

minute incubation), and 1 day postanthesis (30 minute and 

12 hour incubation). 

Uridine 

Incubation times of 60 minutes and 12 hours produced 

sufficient numbers of reduced silver grains for observation 

of uridine incorporation. 

Epidermis 

Both incubations showed an increase in the number of 

silver grains over the nucleus and nucleolus of elongating 

fibers from 1 to 3 days postanthesis (Figs. 7 and 8). At 

6 days postanthesis, very few reduced silver grains appeared 

over the nucleus or nucleolus of fibers (Fig. 9 ) . 

The cytoplasm of fiber cells was heavily labeled at 1 

day postanthesis, and decreased in the relative number of 

silver grains at 3 days postanthesis (Fig. 7). At 6 days 

postanthesis, almost no label was observed over the cyto-

plasm of the fibers (Fig. 9 ) . After 6 days postanthesis , 

no incorporation of uridine occurred in fiber cells, even 

with 12 hours of incubation. Concerning the number of 

silver grains present, the greatest amount of uridine incor-

poration occurred at 3 days postanthesis. At 6 days post-

anthesis and afterward, silver grains were rarely observed 
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in fibers, 

At 3 days postanthesis, segregated nucleoli were 

observed with silver grains only over the cortex of the 

nucleoli (Fig. 10). 

Non-elongating epiderraal cells had a lighter, more 

uniform label than did elongating cells. No organelle 

appeared to be more heavily labeled than did any other 

organelle in these cells. 

Outer integument 

The outer integument showed scattered label at 12 days 

preanthesis; the label was over both the outer pigmented and 

outer colorless zones. This label decreased until 2 days 

preanthesis, and no label was observed at 1 day preanthesis. 

By 1 day postanthesis, heavy label was observed over the 

outer pigmented and outer colorless zones. This label 

decreased at 3 days postanthesis and no more label was 

observed to take up labeled uridine at 3 days postanthesis. 

The outer colorless zone took up label only on the following 

days: 4 days preanthesis, 1 day postanthesis, and 3 days 

postanthesis. Large parenchymal cells were found to oe 

labeled at their cell periphery; labeled nuclei and nucleoli 

were appareni- in many of these cells. 

Inner integument 

The inner integument showed initial heavy uptake which 

gradually decreased by 2 days preanthesis. Some label was 

- I \'^hm-i I 
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observed over this area at 1 and 3 days postanthesis, but 

after 3 days postanthesis, no silver grains were observed 

over the inner integument. The palisade layer was not 

labeled at any time observed. 

Amíno Acids 

All four incubation times showed incorporation with 

longer incubation times resulting in a greater number of 

reduced silver grains. Amino acids were incorporated from 

the earliest day tested (6 days preanthesis) to 22 days 

postanthesis. 

Epidermis 

Peak uptake of amino acids occurred in the epidermal 

layer at anthesis. Uptake was otherwise observed at 6, 4, 

2, and 1 days preanthesis, and 1, 3, and 22 days postanthe-

sis. At 1 day postanthesis, labeled amino acids were incor-

porated by both elongating and non-eldngating epidermal 

cells (Fig. 11). Initially, no organelle of elongating 

epidermal cells was more heavily labeled than any other 

organelle, but by 3 days postanthesis, the primary cell wall 

of most of the elongating cells was evenly labeled along its 

entire length (Fig. 12). Fewer silver grains were found 

over the cytoplasm, nucleus, nucleolus, and central vacuole, 

This label was associated with fibers as late as 22 days 

postanthesis (Fig. 13). 
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Outer Integument 

Although incorporation occurred at every time tested up 

to 22 days postanthesis, the greatest uptake occurred at 4 

days preanthesis and at anthesis. Amino acid incorporation 

was not initially specific for any cell type; but at 1 day 

preanthesis, heavier localization was observed over the 

procambial cells of the vascular tissue (Fig. 14). This 

localization decreased at anthesis, but again increased at 

1 day postanthesis. A decrease occurred at 3 days post-

anthesis, and no more localization in vascular tissue was 

observed after this day. No uptake was found over the 

tracheary elements or phloem tissue of the vascular bundle. 

On the day of anthesis, the large, oval, grainy appear-

ing parenchyma cells surrounding the vascular bundles and 

occurring in the outer integument, initiated uptake of the 

amino acid label. By 1 day postanthesis , a uniform heavy 

label was observed over the entire outer integument, with a 

significantly lighter label over the epidermis (Fig. 11). 

This uptake within the outer integument continued until 3 

days postanthesis (Fig. 12). By 6 days postanthesis , tannin 

filled parenchyma cells were labeled, and this incorporation 

was also observed on tissue at 22 days postanthesis (Fig. 

13). 

nner integument 

The inner integument took up label to a lesser extent 

than the outer integument. By 2 days preanthesis, the inner 
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pigmented zone was heavily labeled, and this localization 

continued to 1 day preanthesis. Uptake was also observed 

over the palisade layer from 2 days before to 3 days after 

anthesis. 

L-3-phenylalanine-2 , 3--̂ H (Chain 
Labeled Phenylalanine) 

Uptake of this amino acid was observed from the earli-

est time tested (6 days preanthesis) until 22 days post-

anthesîs. Although uptake was observed at all four incuba-

tion times, the pathway of phenylalanine was most clearly 

shown by the 60 minute and 12 hour incubations. 

Epidermis 

Epidermal uptake was observed at 6 days preanthesis; a 

decrease in uptake occurred by 4 and 2 day's preanthesis, 

while a further decrease occurred at 1 day preanthesis and 

at anthesis. By 1 day postanthesis , epidermal label 

increased in both elongating and non-elongating cells (Fig. 

15). Fibers took up labeled phenylalanine on 1, 3, 6, 18, 

and 22 days postanthesis. The epidermal layer was most 

heavily labeled directly above the vascular tissue and this 

was most apparent in the 12 hour incubation. 

Outer integument 

The 12 hour incubation showed very heavy labeling in 

the outer integument above the vascular tissue at 1 day 

postanthesis (Figs. 15 and 16). By 3 days postanthesis, a 



15 

drastic decrease occurred in the number of silver grains in 

this area of the ovule. Subepidermal cells were labeled at 

1 and 3 days postanthesis. These parenchymal cells were 

directly above the vascular area and below the labeled epi-

dermis. Most of these large, vacuolated cells were labeled 

at their periphery, and some were uniformly labeled over 

their entire surface. Within the vascular tissue, tracheary 

elements were labeled (Fig. 16). 

Inner integument 

The inner integument was sparsely labeled on all days 

tested. 

L-3-phenylalanine-(ring-4-^H) 

Phenylalanine ring label was taken up at all four incu-

bation times. Labeled cells were observed from the earliest 

day tested (six days preanthesis) until 6 days postanthesis. 

Labeled cells were also observed at 33 days postanthesis. 

The three short incubation times showed no significant 

changes in the number of silver grains present, but the 12 

hour incubation was significantly nore heavily labeled than 

were the three shorter times. 

Epidermis 

Little uptake in the epidermal Íayer was observed in 

preanthesis ovules, but increased uptake occurred in the 

epidermis at anthesis, and 1, 3, 5, and 33 days postanthesis 

Fibers took labeled phenylalanine at 1, 3, and 6 days 
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postanthesis (Figs. 17 and 18). Epidermal cells in closest 

proximity to vascular tissue had the heaviest label. Elon-

gating cells were as heavily labeled as non-elongating cells 

with the cytoplasm, nucleolus, nucleus, and primar^/ cell 

wall covered with reduced silver grains. Epidermal cells 

had heaviest label at 1 day postanthesis; by 3 days post-

anthesis, a drastic reduction was observed In the number of 

silver grains in this layer. Light label was observed in 

the number of silver grains in this layer. Light label was 

observed over non-elongating epidermal cells on ovules at 

33 days postanthesis (Fig. 19). 

Outer integument 

Initial uptake was observed by 6 days preanthesis; this 

decreased by 4 and 2 days preanthesis. Localization within 

the procambial cells, and occasionally in the tracheary ele-

ments of the vascular bundle, was observed. This locaiiza-

tion continued and increased up to 1 day postanthesis. 

Large, vacuolated, oval-shaped parenchyma cells of the 

outer integument were heavily labeled at their peripheries 

(Fig. 20). Other less vacuolated parenchyma cells were more 

uniformly labeled (Fig. 20). By 33 days postanthesis , the 

outer intcguiîient had only scattered label (Fig. 19). 

Inner integument 

The inner integument had the greatest label at 4 days 

preanthesis; this label decreased at 2 days preanthesis. By 
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1 day postanthesis, no label was observed in the inner 

integument. The palisade layer was not labeled in any of 

the tissue th.at was observed. 

Glucose 

Uptake of glucose occurred from the earliest day tested 

(6 days preanthesis) until 3 days postanthesis. All four 

incubation times produced silver grains over the tissue. 

Epídermis 

No localization of silver grains was observed until 1 

day postanthesis (Fig. 21). By 3 days postanthesis, elon-

gating fibers appeared more heavily labeled than did any 

other cellular structure. Both elongating and non-elongating 

epidermal cells appeared to have similar amounts of silver 

grains over their tissue; in elongating cells, labeled 

glucose was observed over the primary cell wall and central 

vacuole. Silver grains were observed in the cytoplasm 

beneath the nucleus in elongating epidermal cells whose 

nuclei were beginning to migrate into the fiber. Stomatal 

cells were also labeled with glucose. 

Outer integument 

By 2 days preanthesis, uptake occurred in two distinct 

areas of the outer integument. This uptake occurred in the 

outer integument near the micropylar end of the ovule (Fig. 

22). A small increase was noted at 1 day postanthesis , and 

this uptake continued until 3 days postanthesis at which 
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time the label was maximum for this layer. Subepidermal 

cells directly below the epidermis were occasionally very 

heavily labeled. The vascular area contained scattered 

silver grains, and the parenchyma cells between the vascular 

bundle and epidermis were heavily labeled. 

Inner integument 

The inner integument was lightly labeled at 2 and 1 

days preanthesis. No other uptake was observed within this 

section of the ovule. 



CHAPTER IV 

DISCUSSION 

Thymidine 

Labeled cell's in the epidermal layer indicated that 

very young ovules were characterized by numerous nuclei pre-

paring to enter mitosis. Cells synthesizing DNA decreased 

at 2 and 1 days preanthesis with a large percentage of cells 

again synthesizing DNA at 1 day postanthesis. Few epidermal 

cells were labeled at 3 and 6 days postanthesis with no 

thymidine incorporation observed after 6 days postanthesis. 

The arrest of cell division in the epidermis at 2 and 1 

days preanthesis was concomitant with observable changes in 

the ultrastructure of differentiating fiber primordial cells 

(Aiyangar, 1951; Ramsey, 1972). These observations sug-

gested that cell division and cell differentiation were 

antagonistic processes in the cotton epidermal cells. The 

change from synthesis of substances for the cell's own main-

tenance to synthesis of their differentiated products is 

often accompanied by the slowing or cessation of cell divi-

sion (Elbert and Kaighn, 1966). Incorporation of thymidine 

by non-elongating cells was observed at anthesis, so appar-

ently the early stages of cell elongation in neighboring 

fibers had little, if any, effect on the non-elongating epi-

dermal cells about to enter mitosis. 

19 
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The longer incubation time of 12 hours showed a higher 

percentage of labe ed epidermal cells prior tp anthesis. 

This indicated that not all the cells in the shorter incu-

bations were detected synthesizing DNA by our sampling tech-

niques. Observations of the number of silver grains on 

labeled nuclei in close proximity to each other showed that 

some nuclei were more heavily labeled than others. Appar-

ently, prior to anthesis, the cell cycle was not synchro-

nized; and cells were continually synthesizing DNA in prepa-

ration for cell division. The lower percentage of thymidine 

labeled nuclei after 12 hours of incubation at 1 and 3 days 

postanthesis than at shorter incubation times may have been 

caused by the use of partially damaged ovules unable to 

incorporate thymidine, or it may have been caused by the 

culturing of motes (abnormal, sterile, or abortive ovules) 

(Joshi et al., 1967). Since fertilization normally takes 

place at 1 day postanthesis, motes may have been uninten-

tionally cultured. Their abnormally smaller size and 

retarded fiber growth would have negated their use at later 

developmental stages in this experiment. 

By 6 days postanthesls and afterward, almost no labeled 

cells were found. Joshi et al. (1967^ found that epidermal 

cells filled up with tannins approximately 8 days after 

anthesis. Ultrastructural observations indicated that the -

vacuoles of these cells enlarged and increased in tannin 

content with nuclei found pushed to the sides of these cells 
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(Ramsey, 1972). These chemical and morphological changes 

were probably related to the cessation of DNA synthesis in 

the epidermis, and it appeared unlikely that these differen-

tiated cells would undergo mitosis after 8 days postanthesis, 

Farr (1931, 1933), however, found evidence of cells in appar-

ent late telophase as late as 12 days postanthesis. 

The percentage of labeled cells in the outer pigmented 

and outer colorless zones through ovule development were 

similar. However, in the integuments, DNA synthesis was 

arrested on the day of anthesis, two days later than the 

cells in the epidermal layer were arrested. The outer 

integument was apparently less affected by the actual -initi-

ation of elongation of epidermal cells. The rapid cellular 

expansion that occurred in fibers may have been related to 

the cessation of DNA synthesis in the integuments. 

Labeled procambial cells in the vascular tissue were 

found from the earliest day tested until 3 days postanthesis, 

Since the reduced silver grains represented only synthesis 

of new DNA, this localization represented only tissue in the 

S phase of the cell cycle, and not cells engaged in trans-

port of thymidine. The synthesis of DNA in these cells was 

concomitant with increased tissue size of the vascular bun-

dle from 12 days preanthesis to 3 days postanthesis. There-

fore, the vascular bundles increased in cell number from 12 

days preanthesis to 3 days after anthesis. 

In the inner integument, labeled palisade cells were 

æs^ MSaS mi^ HMÉIÍfell k i i i 
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observed up to 1 day postanthesis. These cells elongate 

longitudinally and lignify after 8 days postanthesis (Reeves 

and Valle, 1932) and give support and protection to the 

embryo. Apparently enough of these cells were present at 

1 day postanthesis to allow for further expansion and growth 

of the ovule. 

Hence, as a whole, the tritiated thymidine studies 

showed that ovule enlargement was due primarily to cell 

division up to 3 days postanthesis, while after this time 

ovule enlargement was due to an increase in the size of 

existing cells. 
I 

These results were based on the assumption that cells 

synthesizing DNA were preparing to enter mitosis, Whether 

cr not cell division occurred after thymidine incorporation 

could not be determined by the methods used in our study. 

Thymidine may have been degraded to an undetermined labeled 

fraction, but incorporation of these fractions into the non-

nuclear portions of labeled cells appeared to be minimal 

although these silver grains may have represented mitochon-

drial and proplastid incorporation of thymidine. A second 

alternative was that labeled thymidine may have been incor-

porated into DNA undergoing gene amplification in differen-

tiating fiber primordial cells. This explanation appears 

unlikely since the percentage of cells incorporating thymi-

dine in the epidermal layer during differentiation into 

fibers was low. If fiber primordial cells were undergoing 
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gene amplification, at least 10% of the epidermal cells 

would have to be labeled since approximately 1 in 10 epider-

mal cells initiate elongation at anthesis. No incorporation 

was observed over nuclei in elongating fibers after anthesis, 

and these observations indicated that gene amplification did 

not occur during fiber development at any tlme tested. 

The percentage and numbers of labeled nuclei at various 

stages of ovule development were based on the quantification 

of autoradiographic data with the light microscope. Although 

such data can be misleading (Caro, 1964), the percentage of 

epidermal cells entering the S phase of the cell cycle was 

easily calculated since the emulsion above the nuclei of 

these cells was heavily and distinctly labeled. Although 

unintentional alteration of the plane of sectioning could 

have caused misinterpretation, the similarity in the number 

and percentage of labeled cells at the various incubation 

times supported these conclusions. 

Uridine 

The incorporation of tritiated uridine by elongating 

epidermal cells occurred at 1, 3, and 6 days postanthesis. 

The low level of incorporation at 6 days postanthesis, with 

virtually no uridine incorporation in fibers at anthesis or 

fibers older than 6 days postanthesis, indicated that the 

bulk of cellular RNA was made from 1 to approximately 5 days 

postanthesis, The greatest uptake of uridine in fiber cells 

occurred at 3 days postanthesis when both total cellular and 
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nucleolar incorporation were highest. This increase in 

nucleolar incorporation occurred shortly after morphological 

changes in the nucleolus had occurred. Ultrastructural stu-

dies indicated that prior to anthesis, the nucleolus enlarged 

in fiber primordial cells, and the number of free ribosomes 

increased in the cytoplasm of these cells (Berlin and Ramsey, 

1970). The nucleolus segregated into fibrillar and granular 

components by 1 day postanthesis while by 2 days postanthesis 

further nucleolar segregation resulted in a bull's eye nucle-

olus consisting of a rarefied inner area surrounded by a 

fibrillar cortex (Ramsey, 1972). 

Our studies showed that nucleoli at 1 day postanthesis, 

characterized by macrosegregation into fibrillar and granu-

lar regions and a small central vacuole, as well as a bull's 

eye nucleoli at 3 days postanthesis, were both capable of 

RNA synthesis. The bull's eye nucleolus at 3 days post-

anthesis was characterized by heavier incorporation of 

uridine than was the nucleolus segregated into only fibrillar 

and granular components at 1 day postanthesis. The incor-

pbration of uridine occurred only within the fibrillar outer 

cortex of this organelle when it was in the bull's eye con-

figuration. These findings are in agreement with those of 

Johnson (1965) and Deltour and Bronchant (1971) who found 

RNA synthesis in bull's eye nucleoli of other plant cells. 

The increase of nucleolar RNA synthesis at 3 days post-

anthesis may have been due to several possibilities. 
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Nucleolar segregation is thought to represent a morphogenic 

expression of fairly specific biochemical reactions (Reynolds 

et al., 1963; Simard and Bernhard, 1966) in which inhibition 

of transcription caused nucleolar segrégation into fibril-

lar, granular, and electron transparent central vacuoles, 

Reynolds (1963) proposed that inhibitors of protein synthe-

sis induced nucleolar segregation by increasing rates of 

synthesis of preformed ribonucleoprotein particles from the 

nucleolus to the cytoplasm. This may have been a cellular 

means to attempt to restore protein synthesis, and the segre-

gated nucleolus may have been caused by nucleolar exhaustion 

of ribonucleoprotein particles. These results may indicate 

that bull's eye nucleoli were related to increased rates of 

RNA synthesis in elongating cotton fibers. Nucleolar segre-

gation in fiber cells ultimately resulting in a bull's eye 

nucleolus at 2 days postanthesis may have been limited by 

the actual process of segregation itself as the nucleolus 

may noL have been able to undergo segregation and synthesize 

RNA simultaneously. 

The nucleolus may have been segregated into a fibrillar 

cortex to more rapidly synthesize 45 S RNA and to cleave this 

RNA species into ribosomal precursors. Autoradiographic and 

kinetic evidence indicated that heavy weight ribosomal RNA 

precursors are first synthesized in the fibrillar region of 

the nucleolus (Firket and Granboulan, 1963; Granboulan and 

Granboulan, 1964; Unuma et al., 1968), and this segregation 
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may have represented a more efficient method of synthesizing 

ribosomal RNA precursors during periods of rapid nucleolar 

RNA synthesis. 

The increased synthesis of total cellular RNA at 3 days 

postanthesis may have been due to a more rapid turnover of 

RNA at this time. Increased numbers of ribosomes observed 

on the day of anthesis in elongating cells may have been 

rapidly turned over at 3 days postanthesis. The increased 

total cellular as well as nucleolar RNA synthesis at 3 days 

postanthesis may have been due to deletion of cytoplasmic 

RNA as free ribosomes synthesized earlier in fiber primordial 

cells may have been rapidly turned over at this time. This 

turnover at 3 days postanthesis may have been necessary for 

continuation of cell elongation. Relatively light amino acid 

labeling at this time indicated that ribosomes were less 

active at 3 days postanthesis, but increased levels of pro-

tein synthesis may have been missed by our sampling tech-

nique. 

This study showed that nearly all cellular RNA occurring 

in fiber cells was synthesized prior to 6 days postanthesis. 

Biochemical evidence indicated that differing enzyme systems 

are necessary for primary and secondary cell wall synthesis 

in cotton (Delmer et al., 1974). Differing chemical compo-

sitions of primary and secondary cell walls (Frey-Wyssling 

and Muhlethaler, 1965) indicate the probability of differing 

enzyme systems during the periods of primary and secondary 
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cell wall synthesis. Since RNA was only synthesized prior 

to 6 days postanthesis, this indicated that long lived mes-

senger RNA was synthesized by the nucleus to code for con-

tinued primary and secondary wall synthesis. With rela-

tively less amino acid incorporation at 3 days postanthesis , 

much of the RNA synthesized at this time may have gone into 

messenger rather than ribosomal RNA synthesis. 

Tritiated uridine was observed in subepidermal cells 

where secondary cell walls were apparent, and this suggested 

that uridine could enter fiber cells during the onset of 

secondary cell wall synthesis, but did not. Clay et al. 

(1975) and Walters and Dure (1966) have found evidence of 

long lived messenger RNA in germinating cotton seeds and the 

extension of its presence in ovule development seems logical. 

These results also suggested that long lived ribosomal 

RNA was synthesized during the time of early fiber expansion, 

and this RNA was apparently not utilized until secondary cell 

wall formation began. These ribosomes synthesized at a later 

stage of ovule development may have been the only ribosomes 

capable of becoming bound to the endoplasmic reticulum or 

forming polysomes with messenger - RNA. 

Since it was not experimentally feasible to observe 

every time period in fiber development, small spurts of RNA 

synthesis could have been missed in this study, but it seems 

apparent that all or nearly all of the RNA utilized in fiber 

development was synthesized shortly after anthesis. 

m 
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In our study, two assumptions were made in comparing 

uridine incorporation to actual RNA synthesis. First, the 

cellular uridine pool did not change with time. If this is 

not the case, an increase in the uridine pool would necessi-

tate an increase in the amount of tritiated uridine to give 

the same number of silver grains. Secondly, the ability of 

uridlne to enter fiber cells may have changed during differ-

ent stages of fiber development. These changes could not be 

detected by the methods employed in our study. 

In the outer integument, large parenchyma cells were 

labeled at their periphery, and occasionally their nuclei 

and nucleoli were labeled. These cells may have been pre-

paring for phenolic compound or lipid synthesis, and may have 

required the ur.idine for ribosomal RNA synthesis in order to 

make the new enzyme necessary for production of these com-

pounds. The lipid and tannin content of the integuments 

increases after the first week following anthesis (Joshi 

et al. , 1967). These cells were also undergoing cellular 

enlargement , and may have required the uridine for ribosomal 

RNA production so that more proteins would have been avail-

able for cell expansion. " 

The outer colorless zone was labeled concomitantly with 

uridine and thymidine. Whether or not DNA and RNA synthesis 

was occurring simultaneously within the same cells could not 

be determined. However, DNA and RNA activity was occurring 

within the same tissue at similar times. 
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Procambial tissue in the vascular bundles incorporated 

tritiated uridine. These cells may have been metabolizing 

the uridine for RNA synthesis as expansion of this tissue 

was observed prior to 3 days postanthesis. 

Amino Acids 

The uptake of amino acids in the epidermal layer 

occurred from the earliest day tested until 3 days post-

anthesis wlth resumption of uptake at 22 days postanthesis. 

No uptake was observed at 6, 16, or 33 days postanthesis. 

Peak incorporation occurred at 4 days preanthesis, anthesis, 

and to a lesser extent at 3 days postanthesis. 

'Several ultrastructural changes have occurred in epi-

dermal cells that may have been related to increased uptake 

of amino acids from 4 days preanthesis to anthesis (Berlin 

and Ramsey, 1970; Ramsey, 1972). There was an increase in 

the cytoplasm to cell size ratio of epidermal cells prior 

to anthesis. Secondly, at 3 days preanthesis, the previ-

ously electron light vacuoles were observed to contain dense 

pigment. Thirdly, an increased number of free ribosomes was 

found in certain epidermal cells prior to their initiation 

of elongation. . Fourth, increased numbers of dictyosomes 

were found in epidermal cells that had initiated elongation. 

All of these morphological changes máy have been related to 

increased amino acid incorporation into cellular proteins. 

Metabolism of proteins are necessary for an increase in 

cytoplasmic ground substance, ribosome production, and 
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dictyosome synthesis. A multitude of new enzymes may have 

been necessary to direct synthesis of the electron dense 

pigments founrt at 3 days preanthesis. 

From fiber initiation at anthesis to 3 days postanthe-

sis, rapid ultrastructural changes may have again been 

related to increased amino acid incorporation found at these 

stages of ovule development. The elongation of certain epi-

dermal cells from 10 microns to over 2,000 microns in 

length, with most of the cell volume taken up by a large 

central vacuole, dictated a large increase in membrane 

expansion. Geometric calculations of elongated cell indi-

cated that a one hundred seventy-five fold increase in 

length of the plasma membrane and tonoplast had occurred by 

3 days postanthesis. The increase in membrane expansion may 

have been related to some or all of the increased amino acid 

incorporation occurring from 4 days preanthesis to 3 days 

pos tanthesis. 

From thin layer chromatography and amino acid analyzer 

data, Wakelyn (1975) found that primary cell wall extracts 

of young cotton fibers were 8.5% protein by weight. Aspar-

tic and glutamic acids made up the bulk of these cell wall 

proteins. The amino acid incorporation at 1 and 3 days 

postanthesis may have been incorporated into expanding pri-

mary cell walls at these stages of fiber development. 

During the period of primary cell wall synthesis, the 

bulk of amino acid label in the fiber was observed prior to 
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6 days postanthesis. With fiber length continuing until 

approximately 27 days postanthesis (Shubert et al., 1973) 

and ultimately increasing 3,000 times in length (Watson and 

Berlin, 1973), apparently most of the amino acids were syn-

thesized prior to 6 days postanthesis. Wakelyn (1975) found 

evidence of free amino acids occurring in the primary cell 

wall of elongating fibers which may have been used in pri-

mary wall extension. These free amino acids would not have 

been detected by autoradiography, and may indicate that 

after 6 days postanthesis, protein components for continued 

membrane and cell wall extension were synthesized from a free 

amino acid pool. By 6 days postanthesis and until 22 days 

postanthesis, the labeled amino acids may have been incapa-

ble of entering the fibers and were not detected by auto- »* 

radiography at these times. ;;J 

Delmer et al. (1974) have suggested that secondary cell 
ãeî 

wall synthesis occurred in cotton via alternate pathways ÎJ 

than those for primary cell wall synthesis. The reduced 

silver halide grains observed at 22 days postanthesis may 

have represented amino acids being metabolized into new 

enzymes necessary for secondary cell wall synthesis. Ray 

(1969) has found biochemical evidence of carbohydrate syn-

thetase particles associated with mature faces of Golgi 

membranes. These particles were apparently necessary for 

secondary cell wall synthesis in peas. 

The increase in RNA synthesis at 3 days postanthesis 
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was concomitant with decreased amino acid synthesis that 

was mainly associated with the primary cell wall - plasma 

membrane component of the fiber. This relationship sug-

gested that RNA synthesis at 3 days postanthesis may have 

been utilized for direction and synthesis of the protein 

components of the plasma membrane, tonoplast, and primary 

cell wa l. This indicated that the earlier RNA synthesis 

at anthesis aud prior to cell elongation appeared to be 

responsible for most of the protein synthesis prior to 3 

days postanthesis. Most of the structural protein incor-

porated into expanded plasma membrane, tonoplast, and pri-

mary cell wall may have been synthesized by new ribosomes 

from 3 days postanthesis until the cessation of amino acid 

synthesis at 6 days postanthesis. This again indicated the 

existence of an amino acid pool from 3 to 5 days postanthe-

sis . 

The labeled parenchyma cells in the integuments of rhe 

ovule may have represented cells that were actively synthe-

sizing proteins necessary for an increase in cell size. 

Ovule size increased rapidly after anthesis, and the need 

for pfotein components in the outer and inner integuments 

was apparently great during ovule development after anthesis 

Phenylalanine 

Phenylalanine chain and phenylalanine ring label 

appeared to have been metabolized similarly. Both labeled 

amino aclds were localized over the tracheary elements of 
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the vascular tissue at similar times; both labeled compounds 

were localized in elongating and non-elongating epidermal 

cells directly above the vascular bundles; and both of these 

amino acids were found over the parenchyma cells between the 

vascular tissue ahd epidermal layer. Prolonged incubation 

of the tissue with both isotopes gave similar results, and 

due to similarity of incorporation of both chain and ring 

phenylalanine, it appeared that chain cleavage of phenylala-

nine did not occur. 

The fate of this amino acid in the epidermis may have 

been twofold: first, it may have been synthesized into 

proteins; and secondly, the phenylalanine could have been 

metabolized into the shikimate pathway (Davis, 1955; 

Sprinson, 1961; Fowden, 1965; and Ribereau-Gayon, 1972). 

In either case, cleavage of the side chain from the aromatic 

ring did not occur. 

As previously stated, proteins were apparently neces-

sary for ovule growth and development, and phenylalanine 

incorporation into protein may have occurred. VJakelyn 

(1975) has found evidence of the presence of phenylalanine 

in cotton fibers. However, the difference in autoradio-

graphic results between phenylalanine and the four amino 

acids, especially at 1 day postarithesis, indicated a proba-

ble differing role for the phenylalanine. That role was 

possible incorporation into the shikimate pathway. The 

secondary metabolites of plant cells synthesized from this 

3£: 
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pathway could have many functions in the elongation of cot-

ton fibers. These polyphenols are known to cross-link poly-

mers such as cellulose, glycoproteins, and pectins. Combin-

ing with cellulose may explain how the primary cell walls of 

cotton fibers weré synthesized so rapidly. The polyphenols 

(tannins) that are found in plant vacuoles and cellular 

organelles may give strength and specificity to the primary 

cell wall. The combining of polyphenols with proteins may 

regulate development by enzyme and organelle inhibition 

(Swain, 1965). Polyphenols are known to inhibit indole 

acetic acid oxidase activity (Henderson and Nitch, 1962; 

Reynolds and Maravolo, 1973) freeing lAA to increase cell 

elongation. However, the role of lAA in cellular elonga-

tion in cotton is not clear. Beasley (1973) found that 

exogenous lAA alone did little to stimulate fiber growth in 

cotton. 

The heavy labeling of subepidermal cell.s at later 

stages of ovule development was probably related to the 

increased tannin content of the integuments of the ovule, 

Heavier labeling in the integuments occurred with 

phenylalanine ring label than with phenyla anine chain label 

even though the former had lower specific activity and lower 

concentration, Phenylalanine ring label was localized in 

subepidermal cells at 6 and 33 days postanthesis, and this 

localization was not obvious with the chain label. 
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GÍucose 

Glucose was taken up by epidermal cells on 1 and 3 

days postanthesis. The glucose may have been utilized in 

cell wall synthesis (Northcote and Pickett-Heaps, 1966). 

GDP-glucose is known to serve as a precursor for primary 

cell wall synthesis in cotton (Barber et al., 1964; Delmer 

et al., 1974), and UDP-glucose has been implicated in sec-

ondary cell wall synthesis in cotton (Franz and Meier, 

14 
1969) . Franz and Meier reported that glucose- C was 

incorporated into aikalai-insoluble residues of cotton 

hairs from the day of anthesis. This study showed heavy 

initial incorporation into the primary cell wall at 1 and 

3 days postanthesis, and the difference in results may have 

been due to the fact that Franz and Meier used a cell free 

system or that only phosphorylated glucose was capable of 

incorporation into fibers. 

Glucose could have been used as an energy source. 

Beasley (1973) found that fiber development in ovule cul-

tures was best when grown with glucose as the sugar source. 

The cytoplasm of elongating fibers was most heavily labeled 

beneath and around the migrating nuclei. If energy was 

required to move these nuclei up the fiber, glucose may 

have been used to supply the necessary mitochondrial energy 

to cause nuclear migration. 

Labeled stomates were also observed at 1 day postanthe-

sis. The energy released from glucose utilization may have 

p 
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been used by mitochondria within the guard celis to open or 

close the stomatal pores during incubation in the culture 

media. The cell sap of the developing fibers were known to 

contain sugars (Baranov and Maltzev, 1937), and some glucose 

was observed over' the central vacuoles of elongating fibers. 

The selected incorporation of glucose near the micropy-

lar end of the 2 day preanthesis ovule may have been due to 

3 

the uptake of H glucose from the media and into the vascu-

lar bundles of the ovuie. This glucose may have been trans-

ported to parenchyma cells of the outer integument. These 

cells may have used glucose as an energy source, as similar 

cells were found to be labeled with amino acids at similar 

times in development. These cells may have been engaged in 

cell growth, or may have been synthesizing compounds to be 

used by the ovuie. 

In summary, thymidine incorporation indicated that 

ovule growth up to 3 days postanthesis was primarily due to 

mitosis, while after 3 days postanthesis, ovule enlargement 

was primarily due to enlargement of existing cells. Uridine 

incorporatlon indicated that segregated nucleoli were capa-

ble of RNA synthesis prior to 6 days postanthesis, and only 

the outer cortex of segregated nucleoli were capable of RNA 

synthesis. The uptake of amino acid labei indicated that 

heaviest incorporation of amino acids by the ovule was in 

the outer integument , and a decrease in labei during the 

time of increased uridine metabolism into RNA indicated the 
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presence of long lived RNA species. 

Labeled phenylalanine was specifically incorporated 

into the epidermis where this layer was in closest proximity 

to the vascular bundles of the outer integument. The heavi-

est incorporation of glucose occurred prior to anthesis, and 

this may have indicated that phosphorylated rather than free 

glucose was capable of being incorporated into the cotton 

ovule after anthesis. 

a; 
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Fig. 1. Outer integument of a 1 day preanthesis ovule 
treated with a 30 minute incubation of tritiated 
thymidine. Note the abeled nuclei in the outer 
epidermis (E) as indicated by filled arrows; the 
labeled nuclei in the outer pigmented zone (OPZ) as 
indicated by the slant arrows; and labeled nuclei 
in the outer colorless zone (OCZ) as indicated by 
the unfilled arrows. Some nuclei are more heavily 
labeled than others. Bar equals 100 microns. X 625. 

Fig. 2, Three day postanthesis ovule treated with tritiated 
thymldine for 12 hours. Note the heavily labeied 
nuclei in the epidermis (E) and outer pigmented 
zone (OPZ) showing DNA synthesis after fiber (F) 
has elongated. Bar equais 100 microns. X 1560. 

FÍ2, One day postanthesis ovule treated with tritiated 
thymidine for 12 hours. Note the labeled nuclei 
in the palisade layer (P). No labeled nuclei are 
observed in the outer coloriess zone (OCZ), Bar 
equals 100 microns, X 1560, 
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Fig. 4. Graph showing the percentage of epidermal cells 
labeled with tritiated thymidine at various stages 
of ovule deveiopment. (O O ^̂-O) indicates the 
15 minute incubation, (• • •) indicates the 
30 minute incubation, and (B •- •) indicates 
the 12 hour incubation. 
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Fig, Graph showing the n'umber of cells per ovule 
labeled with tritiated thymidine in the outer 
pigmented zone of the outer integument. 
(O O O) indicates the 15 minute incubation, 
(• O ©) indicates the 30 minute incubation, 
and (H -« •) indicates the 12 hour incubation. 
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Fig, 6, Graph showing the number of cells per ovule 
labeled with tritiated thymidine in the out.er 
pigmented zone of the outer integument, 
(O O O) indicates the 15 minute incubation, 
(• • •) indicates the 30 minute incubation, 
and (B B •) indicates the 12 hour incubation, 

rait'«»'i.|S:.\. o..„iy 



50 

C^ 

wsaÍB 

LfJ 

S1133 araiwi áo ̂ ":̂ :̂ !nr4 



51 



Fig. 7. Three day postanthesis ovule treated with a 12 
hour incubation of tritiated uridine showing 
heavily labe ed nucleoli (Nu) in four elongated 
fibers, Bar equals 100 microns. X 625. 

Fig. 8. Three day pcstanthesis ovule treated with a 12 
hour incubation of tritiated uridine showing 
heaviiy labeled outer cortex of two nucleoii (Nu). 
Significantiy fewer silver grains appear over the 
nucieus (N) and the parietal cytoplasm (C). Bar 
equais 100 microns. X 1470, 

Fig. 9, Three day postanthesis fiber treated with a 60 
minute incubation of tritiated uridine showing 
cross section through a bull's eye nucieolus (Nu), 
Note that silver grains occur only in the outer 
cortex of the nucleolus, Fewer silver grains 
occur in the nucleus (N) of the fiber. Bar equals 
100 microns, X 1470, 

Fig. 10. Six day postanthesis fiber treated with a 60 min-
ute incubation of tritiated uridine. Note that ths 
nucleus (N) and nucleolus (Nu) have migrated to the 
fiber tip (FT) at which ti ne very few silver grains 
are localized over these organeiies. No activity is 
observed over the central vacuole (CV) of the fiber. 
Bar equals 100 microns. X 1470. 
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Fig. 11. One day postanthesis ovule treated with a 12 hour 
incubation of tritiated amino acid label. Note 
the heavy, uniform label over the outer integu-
ment (01). The fiber cells (F) in the epidermis 
have significantly less abel than the cells in 
the outer integument. Note the labeled palisade 
layer (P) with less label located in the paren-
chyma tissue of the inner integument (II). Bar 
equals 100 microns. X 625. 

Flg. 12. Three day postanthesis ovule treated with a 12 
hour incubation of tritiated amino acid label. 
Note the very heavy label associated with the pri-
mary cell wall (PW) of the fiber cells. Silver 
grains are also discernible over the nucleus (N) 
of one of the fibers. Heavy label is also found 
over the parenchyma cells (PC) above and below the 
vascular bundle (VB). Bar equals 100 microns. 
X 6 25. 

Fig. 13. Twenty-two day postanthesis ovule treated with a 
12 hour label of tritiated amino acid label. Note 
the heavy label over the epidermis (E) and outer 
integuj ent (OE) . Light label is also associated 
with the primary wall of two of the fiber cells 
(F) shown in cross sectioii. Bar equals 100 
microns. X 625 . 

Fig. 14. A one day preanthesis ovule treated with a 30 min-
ute incubation of tritiated air.ino acid label. 
Labeled procambial tissue (PC) in the vascular 
bundle shows uptake of the amino acids. Light 
label is also associatad with the epiderraal layer 
(E). Bar equals 100 roicrons. X 625. 
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Fig. 15. One day postanthesis ovule treated with a 12 hour 
incubation of tritiated phenyialanine chain label. 
Note the very heavily labeled epidermis showing the 
label completely covering the fibers (F). Also 
note the parenchymal cells (PC) directly below the 
epidermis that are labeied at their periphery. 
Bar equals 100 microns. X 625. 

Fig. 16. One day postanthesis ovule treated with a 12 hour 
incubation of tritiated phenylalanine chain iabel. 
Note the distinctly labeled tracheary elements (T) 
in the vascular bundle and the heaviiy labeled 
parenchyma cells (PC) near the top of the micro-
graph. Fig. 16 was taken directly below figure 15. 
Bar equals 100 microns. X 625, 

Fig. 17. One day postanthesis ovule treated with tritiated 
phenylalanine ring label for 12 hours, Note the 
heavily labeled elongating fibers (F) and the non-
elongating epidermal cells (E), Significantly less 
label is associated with the outer integument (01). 
Bar equals 100 microns, X 990, 

Fig Six day postanthesis ovule treated with a tritiated 
phenylalanine ring label for 12 hours. Note the 
labeled cytoplasm (C) of the elongating fibers with 
almost no label associated with the central vacuole 
(CV) of these fibers. Bar equals 100 microns, 
X 990, 
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Fig. 19. Thirty-three day postanthesis ovule treaced with 
tritiated phenylalanine ring label for 12 hours. 
Note the labeled epidermal layer (E) and outer 
integument (OE), The birefringent secondary walls 
(SW) of the fibers and their central vacuoles are 
not labeled. Bar equals 100 microns. X 625. 

?ig. 20. One day postanthesis ovule treated with tritiated 
phenylalanine ring label for 12 hours. Note the 
parenchyma cells (PC) with heavily labeled cyto-
plasm. Bar equals 100 microns. X 990. 

Fig. 21. One day postanthesis ovule treated with a 12 hour 
incubation of tritiated glucose. Note the uptake 
of label over the epidermal cells (E). The elon-
gating fiber shows uniform labal over the cyto-
plasm (C) and nucleus (N). Bar equals 100 microns. 
X 1560, 

Fig. 22. Outer integument and epidermis of a two day pre-
anthesis ovule treated with a 12 hour incubation of 
tritiated glucose. Note the heavy, unlform label 
in the outer integument (01) of the ovule with very 
little label associated with the epidermis (E) or 
inter-integumentary space (IIS). Bar equals 100 
microns, X 1000, 
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Fig A cross section of the mid-chalazal region of a 
3 day postanthesis cotton ovule stained with 
Azure B-Methylene Blue showing fibers (F), non-
elong epidermai cells (KE), outer pigmented zone 
(OPZ), and outer colorless zone (OCZ) of the outer 
integument. Also shown is the palisade layer (P) 
of the inner integument (II). X 500.»/ 
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