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ABSTRACT 

Seeds and seedlings of the maize stature mutant nana-1 were 

treated in various ways to determine the physiological effects of 

dwarfing. The physiological activities investigated were: 

coleoptile elongation, seedling elongation, isoenzymes of peroxidase 

and peroxidase activity, respiration of coleoptiles and mesocotyls, 

protein synthesis, and changes in ribonucleic acid during growth. 

Seedlings were treated with indoleacetic acid in various 

concentrations "by spraying. Measurement showed a significant increase 

in growth "by the treated plants when compared to the untreated control 

groups. The dwarf did not surpass the untreated normal control. 

Coleoptile sections were treated with IAA and showed a significant 

increase in growth over the intact controls. The treated groups did 

not show a significant difference from the control sections maintained 

in a citrate buffer. 

Coleoptile sections were treated with various concentrations 

of tryptophan and tryptaznine. Those treated with tryptophan exhibited 

no significant difference between the treated and untreated groups. 

The length of coleoptiles treated with tryptamine increased a 

significant amount over the intact control groups, but not over the 

section control kept in citrate buffer. Seeds which had been soaked 

xi 
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and germinated in tryptophan, trypt amine, citric acid, and pyruvic 

acid generally showed an increase in growth over the control groups. 

Peroxidase isoenzymes were studied by means of electrophoretic 

and colorimetric techniques. Mesocotyls of dwarf and normal seedlings 

were examined for differences in electrophoretic banding patterns of 

peroxidases. No differences were determined by this method. There 

were also no differences in the peroxidase activity between the dwarf 

and its normal sib. 

The respiratory activity of the dwarf and normal coleoptiles 

appears to be both aerobic and anerobic. Aerobic activity of nana-1 

and normal is equal. Anerobic activity of nana-1 and normal is also 

equal. The respiratory activity of the dwarf and normal mesocotyls is 

different with the normal exhibiting greater respiratory activity 

than the dwarf. 

The uptake of %-leucine and its utilization in protein 

synthesis was different in the dwarf and normal mesocotyls. Both 

dwarf and normal mesocotyls took up %-leucine at approximately the 

same rate. A pooling effect was noted in that the dwarf was not as 

efficient as the normal in extracting leucine from the amino acid 

pool and utilizing it in protein synthesis. A similar effect, though 

not as severe, was found in the coleoptiles. 

Whole seedlings were sprayed with IAA and the total RNA was 

determined. Over the five day treatment period, a general increase 

was exhibited until the fifth day when a decrease was noted. Treatment 
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vith IAA generally increased the amount of RNA. synthesis in the dwarf 

and decreased RHA. synthesis in the normal. 

It was determined that the cause of dwarfing in nana-1 was not 

due to increased peroxidases or peroxidase activity. Results of this 

study indicate that the normal allele of nana-1 may have a regulatory 

function in the production of enzymes which mediate a variety of 

physiological phenomena. The pleiotropic relationships of nana-1 

are the result of a mutation in a single gene. 



INTRODUCTION 

The most famous study in genetic literature, that by Gregor 

Mendel, was concerned in part with dwarfism in plants. Mendel was 

interested in the fundamentals of genetic processes, whereas the 

investigators of the present period are trying to understand those 

processes, but on the level of subtle molecular relationships. 

Recent studies concerning a variety of genetic controls of 

physiological differentiation, such as biochemical reactions in 

Neurospora (Beadle and Tatum l$A-l), sickle cell anemia in humans 

(Pauling et al. 19^9)> enzyme control in bacteria (Umbarger 19^5), 

development in Paramecium (Siegel 19^5), and maize (McClintock 19&5) 

have led to a more secure understanding of the relationship between 

the gene and its control of the organism by means of physiological 

phenomena. In each of the above cases, a change in the genetic 

arrangement, whether chromosomal or molecular, constitutes a mutation 

which can be measured as a change in the physiology of the developing 

organism. 

The study of physiological control of differentiation in higher 

plants was greatly accelerated by the discovery of naturally occurring 

growth regulators in Avena (Went 1927)* Since that time, indoleacetic . 

acid (IAA) has been isolated from maize (Haagen-Smit et al. 19^6), 

"gibberellin-like11 substances from many flowering plants (Phinney et al. 

1957) and kinin from apple fruitlets (Goldacre and Bottomley 1959)* 

1 
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IAA and gibberellin have "been used to the greatest extent by 

investigators of plant growth and development. It has been demon

strated by some authors (Phinney 1956; Homan and Harris 19^5) that 

dwarfism in maize can be overcome by the application of exogenous 

gibberellin. IAA has been used extensively in studies on cell wall 

extension (Cleland 1958, 19&7, 1968; Lockhart, Bretz and Kenner 

1967), dwarfness in peas (von Abrams 1953)> and on peroxidase 

activity (Galston 19^7> Stebbins and Gupta 1969)* 

This study is concerned with the physiological expression of 

dwarfism in the maize stature mutant nana-1. Nana-1 was discovered 

in a field at Cornell University by H. H. Love and described by Li 

(1933)* The mutant gene for nana-1 is located in the third linkage 

group and is recessive to the normal allele (Emerson, Beadle, and 

Fraser 1935)• The dwarf is characterized by having short internodes 

resulting in the plant being substantially shorter than its normal 

sib. In the seedling stage, the coleoptiles of the dwarf and normal 

are only slightly different. The dwarf can be distinguished by the 

very short, thick mesocotyl and a slightly flattened coleoptile tip. 

Van Overbeek (1935) attributed the cause of dwarfing in nana-1 to a 

lack of sufficient auxin given off by the dwarf coleoptile and to the 

greater destruction of auxin in the dwarf mesocotyl. The destruction 

was caused by an increase in activity of peroxidase enzymes in the 

dwarf (Van Overbeek 1938). 

In order to obtain a more complete understanding of the 

dwarfing mechanism in nana-1, it was necessary to examine the dwarf 
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for a variety of physiological activities using modern techniques 

and materials. The activities investigated were: coleoptile 

elongation, seedling elongation, isoenzymes of peroxidases and 

peroxidase activity, respiration of coleoptiles and mesocotyls, 

protein synthesis, and changes in ribonucleic acid during growth. 

It has been suggested "by some authors that tryptophan is the 

precursor of IAA in plants (Gordon 195&). Contrary evidence has "been 

cited by Skoog (1937) j Winter (1966), and Thimann and Grochowska 

(1968) which indicates that tryptamine is the precursor of IAA. 

without conversion from tryptophan. Reed (1968) was able to 

demonstrate the presence of an enzyme system in pea epicotyls which 

controlled the decarboxylation of tryptophan without the production 

of tryptamine. An investigation of the ability of nana-1 to convert 

tryptophan and tryptamine to IAA was desirable. 

The functions and activities of peroxidase enzymes are 

varied with regard to the type of reaction catalyzed and the target 

tissue. Hall et al. (1969) investigated isoenzyme fractions from 

a number of plants and found the peroxidases to be distributed 

throughout a wide variety of green plants which represented eleven 

genera. Brown (1961) found peroxidases to be able to mediate the 

formation of lignin, while Parish (1969) could find no close 

relationship between lignin content and peroxidase activity. 

Peroxidase activity has been associated with growth (Haskins 1955) 

in that tissues which were undergoing rapid growth exhibited a 



greater amount of peroxidase activity when compared to more mature, 

slower growing tissue. Different results were reported by Galston 

and Dalberg (195^) which led them to the conclusion that as the 

age of the tissue increases, the activity of IAA-oxidase, a 

peroxidase, increases. Results similar to those reported by Galston 

and Dalberg were reported by Katsumi and Sano (1968) which indicated 

an inverse relationship between IAA-induced elongation and the 

activity of IAA-oxidase in the seedlings of light-grown cucumbers. 

Pilet and Dubouchet (1961) determined that maximum growth in the 

coleoptiles of wheat occurred in the zone where enzymatic degradation 

of auxin was the least. 

The relationship between growth regulators and peroxidases 

has been investigated by a number of authors. A general conclusion 

arrived at by most investigators is that IAA is oxidized by 

peroxidases (Van Overbeek 1935^ 1938> Ray 19^0; Stebbins and Gupta 

1969; Penon et £•.. 1970)* The peroxidase system appears to be an 

inducible system at certain concentrations of IAA (Galston and Dalberg 

195l0) and a repressible system at high concentrations of IAA (Galston 

1967). Induction of the peroxidase system by gibberellic acid has 

been demonstrated by McCune and Galston (1959) and Harmey and Murry 

(1968). 

Variations in peroxidases have been noted for genetic 

variants of the same species. Buttery and Buzzell (1968) investi

gated peroxidases in two varieties of soybeans and found that between 

the two groups, the peroxidases appeared to be qualitatively 
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identical, but quantitatively different. Evans (1968) reported no 

qualitative differences "between dwarf and normal tomato peroxidases, 

"but peroxidase activity was greater in the dwarf. 

Electrophoretic separation of peroxidase isoenzymes from 

dwarf mutants in maize into six distinct hands was reported by McCune 

(l96l). Stuber and Levings (1969) found eight bands from coleoptiles 

of Avena, while Penon et al. (1970) found seven peroxidase bands 

associated with lentil root ribosomes. 

Growth in plants which is mediated and regulated by growth 

hormones is dependent upon the availability of metabolic energy 

(Bonner 1933> 1936, 19^9) derived from aerobic respiration. 

Inhibitors of aerobic respiration also inhibit elongation of cells 

treated with IAA. French and Beevers (1953) found that concentrations 

of IAA that promoted growth also promoted aerobic respiration. They 

also determined that the increased C02 given off during the experiment 

was not due to increased oxidation of IAA. When Avena coleoptiles 

were treated with 10 mg/l IAA, a 28-^0$ increase in oxygen uptake over 

the controls was noted (Berger, Smith, and Avery 19^6). Respiration 

intensity decreased and the RQ increased in tissues deprived of 

oxygen (Kandler 1950). When the aerobic respiration rate of leaf 

material of the maize stature mutant dwarf-1 was determined, it was 

found that it had a lower RQ than its normal sib, but had a greater 

per cent of respiration than the normal (Rahman and Brown 1956). No 

difference in anerobic respiration or COg production could be. found. 



The relationship between dwarfing and protein synthesis is 

not clear at the present time. Some work has teen done concerning the 

influence of IAA on the rate of protein synthesis in a few plants. 

Boroughs and Bonner (1953) worked with corn and found essentially no 

change in protein level over the six-hour experimental period whether 

the tissue was in the presence or absence of added auxin. In "bean 

germ-axes, added IAA. evoked a net synthesis of RNA, "but only a very 

slight increase in protein content (izawa 1961). Early evidence 

indicates that protein is not produced "by IAA, "but rather IAA is 

bound to the protein and is localized in the non-particulate 

fraction of the cell (Siegel and Galston 1953)* Later work by Datta 

and Sen (1965), and Roychoudhury, Datta, and Sen (1965) indicates that 

auxin stimulates the uptake of labeled amino acids and their 

incorporation into the nuclear protein fraction. Nooden and Thimann 

(1966) have shown that auxin-induced cell expansion is dependent on 

one or more proteins and have implied that protein production must 

occur at the same time as cell expansion. 

The effects of IAA. on the production of UNA in plants were 

reported by a number of authors. In most cases, IAA has been shown 

to increase the amount of RNA in the cell. Pilet and Braun (1967) 

were able to show that treatment of lentil roots with IAA increased 

the level of RNA by Uo$. Masu&a, Tanimoto, and Wada (1967) indicate 

that auxin stimulates the synthesis of m-RNA but not t-RNA or r-KNA 

and studies by other authors (Coartney, Morre, and Key 1967; Nooden 

1968) support this conclusion. In excised soybean hypocotyl tissue 



treated with auxin, there was an increase in RNA which occurred 

primarily in r-RNA along with a two-fold increase in all RHA fractions 

(Key and Shannon 196k). Increases in r-RNA were also found in pea 

epicotyls "by Ts'o and Sato (1959) and in Avena coleoptiles by 

Hamilton et al. (1965). 

Evidence has "been put forth that IAA "brings about a 

stabilization of RNA (Bendana and Galston 19^5 j Kaur-Sawhney, Bara, 

and Galston 1967) by decreasing the amount of RNase activity 

(Truelsen 19^7). 

Tissues examined without having been treated with growth 

regulators showed a general decrease in RNA content as the tissue 

aged. This appeared to be the case in Mimosa (Brown 1969) > cucumber, 

tomato, cowpea, common bean, and tobacco (Lindner, Kirkpatrick, and 

Weeks 1956), and in peas (Smillie and Krotkov 1961). Woodstock and 

Skoog (i960, 1962) showed a direct proportional relationship between 

the amount of RNA and the rate of growth. 



MATERIALS AND METHODS 

Source of the Mutant 

Seeds of the maize stature mutant nana-1 were obtained from 

Dr. B. 0. Fhinney of the University of California at Los Angeles. 

These were from open pollinated stocks and segregated approximately 

five normal to one mutant. Nana-1, a spontaneous mutant, was first 

described by Li (1933)• 

Water Culturing Methods 

Seeds of normal and nana-1 maize were surface sterilized for 

ten minutes in a five per cent solution of commercial sodium 

hypochlorite, Clorox. They were then rinsed in distilled water and 

allowed to imbibe distilled water for 16 hours at room temperature. 

The seeds were placed in a row, embryo up, along each edge 

of a hardware cloth germination rack, which was approximately three 

centimeters wide and twenty centimeters long. The germination racks 

were assembled by attaching the hardware cloth to small wooden 

blocks and dipping the entire assemblage into paraffin. These were 

allowed to harden. Each rack was then covered with two layers of 

cheese cloth. The cheese cloth was allowed to hang from the 

hardware cloth rack and act as a wick when in contact with water. 

8 



Four such arrangements were placed into each germination 

tray. Distilled water was added tmtil the water level was even with 

the "bottom of the hardware cloth. Each germination tray was covered 

with a glass plate which had been wrapped with red cellophane paper. 

The cellophane was obtained from Wards Scientific Supply of Monterey, 

California. 

The germination trays containing the seeds were placed in 

growth chambers where they received four hours of light per day at a 

constant temperature of 2f° + 2° C. 

Greenhouse Culturing Methods 

In studies which involved longer periods of growth, greenhouse 

facilities were used. The temperature was 30° t 3° C with relative 

humidity no lower than 65$. 

The seeds were planted, embryo up, in germination trays 

containing vermiculite. The trays were 50 cm long, 30 cm wide, and 

8 cm deep. The seeds were covered with vermiculite and kept moist 

throughout the growth period. 



SEEDLING ELONGATION STUDIES 

Treatment of Intact Seedling vlth IAA 

Seeds of "both nana-1 and normal vere treated as described in 

Greenhouse Culturing Methods. Twenty one trays of plants were used. 

Three days after germination, the dwarfs (nana-1) were marked for 

later identification. Treatment "began at that time. Groups of three 

trays were treated daily for seven days "by spraying with indoleacetic 

acid (California Biochemical Corporation) in concentrations of 0.1 

mg/l, 0.2 mg/l, O.k rag/l, 0.6 mg/l, 0.8 mg/l, and 1.0 mg/l. Three 

trays of plants were used as control units and sprayed with 

distilled water. Each of the indoleacetic acid (IAA) concentrations 

and the distilled water used for spraying contained ten drops of the 

wetting agent, Tween 80 for each 100 ml of solution. The solutions 

were sprayed on the whole plant using dichlorodifluoromsthane 

(nutritional Biochemical Corporation) in aerosol form as a power 

source. 

At the end of seven days of treatment, the plants were 

measured from the coleoptilar node to the tip of the longest leaf. 

The measurements were analyzed and plotted as populations. 

Statistical analysis of variance was applied to the measurements 

"by the University of Arizona Agricultural Experiment Station. 

10 



Results of Treatment of Intact Seedling 

Differences "between nana-1 and its normal sib were greatly-

amplified when the entire plant was treated with the various 

concentrations of indoleacetic acid (Tables 1 and 2 and Figure l). 

In each treatment with IM, there was a significant increase 

in growth over the control due to the treatment. This was true for 

"both the dwarf and the normal maize. In no case, however, was the 

growth of the treated dwarf greater than the growth of the untreated 

normal. 

When the two classes, dwarfs and normal, were combined as one 

treatment group, the growth was significantly greater than the control 

normal (Table 3 and Figure 2). 

By examining the response of each class to IM separately, no 

significant interaction could be determined. Association of the 

dwarf and normal in a common response group did not change or 

influence the individual response curves for either the dwarf or the 

normal (Table 2 and Figure 3)» 
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Table 1 

Least-squares means and standard error for nana-1 and normal whole 
plants treated with IAA. 

Treatment Number of Least-squares Standard 
Class IAA mg/l Observations Means Error 

normal 0.2 127 26.354 .387 
normal 0.4 132 27.198 .380 
Normal 0.6 196 23.426 .312 
Normal 0.8 149 26.435 .358 
Normal Control 181 19.519 .325 
Nana-1 0.2 11 17.473 1.317 
Nana-1 0.4 11 20.173 1.317 
Nana-1 0.6 13 15.669 1.211 
Nana-1 0.8 9 14.300 1.029 
Nana-1 Control 18 14.300 1.029 

Table 2 

Least-squares analysis of variance for nana-1 and normal "whole plants 
treated with IAA. 

Degrees of Sum of Mean 
Source Freedom Squares Squares P Gk 

Total 847 27591.700 
6i.oo4 Total Reduction 10 11632.048 1163.205 6i.oo4 

Class 1 3062.937 3062.937 160.634 .05 
Treatment 4 1466.721 366.680 19.230 .05 
Class x Treatment 4 113.052 28.263 1.482 .05 

Tabular 

3.86 
2.40 
2.4o 

Table 3 

Least-squares means of combined classes of nana-1 and normal whole 
plants treated with IAA. 

Treatment With IAA mg/l Least-squares Mean 

0.2 21.914 
0.4 23.686 
0.6 19-547 
0.8 22.145 

Control 16.910 



Figure 1. Populations of normal and nana^-1 maize whole plants treated with various 
concentrations of IAA. Range and mean plus and minus two times the standard error are 
indicated. 
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Figure 3« Growth response cvirves for normal and nana-1 
•whole plant populations. Normal populations are denoted 
"by ————— o ————— ; nana-1 populations are denoted 
by — — — o —.  
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Treatment of Coleoptile Sections with IflA 

Seeds of both nana-1 and normal maize were treated as 

described in Water Culturing Methods. Four days after germination, 

the coleoptiles of "both nana-1 and normal were harvested for use. 

The coleoptiles of "both nana-1 and normal were harvested as 

five millimeter sections and separated into two groups. One group 

included the tip and the other group was excised three millimeters 

behind the tip. Each group was placed in 1.0 ml of IAA concentrations 

of 0.1 mg/l, 0.2 mg/l, 0.4 mg/l, 0.6 mg/l, 0.8 mg/l, and 1.0 mg/l 

buffered with citric acid phosphate buffer at pH 5.0. Two per cent 

surcose was present in the buffer. Intact plants with five millimeter 

sections marked with India ink three millimeters below the tip were 

maintained as a control group. A second control group was marked five 

millimeters below the tip, and a third group was treated as sections 

and rotated in buffer and sucrose. 

The tubes containing coleoptile sections and IAA. were placed 

on a Scientific Industries multipurpose rotator Model 150 and 

allowed to rotate for a period of 20 hours. Light and temperature 

conditions were the same as those used during germination of the 

seeds. At the end of 20 hours, the sections were removed and 

measured using a calibrated dissecting microscope and the results 

were statistically analysed. 

Results of Treatment of Sections with Tips with IAA 

The growth response of both the normal and dwarf coleoptiles 

treated with IAA showed a significant increase in growth over the 



intact control groups while showing no significant increase or de

crease in growth over the control group treated as sections (Table h 

and Figure U). 

Results of Treatment of Decapitated Sections with IAA 

All decapitated sections of "both normal and nana-1 maize 

when treated with IAA showed an increase in growth over the intact 

dwarf controls. Except for dwarf treatments receiving 0.1 mg/l and 

O.h mg/l, and the normal receiving O.ij- mg/l, all other treatments 

showed a significant increase in growth over the intact normal 

control (Table 5 and Figure 5)» 

There was no significant difference "between the intact dwarf 

controls and the dwarf control sections. There was a significant 

increase in growth over the intact dwarf control by the normal 

control sections. 
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Table 4 

Analysis of five millimeter coleoptile sections, including tips, 
treated with various concentrations of IAA for twenty hours. The t 
value A is the treated plants compared to the intact normal; B is the 
treated plants compared to the intact dwarf. The level of significance 
is 0.05. The asterisk indicates a significant difference. 

rag/l Number of Standard t Value t Value 
Class IAA Sections Mean Error A B 

Normal 0.1 5 7-8 • 354 4.21* 6.98* 

Dwarf 0.1 5 8.1 • 3^3 4.97* 8.05* 

Normal 0.2 5 8.6 .270 4.57* 11.96* 

Dwarf 0.2 5 7.9 • 354 3.04* 7.26* 

Normal 0.4 5 9.0 • 473 5.64* 9.87* 

Dwarf 0.4 5 7-5 .295 3.94* 7.33* 

Normal 0.6 5 8.6 • 354 5.99* 9.22* 

Dwarf 0.6 5 8.2 .589 3.53* 4.90* 

Normal 0.8 5 8.6 .576 4.22* 5.70* 

Dwarf 0.8 5 8.2 • 391 4.78* 7.34* 

Normal 1.0 5 9.2 •
 

VJ
l H
 

00
 

5.61* 7.49* 

Dwarf 1.0 5 7.4 .302 3.65* 6.84* 

Normal Control Intact 5 5.9 • 279 .00 2.11* 

Dwarf Control Intact 5 5.3 .054 2.11* .00 

Normal Control Sections 5 8.5 .500 4.54* 6.36* 

Dwarf Control Sections 5 7.8 .442 3.64* 5.62* 



Figure Distribution of populations of five millimeter maize coleoptile sections with 
tips, treated for twenty hours with various concentrations of IAA. The range and mean 
plus and minus two times the standard error are indicated. indicates intact plants 
and Cg indicates sections rotated in citric acid phosphate buffer. 
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Figure 4. Distribution of populations of five millimeter maize coleoptile sections 
with tips, treated for twenty hours with various concentrations of IAA. 



Table 5 

Analysis of five millimeter coleoptile sections, without tips, treated 
with various concentrations of IAA for twenty hours. The t value A 
is the treated plants compared to the intact normal; B is the treated 
plants compared to the intact dwarf. The level of significance is 
0.05. The asterisk indicates a significant difference. 

mg/l Number of Standard t Value t Value 
Class IAA Sections Mean Error A B 

Normal 0.1 5 11.2 .95 3.73* 5.26* 

Dwarf 0.1 5 8.1* .32 2.1k 6.1*7* 

Normal 0.2 5 9-1 .38 3.**0* 7-^3* 

Dwarf 0.2 5 9.3 .3^ 4.18* 8.6l* 

Normal 0.1* 5 8.1* .76 1.11 2.88* 

Dwarf 0.1* 5 8.1 .57 0.95 3.27* 

Normal 0.6 5 12.9 .78 6.51* 8.73* 

Dwarf 0.6 5 11.6 .98 k.05* 5.1*5* 

Normal 0.8 5 10.6 1.11 2.71* i*.oo* 

Dwarf 0.8 5 9.2 .65 2.1*3* i*. 1*8* 

Normal 1.0 5 9.9 • 55 3.93* 6.60* 

Dwarf 1.0 5 9.7 .92 2.28* 3.76* 

Normal Control Intact 10 7-5 .27 0.00 1*.1*8* 

Dwarf Control Intact 10 6.2 .11 1*.1*8* 0.00 

Normal Control Sections 10 8.3 • ̂7 1.1*8 l*.37 

Dwarf Control Sections 8 6.5 .1*2 2.00 0.70 



Figure 5« Distribution of populations of five millimeter maize coleoptile sections without 
tips, treated for twenty hours with various concentrations of IAA. The range and mean plus 
and minus tvro times the standard error are indicated. indicates intact plants and Cq 
indicates sections rotated in citric acid phosphate "buffer. 
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Treatment of Coleoptile Sections with Tryptophan 

Seeds of "both nana-1 and normal maize were treated as 

described in Water Culturing Methods. Pour days after germination, 

the coleoptiles were harvested for use. 

The coleoptile sections treated with tryptophan were five 

millimeters in length including the tip. The coleoptiles of "both 

dwarf and normal were separated and placed in 1.0 ml of tryptophan 

concentrations of 0.1 mg/l, 0.2 mg/l, O.if mg/l, 0.6 mg/l, 0.8 mg/l, 

and 1.0 mg/l "buffered with citric acid phosphate buffer at pH 5*0. 

Two per cent sucrose was present in the buffer. Intact plants with 

five millimeter sections including the tip, were marked with India 

ink and maintained as a control group. 

Sections were rotated and measured as were those treated 

with IAA. The results were statistically analyzed. 

Results of Treatment of Sections with Tips with Tryptophan 

Statistical analysis of populations of dwarf and normal 

coleoptiles treated with tryptophan showed no significant response 

over the intact plants or sections treated with "buffer (Table 6 and 

Figure 6). The only exception consisted of the normal coleoptiles 

treated with tryptophan at a concentration of 0.1 mg/l. The growth 

of that group was significantly lower than the intact normal group. 

The "t" values for the groups, when compared to the intact normal, 

ranged from 0.0 to 2.21. 



When the response of the various groups was compared to the 

intact dwarf controls, no significant difference was discerned. 

The "t" values ranged from 0.26l to 2.12. 



Table 6 

Analysis of five millimeter coleoptile sections, including tips, 
treated with various concentrations of tryptophan for twenty hours. 
The t value A is the treated plants compared to the intact normal; 
B is the treated plants compared to the intact dwarf. The level of 
significance is 0.05. The asterisk indicates a significant difference. 

Class 
mg/l 

Tryptophan 
Number 
Sections Mean 

Standard 
Error 

t Value 
A 

t Value 
B 

Normal 0.1 5 6.7 .13^ 2.21* .36 

Dwarf 0.1 5 8.1 .338 •73 1.23 

Normal 0.2 5 7.9 

IT
S CO l/
N 

• .28 .89 

Dwarf 0.2 5 8.0 .75^ .35 .89 

Normal o.i* 5 7.7 .589 .00 .69 

Dwarf O.if 5 8.2 • vo
 
0
 

• 77 1.25 

Normal 0.6 5 8.3 .5^9 .86 1.30 

Dwarf 0.6 5 7.3 .25^ .Uk .26 

Normal 0.8 5 8.li- .^73 1.10 l.fc7 

Dwarf 0.8 5 9.2 .638 1.95 2.12 

Normal 1.0 5 8.6 • 395 1.5^ 1.75 

Dwarf 1.0 5 8.1t .450 1.12 1.50 

Normal Control Intact 11 7.7 .^31 .00 •75 

Dwarf Control Intact 9 7.0 .261 .75 .00 

Normal Control Sections 5 8.8 .571 1.5^ 1.80 

Dwarf Control Sections 5 7.5 .300 .38 .57 
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Treatment of Coleoptile Sections with Tryptamine 

Seeds of both nana-1 and normal maize were treated as 

described in Water Culturing Methods. Four days after germination, 

the coleoptiles of both nana-1 and normal were harvested for use. 

The coleoptiles of both nana-1 and normal were harvested as 

five millimeter sections and separated into two groups. One group 

included the tip and the other group was excised three millimeters 

behind the tip. Each group was placed in 1.0 ml of tryptamine 

concentrations of 0.1 mg/l, 0.2 mg/l, O.U rog/l, 0.6 mg/l, 0.8 rag/l, and 

1.0 mg/l buffered with citric acid phosphate buffer at pH 5*0. Two 

per cent sucrose was present in the buffer. Intact plants with five 

millimeter sections marked with India ink three millimeters below 

the tip were maintained as a control group. A second control group 

was marked five millimeters below the tip, and a third group was 

treated as sections and rotated in buffer and sucrose. 

The tubes containing coleoptiles and tryptamine were placed on 

a rotator for 20 hours. Light and temperature conditions were the 

same as those used during germination of the seeds. At the end of 20 

hours, the coleoptiles were removed and measured using a calibrated 

dissecting microscope and the results statistically analyzed. 

Results of Treatment Sections with Tips with Tryptamine 

When treated with tryptamine and compared to the intact plants, 

both the dwarf and the normal showed an increase in growth in all 

concentration classes (Table ^ and Figure 7)« The increased growth 



was significantly higher in the experimental populations than was the 

growth of comparable sections of intact control coleoptiles. When 

each experimental group was compared to the sectioned control groups, 

there was no significant increase in growth (Figure 7). 

Results of Treatment of Decapitated Sections with Tryptamine 

Treatment of decapitated coleoptiles with tryptamine 

increased the growth of "both the normal and the dwarf over that of 

comparable sections on the intact seedling. The increase in growth 

occurred in all concentrations of tryptamine tested with the 

exception of the dwarf treated with 0.1 and 0.^ mg/l (Table 8 and 

Figure 8). There was no significant increase in growth over the 

sections treated only with "buffer except for the normal coleoptiles 

treated with 0.8 mg/l of tryptamine. 
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Table 7 

Analysis of five millimeter coleoptile sections, including tips, 
treated with various concentrations of tryptamine for twenty hours. 
The t value A is the treated plants compared to the intact normal; 
B is the treated plants compared to the intact dwarf. The level of 
significance is 0.05. The asterisk indicates a significant difference. 

Class 
mg/l 

Tryptamine 
Number of 
Sections Mean 

Standard 
Error 

t Value 
A 

t Value 
B 

Normal 0.1 5 8.8 .322 6.8l* 10.70* 

Dwarf 0.1 5 8.0 .250 5.60* 10.51* 

Normal 0.2 5 8.U- .052 8.77* 40.26* 

Dwarf 0.2 5 7.1 .059 4.21* 23.38* 

Normal 0.4 5 8.0 .415 4.20* 6.46* 

Dwarf 0.4 5 7.3 .221 3.93* 8.77* 

Normal 0.6 5 7.9 .369 4.32* 6.97* 

Dwarf 0.6 5 7.8 .571 2.99* 4.36* 

Normal 0.8 5 8.6 .521 4.52* 6.23* 

Dwarf 0.8 5 7.7 .182 5. in* 12.63* 

Normal 1.0 5 8.6 .286 6.75* 11.30* 

Dwarf 1.0 5 7.7 .20k 5.20* 11.32* 

Normal Control Intact 5 5.9 .279 .00 2.11 

Dwarf Control Intact 5 5.3 .054 2.11 .00 

Normal Control Sections 5 8.5 .500 4.5^* 6.36* 

Dwarf Control Sections 5 7.8 .442 3.64* 5.62* 



Figure 7. Distribution of populations of five millimeter maize coleoptile sections with 
tips treated for twenty hours with various concentrations of trypteanine. The range and 
mean plus and minus two times the standard error are indicated. indicates intact 
plants and Cg indicates sections rotated in citric acid phosphate buffer. 
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Table 8 

Analysis of five millimeter coleoptile sections, without tips, treated 
vith various concentrations of tryptamine for twenty hours. The t 
value A is the treated plants compared to the intact normal; B is the 
treated plants compared to the intact dwarf. The level of 
significance is 0.05. The asterisk indicates a significant difference. 

mg/l Number of Standard t Value t Value 
Class Tryptamine Sections Mean Error A B 

normal 0.1 5 8.0 • 350 ^.35* 6.12* 

Dwarf 0.1 5 6.8 .250 1.80 3.91* 

Normal 0.2 5 7.6 .011 6.39* 11.36* 

Dwarf 0.2 5 7.6 .320 3.62* 5.1*8* 

Normal o.i* 5 8.0 .1*59 3.5U* if. 88* 

Dwarf o.i* 5 6.7 .162 1.81* 4.60* 

formal 0.6 5 8.1 

VO ON CVJ • 5.15* 7.83* 

Dwarf 0.6 5 7.0 .169 3.69* 5.71* 

Normal 0.8 5 9.1 .35^ 6.97* 8.86* 

Dwarf 0.8 5 7.7 .1*20 6.70* 11.51** 

Normal 1.0 5 7.9 .218 5.1*8* 7.1*2* 

Dwarf 1.0 5 7.^ .282 3.35* 5.03* 

Normal Control Intact 5 6.2 .218 .00 2.1b 

Dwarf Control Intact 5 5.6 .175 2.11* .00 

Normal Control Sections 5 7.0 .1*50 1.60 2.90 

Dwarf Control Sections 5 6.6 .259 1.18 3.19* 



Figure 8. Distribution of populations of five millimeter maize coleoptile sections without 
tips, treated for twenty hours "with various concentrations of tryptamine. The range and 
mean plus and minus two times the standard error are indicated. indicates intact plants 
artfl Cg indicates sections rotated in citric acid phosphate buffer. 
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Treatment of Intact Coleoptiles and Mesocotyls 

In a number of the experiments reported in the previous 

sections of this study, control sections of coleoptiles with tips 

placed in citric acid buffer showed an increase in elongation over 

comparable sections on intact coleoptiles. 

Because of a possible growth enhancement by citric acid 

(Figures 7 and 8), it was desirable to determine the effect of 

soaking the kernels and growing the seedlings of nana-1 and normal in 

citric acid, pyruvic acid, and various concentrations of tryptamine 

and tryptophan. 

The corn was soaked following the procedure of Homan and 

Harris (1965). Two hundred kernels of nana-1 and two hundred kernels 

of normal maize were soaked for 16 hours in 200 ml of either 

tryptamine hydrochloride, tryptophan, citric acid, or pyruvic acid 

prior to germination in the same medium. Concentrations of 0.2 mg/l, 

0.^ mg/l, 0.6 mg/l, and 0.8 mg/l of tryptamine and tryptophan were 

prepared using Sorensen,s phosphate-phosphate buffer, pH 5*0; as a 

diluent. The concentrations of citric acid and pyruvic acid were 

mp 
10 M. A control group was soaked for the same period of time in 

distilled water. 

The seeds were laid out to be germinated as previously 

described in Water Culturing Methods. During germination, the 

germinating seedlings were exposed to low intensity red light for 
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one hour per day. Four days after germination, the seedlings were 

measured for length of mesocotyl, length of coleoptile, and total 

length of the shoot axis. 

Results of Treatment of Intact Coleoptiles and Mesocotyls 

The results of growing the seeds of nana-1 and normal maize 

in distilled water (control), citric acid, pyruvic acid, various 

concentrations of tryptamine, and various concentrations of 

tryptophan were measured in three parts: mesocotyl length (Table 9)> 

coleoptile length (Table 10), and the total length of the seedling 

axis (Table 11). 

The control population was made up of single populations of 

mesocotyls, coleoptiles, and complete seedlings. The results were 

treated as populations because of an overlap in stature of dwarf 

and normal seedlings. 

Pyruvic acid: Populations treated with 10"^ pyruvic acid 

produced the most uniformly short groups. None of the complete seed

lings were longer than 33 mm in length. Pyruvic acid also produced 

the highest concentration of individuals in one segment group, 76$ 

of the complete seedlings in the 8-12 mm bracket. In the longer 

categories, the per cent of seedlings decreased rapidly. When 

compared to the control group, an inhibitory affect of pyruvic acid 

was noted. 

Citric acid: Treatment with citric acid produced a 

significant increase in growth in both the mesocotyl segments and the 

coleoptile segments as compared to the control group. 



0.2 mg/l tryptamine: Seedlings, mesocotyls, and coleoptiles 

which developed from seeds treated with 0.2 mg/l tryptamine exhibited 

a significant increase in growth over the control, seedlings treated 

with pyruvic acid, and seedlings treated with citric acid. 

OA mg/l tryptamine: Treatment with 0.U mg/l tryptamine 

produced a significant increase in mesocotyl length over seedlings 

treated with pyruvic acid and those treated with citric acid. There 

was no significant difference between the treated mesocotyls and the 

control. Coleoptile growth showed a significant increase over the 

control group, citric acid treatment, and the pyruvic acid treatment. 

These differences were reflected in the entire seedling. 

0.6  mg/l tryptamine: Mesocotyl segments treated with 0.6  

mg/l tryptamine showed a significant increase in growth over the 

control, the citric acid treatment, and the 0.2 mg/l tryptamine 

treatment. Coleoptile segments were significantly longer than those 

from seeds treated with pyruvic acid and citric acid. 

0.8  mg/l tryptamine: Seeds treated with 0.8  mg/l tryptamine 

produced mesocotyl segments which were significantly longer than those 

treated with citric acid. Coleoptile segments were significantly 

longer than those treated with pyruvic acid or citric acid. 

0.2 mg/l tiyptophan: The 0.2 mg/l tryptophan group showed a 

significant increase in the mesocotyl segments when compared to seed

lings treated as the control group, treated with pyruvic acid, citric 

acid, or 0.6 mg/l tryptamine. Coleoptile segments of this group 

showed a significant increase only over those treated with pyruvic 

acid and citric acid. 
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0,k mg/l tryptophan: Mesocotyl segments of seedlings treated 

with O.U mg/l tryptophan showed a significant increase only over those 

treated with citric acid. Coleoptile segments exhibited a significant 

increase over the control, pyruvic acid treatment, and the citric 

acid treatment. 

0.6 mg/l tryptophan: Mesocotyls from the 0.6 mg/l tryptophan 

*; . 
treatment group were similar to those of 0.2 mg/l tryptophan in 

showing a significant increase in growth over the control, pyruvic 

acid treatment, citric acid treatment, and 0.6 mg/l tryptamine 

treatment. The coleoptile segments were significantly longer than 

those of the control, pyruvic acid, and citric acid treatment. 

0.8 mg/l tryptophan: Seeds treated with 0.8 mg/l 

tryptophan produced mesocotyls which were significantly longer than 

those from seeds treated with pyruvic acid or citric acid. 

Coleoptile segments exhibited a significant increase in length over 

the control group, pyruvic acid treatment, and the citric acid 

treatment group. 

In each of the cases cited above, a significant increase in 

the mesocotyl and coleoptile was reflected in a significant increase 

in length of the entire seedling. 



Table 9 

Percentage of distribution of mesocotyl segments from corn segregating nana-1 and normal, soaked and 
germinated in various concentrations of tryptamine and tryptophan, 10"2 m citric acid and pyruvic 
acid, and distilled water, a indicates a significant difference from control; b from pyruvic acid; 
c from citric acid; d from 0.2 mg/l tryptamine; and f from 0.6 mg/l tryptamine. All other combinations 
are not significant. 

Length of Mesocotyl Segments (ram) 
Treatment With Frequency Expressed as Per Cent of Population 

1-3 4-6 7-9 10-12 13-15 16-18 19-21 22-24 25-27 Significance 

Control 
Pyruvic 
Citric I 

29 23 21 8 11 5 2 1 
Acid 59 18 18 6 
Lcid IT 29 33 11 3 

8 
a b 

. Tryptamine 13 13 10 25 17 2 8 10 3 a b c 

. Tryptamine 9 23 23 15 18 9 3 6 b c 

. Tryptamine 26 24 19 10 7 19 2 5 a c d 

. Tryptamine 14 10 24 21 10 10 3 3 3 c 

. Tryptophan 10 13 16 23 29 7 3 a b c 

. Tryptophan 17 10 23 20 3 3 3 c 

. Tryptophan 6 17 3^ IT 17 4 2 2 a b c 

. Tryptophan 13 13 29 25 17 4 b c 
f 



Table 10 

Percentage of distribution of coleoptile segments from corn segregating nana-1 and normal, soaked and 
germinated in various concentrations of tryptamine and tryptophan, 10~* M citric acid and pyruvic 
acid, and distilled water, a indicates a significant difference from the control; b from pyruvic 
acid; and c from citric acid. All other combinations are not significant. 

Length of Coleoptile Segments (mm) 
Treatment With Frequency Expressed as Per Cent of Population 

k-6 7-9 10-12 13-15 16-18 19-21 22-2^ 25-27 28-30 31-33 3^-36 Significance 

Control 
Pyruvic Acid 35 53 12 a 
Citric Acid 15 38 30 5 3 2 a b 

a b c 
a b c 
b c 
b c 
b c 
a b c 
a b c 
a b c 

11 ho 2k 11 7 3 k 1 
Acid 35 53 12 
icid 15 38 30 5 3 2 
. Tryptamine 20 22 13 15 10 0 5 10 
. Tryptamine 18 26 12 9 12 6 12 6 
. Tryptamine 5 2k 36 10 12 10 7 7 2 
. Tryptamine 3 17 31 14 10 17 3 
. Tryptophan 3 26 16 7 16 16 7 3 7 
. Tryptophan 17 23 10 20 3 3 10 13 
. Tryptophan 2 23 13 21 11 11 9 6 4 
. Tryptophan k 17 21 17 9 9 13 k 9 



Table 11 

Percentage of distribution of entire seedlings from corn segregating nana-1 and normal, soaked and 
germinated in various concentrations of tryptamine and tryptophan, 10~2 M citric acid and pyruvic 
acid, and distilled water, a indicates a significant difference from control; b from pyruvic acid; 
c from citric acidj and d from 0.2 mg/l tryptamine. All other combinations are not significant. 

Total Length of Seedling (mm) 
Treatment With Frequency Expressed as Per Cent of Population 

8-12 13-17 18-22 23-27 28-32 33-37 38-^2 b3-kf 1*8-52 53-57 58-63 Significance 

Control 
Pyruvic Acid 
Citric Acid 
0.2 mg/l Tryptamine 
O.b mg/l Tryptamine 
0.6 mg/l Tryptamine 
0.8 mg/l Tryptamine 
0.2 mg/l Tryptophan 
O.k mg/l Tryptophan 
0.6 mg/l Tryptophan 
0.8 mg/l Tryptophan 

37 23 17 7 9 2 3 1 k 
76 12 6 3 3 
27 35 20 8 2 1 a b 
10 20 5 17 17 10 5 8 0 8 a b c 
12 18 15 12 12 9 9 12 a b c 
17 36 17 5 10 12 12 0 5 0 3 b e d  
3 17 35 7 Ik 7 lb 3 a b c 

16 13 7 19 19 20 10 3 a b c 

7 23 13 17 10 7 17 3 a b c 
6 21 17 21 13 6 6 6 l a b c 
k 25 21 13 9 17 9 4 a b c 



PEROXIDASE STUDIES 

Electrophoresis of Peroxidases 

Normal and nana-l seedlings vere grovn under conditions as 

described under Water Culturing Methods, except the seeds vere soaked 

for 16 hours in the different concentrations of IAA. The rest of the 

procedure remained unchanged. 

Peroxidase proteins vere extracted from four-day old 

mesocotyls as described by Farkas and Stahmann (1966). Using the 

technique of Davis (196*0, 20 jjI of extract vere used for 

electrophoretic separation on each polyacrylamicle gel. The direct 

current applied to the gels vas three milliamps per tube. 

Following the electrophoretic separation of the isoenzymes, 

the gels vere incubated in 0.25$ guaiacol for 30 minutes followed "by 

incubation in 0.3$ hydrogen peroxide for 15 minutes. After the gels 

had incubated the prescribed period of time, they vere photographed 

with a Polaroid camera. The gels vere then scanned on a Gilford 

2hO spectrophomater at the following settings: wave length = U90 mjz, 

maximum optical density = 1.200, ratio = 0.1, slit = 0.2 x 2.36, and 

the drive = ^ centimeters per second. The scannings vere recorded by 

a Heath Servo-Recorder, Model EUW-20 A, set at 100 mV at 15 seconds 

per inch. 
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In each experiment, the number of mesocotyl sections was 

kept constant and the fresh weight of each dwarf and normal pair 

was equal. This experiment was repeated three times with comparable 

results. 

Results of Electrophoresis of Peroxidases 

Electrophoretic handing patterns of peroxidase isoenzymes 

of "both nana-1 and normal mesocotyls showed no differences between 

treatments with IAA and the untreated tissue. The zymogram 

(Figure 9) shows three primary bands and five secondary or 

diffused bands. Tables 12 and 13 show the amount of tissue and 

number of mesocotyls used for each concentration of IAA. The gel 

number is indicated and is read .in conjunction with Figure 9. 

There is no shift in the banding pattern regardless of the 

concentration of IAA used for treatment or the number of mesocotyls 

treated. The control group, which was allowed to imbibe distilled 

water, showed the same banding pattern as the treated groups. 

The scanning patterns from the spectrophotometer also in

dicated no differences in position or concentration of the various 

isoenzymes. 



Table 12 

Mesocotyl tissues used for peroxidase electrophoresis. Experiment 
number 1. 

IAA Type of Number of Fresh Gel 
Concentration Tissue Mesocotyls Weight Number 

0.2 mg/l Normal 10 .31 m 1 0.2 mg/l 
Dwarf 10 .31 gm 2 

O.k mg/l Normal 10 • 31 gm 3 O.k mg/l 
Dwarf 10 • 31 gm k 

0.6 mg/l Normal 10 .16 gm 5 0.6 mg/l 
Dwarf 10 .16 gm 6 

0.8 mg/l Normal 10 • 31 gm 7 0.8 mg/l 
Dwarf 10 • 31 gm 8 

1.0 mg/l Normal 10 • 31 gm 9 1.0 mg/l 
Dwarf 10 • 31 gm 10 

Control Normal 10 ,2k gm 11 
(Distilled Water) Dwarf 10 •2k gm 12 

Table 13 

Mesocotyl tissues used for peroxidase electrophoresis. Experiment 
number 2. 

IAA Type of Number of Fresh Gel 
Concentration Tissue Mesocotyls Weight Number 

0.2 mg/l Normal 15 • 65 gm 1 0.2 mg/l 
Dwarf 15 .65 gm 2 

0.^ mg/l Normal 15 • 37 gm 3 0.^ mg/l 
Dwarf 15 • 37 gm k 

0.6 mg/l Normal 15 .56 gm 5 0.6 mg/l 
Dwarf 15 .56 gm 6 

0.8 mg/l Normal. 15 ,k2 gm 7 0.8 mg/l 
Dwarf 15 • k2 gm 8 

1.0 mg/l Normal 15 .48 gm 9 1.0 mg/l 
Dwarf 15 .48 gm 10 

Control Normal 15 .29 gm 11 
(Distilled Water) Dwarf 15 .29 gm 12 



1 2 3 4 5 6 7 8 9 10 11 12 
GEL NUMBER 

Figure 9. Peroxidase isozymes of mesocotyl sections from normal and nana-1 
maize treated with 0.2-1.0 mg/l IAA. Gels 1, 3, 7> 9, and 11 were 
produced from normal tissue. Gels 2, *1-, 6, 8, 10, and 12 were produced 
using tissue from nana-1. The primary "bands are numbers 1, 3, and 6» The 
secondary bands are numbers 2, k, 5, 7, and 8. IAA concentrations: Gels 
I and 2 equal 0.2 mg/l, gels 3 and 4 equal O.U mg/l, gels 5 and 6 equal 
0.6 mg/l, gels 7 and 8 equal 0.8 mg/l, gels 9 and 10 equal 1.0 mg/l, gels 
II and 12 equal control units. 



Peroxidase Activity 

The seeds of both nana-1 and normal maize were germinated 

using water culturing techniques as described in Materials and 

Methods. Mesocotyl sections were harvested after four days, and the 

peroxidase activity was examined using the methods of Farkas and 

Stahmann (1966). Protein determination was according to the 

procedure of Lowry et al. (l95l). 

The enzyme assay was carried out using a Bausch and Loumb 

Spectronic 20 spectrophotometer. The peroxidase assay medium 

consisted of 10 ji moles of guaiacol, 20 y. moles of hydrogen peroxide, 

the enzyme extracted from the mesocotyls, and 0.1 M Tris buffer 

(pH 7*5) in three milliliters final volume. The enzyme activity was 

expressed as the change in absorbance over a two minute period. The 

blank consisted of the experimental mixture minus peroxide. 

Results of Peroxidase Activity 

Measurement of the peroxidase activity of nana-1 and normal 

mesocotyl tissue showed essentially no difference (Table 1^ and 

Figure 10). The increase in optical density of the assay medium 

occurred at a steady rate throughout the two minute test period. The 

peroxidase extract from the dwarf showed an initial optical density 

equal to 0.30. The terminal optical density of the dwarf was O.56. 

Corresponding readings for the normal extract were 0.33 initially 

and O.55 terminally. 
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The protein content of the peroxidase extract for the dwarf 

equaled 6.5 rag/ml whereas the normal contained 6.3 mg/ml. Bovine 

serum protein was used as the standard. 

Table 1^ 

Optical density of peroxidase reaction mixture during a two minute 
reaction period. The peroxidase extract is from mesocotyl tissue of 
nana-1 and its normal sib. 

Hormal 

Time in Seconds 0 15 30 h5 60 75 90 105 120 

Optical Density 0.33 0.395 O.lH 0.1*6 0.U8 0.50 O.52 0.5^ 0.55 

Nana-1 

Time in Seconds 0 15 30 ^5 60 75 90 105 120 

Optical Density 0.30 O.38 0.4l 0.^5 0.^7 0.50 0.52 O.55 O.56 



1.0 r 

l 
0 15 30 45 60 75 90 105 120 
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Figure 10. Peroxidase activity expressed as 
degradation of H2O2 by extracts of normal 
(x x) and nana-1 (o— — —o) mesocotyl 
tissue over two minutes. 



RESPIRATION OF COLEOEDILES AND MESOCOTYLS 

The kernels of corn segregating for nana-1 and normal were 

prepared as described in Water Culturing Methods with the following 

modific ations. 

Germination took place in a constant environment Avena room 

at 27° + 2° C and 9Qfjo i jfo relative humidity. Germination trays 

holding approximately 200 seeds were used. The germinating seeds 

were exposed to four hours of red light during each 2k hour 

period. 

After four days, "both nana-1 and normal coleoptiles and 

mesocotyls were harvested. The coleoptiles, averaging 15 mm in 

length, were selected from seedlings whose coleoptiles ranged 

from 12 mm to 18 mm in length. The dwarfs were distinguished from 

the normals by the very short mesocotyl length and the slightly 

flattened coleoptile. Any seedling in which the primary leaf 

had broken through the coleoptile was discarded. 

The coleoptiles and mesocotyls of the dwarf and normal 

seedlings were divided into two groups and examined for oxygen uptake 

and carbon dioxide evolution by manometric techniques using the 

Warburg manometer. The tissues were examined at 27° C in 0.1 M 

Sorenson's phosphate buffer at pH 6. The experiment was repeated 

twice with similar results. 

k6 
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Results of Respiration of Coleoptiles and Mesocotyls 

The respiratory activity of nana-1 and its normal segregate 

was surprisingly quite different in regard to oxygen uptake, COg 

evolution, and respiratory quotient (RQ). The greatest difference 

was in the mesocotyl with little difference being attributed to the 

coleoptile. When a dwarf seedling was morphologically compared to a 

normal one, the most apparent difference was in the lack of 

elongation of the mesocotyl of the dwarf. The coleoptile lengths 

were essentially the same. The respiratory pattern of the dwarf 

and normal reflected this same difference in that the dwarf and normal 

coleoptile showed comparable respiration while that of the mesocotyls 

was different. 

The rate of oxygen uptake over the 30 minute period in the 

dwarf seedling mesocotyl was substantially less when compared to the 

normal seedling mesocotyl. In the second experiment, approximately 

0.25 gm of dwarf mesocotyl tissue was taking up 3-51*- J*1 Og/gm/min, 

whereas approximately 0.5 gm of normal mesocotyl tissue was taking up 

10.02 pi Og/go/min. The dwarf mesocotyl was using less than half the 

amount of Og as the normal mesocotyl (Table 15). 

The difference in COg evolution by the different types of 

mesocotyl tissue showed that 0.2 gm of dwarf mesocotyl tissue produced 

20.Vt- pi COg/gm/min, whereas 0.5 gm of normal mesocotyl tissue 

produced 13*58 /ml COg/gm/min. 

The respiratory quotient for the dwarf mesocotyl tissue was 

3.58 and 1.50 for the normal mesocotyl tissue (Table 15). 
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The difference in the respiratory behavior of the coleoptile 

tissues vas not as great as that shown by the mesocotyls (Table 16). 

But the dwarf and normal coleoptiles did not shov a size'difference 

when observed visually. 

Table 15 

Comparison of oxygen uptake, carbon-dioxide evolution, and respiratory 
quotient for mesocotyl tissue from nana-1 and its normal sib. The 
experimental period was thirty minutes. 

Amount Amount 
of of 

Experiment Tissue pi 02/gm/min Tissue pi COg/gm/min HQ 

1 0.552 gm 1*.1*2 0.662 gm 9.1*1 2.128 
Nana-1 

2 0.251 gm h.o 6 0.205 gm 20. 1*1* 5.03^ 

1 1.797 gm 8.16 1.326 gm 13. b2 1.61*1* 
Normal 

2 0.1*99 gm 10.02 0.5^0 gm 13.58 1.355 

Table 16 

Comparison of oxygen uptake, carbon-dioxide evolution, and respiratory 
quotient for coleoptile tissue from nana-1 and its normal sib. The 
experimental period was thirty minutes. 

Amount Amount 
of 

jil 02/gm/min 
of 

yl COg/gm/min Experiment Tissue jil 02/gm/min Tissue yl COg/gm/min M 

- 1 1.1*73 gm 9.78 1.1*1*0 gm 8.9^ 0.91^ 
Nana-1 

2 0.91*7 gm 12.38 0.935 gm 11.93 0.961* 

1 1.318 gm 9.29 1.936 gm 1*.08 0.1*39 
Normal 

2 0.710 gm 11.1*2 0.753 gm 13.52 1.183 



RADIOACTIVE LEUCINE UPTAKE AND PROTEIN SYNTHESIS 

The rates of protein synthesis and amino acid uptake were 

determined by examining the uptake and incorporation of the amino 

acid leucine which had been labeled with the radioactive isotope 

of hydrogen. 

Kernels of both normal and dwarf maize were germinated as 

described in Water Culturing Methods. The coleoptiles and 

mesocotyls were harvested after four days and divided into 32 

groups. These groups were arranged so that one fourth of the 32 

groups could be analyzed each hour. 

One tenth milliliter of solution containing 100 microcuries 

(jic) of ^H-leucine (New England Nuclear, Lot Number Wt-093) was 

diluted to 3*2 ml with glass distilled water. Each group of tissue 

was placed into a culture tube with 0.1 ml of diluted %-leucine 

added. Each tube contained 3*125 /ic of %-leucine. In addition, 

1.0 ml of O.U mg/l IAA was added to the experimental solution; while 

the control mixture had 1.0 ml of glass distilled water added. 

The 32 tubes were placed on a Scientific Industries 

multipurpose rotator Model 150 and allowed to rotate at room 

temperature, under normal lighting. The groups were arranged as 

follows: (l) dwarf mesocotyl with IM, (2) dwarf mesocotyl without 

IAA, (3) normal mesocotyl with IAA, (^) normal mesocotyl without IAA 

k9 



(5) dwarf coleoptile with IAA, (6) dwarf coleoptile without IAA, (7) 

normal coleoptile with IAA, (8) normal coleoptile without IAA. Each 

pair of tissues, the experimental group and the control group, 

contained an equal number of segments, i.e., 20 dwarf mesocotyls 

treated with IAA and 20 dwarf mesocotyls not treated with IAA. 

At the end of each hour, one replication from each group was 

removed for counting. The tissues were ground, using a motar and 

pestle, in 0.1 ml of 0.05 M phosphate "buffer at pH J.2. 

A 0.1 ml aliquoit was used for counting, following the 

technique of Byfield and Scherbaum (l966) for proteins. The same 

procedure was followed in determining the total uptake into the 

tissues except the entire sample was used for counting. The 

radioactivity in each sample was measured using a Packard Tri-Carb 

Liquid Scintillation Spectrometer Model 3320. The procedure was 

repeated for each of the four hours of treatment. 

Results of Radioactive Leucine Uptake and Protein Synthesis 

The uptake of radioactive leucine, as a measure of protein 

synthesis, was determined on a fresh weight and per segment basis. In 

"both the coleoptile and mesocotyl tissue there was very little 

difference in the results from the two methods of determination. 

The protein fraction as cpm/gm fresh weight of mesocotyl 

tissues showed a greater incorporation of ^-leucine into the 

normal tissue than into the dwarf tissue (Table 17 and Figure 11). 

There was a general and corresponding increase in incorporation 



through the third hour except for the untreated dwarf tissue. In 

three groups, a decrease in incorporation was expressed during the 

fourth hour of incubation. 

In both the dwarf and normal, the general trend of incorpo

ration was the same with no differences "between the treated and the 

untreated tissue, except during the final hour of the untreated dwarf. 

The incorporation of %-leucine taken as cpm per individual 

segment showed the same pattern of results (Table 18 and Figure 12), 

as those determined on a fresh weight basis. 

The re stilts obtained from the protein fraction of the 
) 

coleoptile tissue were similar to those of the mesocotyl tissue 

(Tables 19 and 20, and Figures 13 and 1*0, except that IM treated 

coleoptiles showed a slightly greater incorporation of %-leucine 

than the untreated tissue. In both methods of measuring, cpm/gm 

fresh weight and cpm per segment, the patterns were the same. 

The total uptake of %-leucine measured on a fresh weight 

basis was greater in the dwarf mesocotyl tissue than in the normal 

mesocotyl (Table 21 and Figure 15). There was little difference 

between the treated and the untreated tissue insofar as the general 

trend was concerned. As the period of incubation increased, there 

was a general increase in the amount of ^H-leucine incorporated by 

the tissue. 

When measured on a per segment basis, the total uptake of 

%-leucine into the mesocotyl tissue was not as striking as on the 

fresh weight basis (Table 27 and Figure 16). The pattern followed by 



both nana-1 and normal mesocotyl tissue was essentially the same 

whether treated or untreated. Again, there was a general trend 

toward increased incorporation throughout the period of incubation. 

3 
On a per segment basis, the normal mesocotyl incorporated H-leucine 

at a slightly greater rate at the end of the incubation period than 

did the dwarf mesocotyls. 

Coleoptile tissues showed the same patterns of total incor

poration as the mesocotyls when measured on a fresh weight basis 

(Table 23 and Figure 17), or on a per segment basis (Table 2h and 

Figure 18). 

When the figures were examined and compared, it was 

immediately apparent that the greater amount of uptake of %-leucine 

took place in the mesocotyl tissue. This was true regardless of the 

method of measurement. No great difference between nana-1 and normal 

mesocotyls were found when the total uptake of %-leucine was 

measured. There was an apparent and consistent difference between 

nana-1 and normal mesocotyls when the incorporation of %-leucine 

into the protein fraction was measured. In each case, there was a 

greater incorporation by the normal mesocotyl than by the dwarf in 

both the treated and untreated tissue. 

3 
The same relationship of total uptake of H-leucine and its 

incorporation into the protein fraction held true for the coleoptile 

tissue. 



Table 17 

Uptake of ̂ H-leucine into the protein fraction of nanaJ. and normal maize mesocotyls measured on a 
fresh weight basis. The plus sign designates treatment with IAA., the zero indicates no treatment. 

Treatment Number Counts Per Minute 
With Time of of Fresh Weight Counts Per Per Gram 

Type of Tissue O.U mg/l IAA Incubation Mesocotyls Grams Minute Fresh Weight 

Dwarf Mesocotyl + 1 Hour 
Dwarf Mesocotyl 0 1 Hour 
Normal Mesocotyl + 1 Hour 
Normal Mesocotyl 0 1 Hour 
Dwarf Mesocotyl + 2 Hours 
Dwarf Mesocotyl 0 2 Hours 
Normal Mesocotyl + 2 Hours 
Normal Mesocotyl 0 2 Hours 
Dwarf Mesocotyl + 3 Hours 
Dwarf Mesocotyl 0 3 Hours 
Normal Mesocotyl + 3 Hours 
Normal Mesocotyl 0 3 Hours 
Dwarf Mesocotyl + k Hours 
Dwarf Mesocotyl 0 k Hours 
Normal Mesocotyl + 4 Hours 
Normal Mesocotyl 0 ^ Hours 

20 .6 230 383 
20 .6 160 267 
10 .3 1,133 
10 .3 230 767 
20 .6 530 883 
20 .6 630 1,050 
10 .3 500 1,667 
10 .3 760 2,533 
20 .6 835 1,392 
20 .6 7^0 1,233 
10 .3 7ho 2,1+67 
10 .3 800 2,667 
20 .6 570 950 
20 .6 990 1,650 
10 .3 720 2,bOO 
10 .3 670 2,233 

VJl 
00 



Table 18 

Uptake of H-leucine into the protein fraction of nana-1 and normal maize mesocotyis measured on a 
per segment basis. The plus sign designates treatment with IAA, the zero indicates no treatment. 

Treatment Number 
With Time of of Counts Counts Per Minute 

Type of Tissue 0.4 mg/l IAA Incubation Mesocotyis Per Minute Per Mesocotyl 

Dwarf Mesocotyl 
Dwarf Mesocotyl 
Normal Mesocotyl 
Normal Mesocotyl 
Dwarf Mesocotyl 
Dwarf Mesocotyl 
Normal Mesocotyl 
Normal Mesocotyl 
Dwarf Mesocotyl 
Dwarf Mesocotyl 
Normal Mesocotyl 
Normal Mesocotyl 
Dwarf Mesocotyl 
Dwarf Mesocotyl 
Normal Mesocotyl 
Normal Mesocotyl 

+ 
0 
+ 
0 
+ 
0 
+ 
0 
+ 
0 
+ 
0 
+ 
0 
+ 
0 

1 
1 
1 
1 
2 
2 
2 
2 
3 
3 
3 
3 

4 

Hour 
Hour 
Hour 
Hour 
Hours 
Hours 
Hours 
Hours 
Hours 
Hours 
Hours 
Hours 
Hours 
Hours 
Hours 
Hours 

20 
20 
10 
10 
20 
20 
10 
10 
20 
20 
10 
10 
20 
20 
10 
10 

230 
160 
3^0 
230 
530 
630 
500 
760 
835 
jko 

7k0 
800 
570 
990 
720 
670 

12 
8 
3^ 
23 
27 
32 
50 
76 
k2 
37 
7^ 
80 
29 
50 
72 
67 



Table 19 

Uptake of %-leucine into the protein fraction of nana-1 and normal maize coleoptiles measured on a 
fresh weight "basis. The plus sign designates treatment with IAA, the zero indicates no treatment# 

Treatment Number Counts Per Minute 
With Time of of Fresh Weight Counts Per Per Gram 

Type of Tissue 0.4 mg/l IAA Incubation Coleoptiles Grams Minutes Fresh Weight 

Dwarf Coleoptile 
Dwarf Coleoptile 
Normal Coleoptile 
Normal Coleoptile 
Dwarf Coleoptile 
Dwarf Coleoptile 
Normal Coleoptile 
Normal Coleoptile 
Dwarf Coleoptile 
Dwarf Coleoptile 
Normal Coleoptile 
Normal Coleoptile 
Dwarf Coleoptile 
Dwarf Coleoptile 
Normal Coleoptile 
Normal Coleoptile 

+ 1 Hour 
0 1 Hour 
+ 1 Hour 
0 1 Hour 
+ 2 Hours 
0 2 Hours 
+ 2 Hours 
0 2 Hours 
+ 3 Hours 
0 3 Hours 
+ 3 Hours 
0 3 Hours 
+ 4 Hours 
0 4 Hours 
+ 4 Hours 
0 4 Hours 

16 • 6to 
16 .64o 
8 .264 
8 .264 

16 .6to 
16 .640 
8 .264 
8 .264 

16 .640 
16 .640 
8 .264 
8 .264 

16 .640 
16 .640 
8 .264 
8 .264 

225 352 
215 336 
295 1,117* 
l4o 530 
200 313 
230 359 
350 1,326 
298 1,129 
280 ^38 
170 266 
too 1,515 
too 1,515 
610 953 
350 5^7 
250 9^7 
235 890 



Table 20 

Uptake of H-leucine into the protein fraction of nana-1 and normal maize coleoptiles measured on a 
per segment basis. The plus sign designates treatment with IAA, the zero indicates no treatment. 

Type of Tissue 

Treatment 
With 

Q.k mg/l IAA 
Time of 
Incubation 

Number 
of 

Coleoptiles 
Counts 

Per Minute 
Counts Per Minute 
Per Coleoptile 

Dwarf Coleoptile 
Dwarf Coleoptile 
Normal Coleoptile 
Normal Coleoptile 
Dwarf Coleoptile 
Dwarf Coleoptile 
Normal Coleoptile 
Normal Coleoptile 
Dwarf Coleoptile 
Dwarf Coleoptile 
Normal Coleoptile 
Normal Coleoptile 
Dwarf Coleoptile 
Dwarf Coleoptile 
Normal Coleoptile 
Normal Coleoptile 

+ 1 Hour 16 225 1^ 
0 1 Hour 16 215 13 
+ 1 Hour 8 295 37 
0 1 Hour 8 1*K) 18 
+ 2 Hours l6 200 13 
0 2 Hours l6 230 14 
+ 2 Hours 8 350 
0 2 Hours 8 295 37 
+ 3 Hours 16 280 18 
0 3 Hours l6 170 11 
+ 3 Hours 8 hOQ 50 
0 3 Hours 8 400 50 
4- h Hours l6 610 38 
0 h Hours 16 350 22 
+• h Hours 8 250 31 
0 k Hours 8 235 29 

ON 



Table 21 

Total uptake of %-leucine into mesocotyl tissue of nana-1 and normal maize treated with 0.4 mg/l 
IAA, measured on a fresh weight "basis. The plus sign designates treatment with IAA, the zero 
indicates no treatment. 

Treatment Number Counts Per Minute 
With Time of of . Fresh Weight Counts Per Per Grams 

Type of Tissue 0.4 mg/l IAA Incubation Mesocotyls Grams Minutes Fresh Weight 

Dwarf Mesocotyl + 1 Hour 10 .3 12,837 
Dwarf Mesocotyl 0 1 Hour 10 .3 9,970 
Normal Mesocotyl + 1 Hour 19 .57 9,980 
Normal Mesocotyl 0 1 Hour 19 .57 10,163 
Dwarf Mesocotyl + 2 Hours 10 .3 11,850 
Dwarf Mesocotyl 0 2 Hours 10 .3 13,875 
Normal Mesocotyl + 2 Hours 19 .57 14,890 
Normal Mesocotyl 0 2 Hours 19 .57 12,330 
Dwarf Mesocotyl + 3 Hours 10 .3 14,070 
Dwarf Mesocotyl 0 3 Hours 10 .3 10,420 
Normal Mesocotyl .+ 3 Hours 19 .57 14,670 
Normal Mesocotyl 0 3 Hours 19 .57 15,300 
Dwarf Mesocotyl + 4 Hours 10 .3 17,175 
Dwarf Mesocotyl 0 4 Hours 10 .3 18,53P 
Normal Mesocotyl + 4 Hours 19 .57 22,070 
Normal Mesocotyl 0 4 Hours 19 .57 23,050 

42,790 
33,233 
17/509 
17,830 
39,500 
46,250 
26,123 
21,632 
46,900 
3^,733 
25,737 
26,842 
57,250 
61,767 
38,719 
40,439 



Table 22 

Total uptake of %-leucine into mesocotyl tissue of nana~l and normal maize treated with 0.4 mg/l 
IAA, measured on a per segment "basis. The plus sign designates treatment with IAA, the zero 
indicates no treatment. 

Treatment Number 
With Time of of Counts Counts Per Minute 

Type of Tissue 0.4 mg/l IAA Incubation Mesocotyls Per Minute Per Mesocotyl 

Dwarf Mesocotyl + 1 Hour 
Dwarf Mesocotyl 0 1 Hour 
Normal Mesocotyl + 1 Hour 
Normal Mesocotyl 0 1 Hour 
Dwarf Mesocotyl + 2 Hours 
Dwarf Mesocotyl 0 2 Hours 
Normal Mesocotyl -t- 2 Hours 
Normal Mesocotyl 0 2 Hours 
Dwarf Mesocotyl + 3 Hours 
Dwarf Mesocotyl 0 3 Hours 
Normal Mesocotyl + 3 Hours 
Noma! Mesocotyl 0 3 Hours 
Dwarf Mesocotyl "t" 4 Hours 
Dwarf Mesocotyl 0 4 Hours 
Normal Mesocotyl -f- 4 Hours 
Normal Mesocotyl 0 4 Hours 

10 12,837 1,284 
10 9,970 997 
19 9,980 525 
19 10,163 535 
10 11,850 1,185 
10 13,875 1,388 
19 14,890 784 
19 12,330 649 
10 14,070 1,407 
10 10,420 1,042 
19 14,670 772 
19 15,300 805 
10 17,175 1,718 
10 18,530 1,853 
19 22,070 1,162 
19 23,050 1,213 

CO 



Table 23 

Total uptake of %-leucine into coleoptile tissue of nana-l and normal maize treated with 0.4 mg/l 
IAA, measured on a fresh weight basis. The plus sign designates treatment with IAA., the zero 
indicates no treatment. 

Treatment Number Counts Per Minute 
With Time of of Fresh Weight Counts Per Per Gram 

Type of Tissue 0.4 mg/l IAA Incubation Coleopti-les Grains Minutes Fresh Weight 

Dwarf Coleoptile + 1 Hour 11 
Dwarf Coleoptile 0 1 Hour 11 
Normal Coleoptile + 1 Hour 19 
Normal Coleoptile 0 1 Hour 19 
Dwarf Coleoptile + 2 Hours 11 
Dwarf Coleoptile 0 2 Hours 11 
Normal Coleoptile + 2 Hours 19 
Normal Coleoptile 0 2 Hours 19 
Dwarf Coleoptile + 3 Hours 11 
Dwarf Coleoptile 0 3 Hours 11 
Normal Coleoptile + 3 Hours 19 
Normal Coleoptile 0 3 Hours 19 
Dwarf Coleoptile + 4 Hours 11 
Dwarf Coleoptile 0 4 Hours 11 
Normal Coleoptile + 4 Hours 19 
Normal Coleoptile 0 4 Hours 19 

.44 

.44 
.627 
.627 
.44 
.44 
.627 
.627 
.44 
.44 
.627 
.627 
.44 
.hh 
.627 
.627 

4,910 
2,055 
4,470 
4,620 
4,590 
3,433 
6,415 
3,575 
5,780 
5,635 
6,210 
6,450 
7,725 
4,000 
6,320 
6,115 

11,159 
4,670 
7,129 
7,368 
10,432 
7,802 

10,231 
5,702 
13A36 
12,807 
9,904 

10,287 
17,557 
9,091 

10,080 
9,753 



Table 24 

Total uptalae of %-leucine into coleoptile tissue of nana~l and normal maize treated with 0.4 mg/l 
IAA, measured on a per segment "basis. The plus sign designates treatment with IAA, the zero 
indicates no treatment. 

Type of Tissue 

Treatment 
With 

0.4 mg/l IAA 
Time of 
Incubation 

Number 
of 

Coleoptiles 
Counts 

Per Minute 
Counts Per Minute 
Per Coleoptile 

Dwarf Coleoptile 
Dwarf Coleoptile 
Normal Coleoptile 
Normal Coleoptile 
Dwarf Coleoptile 
Dwarf Coleoptile 
Normal Coleoptile 
Normal Coleoptile 
Dwarf Coleoptile 
Dwarf Coleoptile 
Normal Coleoptile 
Normal Coleoptile 
Dwarf Coleoptile 
Dwarf Coleoptile 
Normal Coleoptile 
Normal Coleoptile 

0 
-t-
0 
+ 
0 
+ 
0 
+ 
0 
+ 
0 
+ 
0 
+ 
0 

1 
1 
1 
1 
2 
2 
2 
2 
3 
3 
3 
3 
4 
4 
4 
4 

Hour 
Hour 
Hour 
Hour 
Hours 
Hours 
Hours 
Hours 
Hours 
Hours 
Hours 
Hours 
Hours 
Hours 
Hours 
Hours 

11 
11 
19 
19 
11 
11 
19 
19 
11 
11 
19 
19 
11 
11 
19 
19 

4,910 
2,005 
4,1+70 
4,620 
4,590 
3,433 
6,415 
3,575 
5,780 
5,635 
6,210 
6,450 
7,725 
4,000 
6,320 
6,115 

446 
187 
235 
243 
4o8 
312 
338 
188 
525 
512 
327 
339 
702 
364 
333 
322 

£ 



Figure 11. Uptake of TI -leucine into the protein fraction 
of nana-1 and normal mesocotyls treated with O.U mg/l IAA, 
measured on a fresh weight basis. The different tissues 
and treatments are designated as follows: 

normal, treated with IM ( ) 
normal, without IAA ( — ) 
dwarf, treated with IAA 
dwarf, without IAA ( ) 
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Figure 11. Uptake of leucine into the protein fraction of 
nana-1 and normal mesocotyls treated with 0„k mg/l XAA, 
measured on a fresh weight basis. 
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Figure 12. Uptake of ^H-leucine into the protein fraction 
of nana-1 and normal mesocotyls treated with O.k mg/l IAA, 
measured on a per segment basis. The different tissues and 
treatments are designated as follows: normal, treated with 
IAA (———); normal, without IAA (— )', dwarf, treated 
with IAA j dwarf, without IAA (• ). 



Figure 13. Uptake of ^H-leucine into the protein fraction of 
nana-1 and normal coleoptiles treated with 0.4 mg/l IAA, 
measured on a fresh weight basis. The different tissues and 
treatments are designated as follows: 

normal., treated with XAA ( ) 
normal, without IAA ( ) 
dwarf, treated with IAA 
dwarf, without IAA ( ) 
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Figure 13. Uptake of ^H-leucine into the protein fraction 
of nana-1 and normal coleoptiles treated with O.k mg/l IAA, 
measured on a fresh weight basis. 



6k 

6 5  
t-

5 8  

UJ 
</> 

4 4  

Z  3 7  

3 0  
LU 

2 3  .o 

2 3  4  0 

TIME OF INCUBATION HOURS 

Figure l4. Uptake of %-leucine into the protein fraction of 
nana-1 and normal coleoptiles treated with 0. ̂ rng/l IAA, 
measured on a per segment basis. The different tissues and 
treatments are designated as follows: normal, treated with 
IAA normal, without IAA ( ); dwarf, treated 
with IAA ( ); dwarf, without IAA (• ). 



Figure 15. Total uptake of "H-leucine into mesocotyl tissue of 
nana-1 and normal maize treated with 0.4 mg/l IAA, measured on 
a fresh weight basis. The different tissues and treatments are 
designated as follows: 

normal, treated with IAA ( ) 
normal, without IAA. ( —) 
dwarf, treated with IAA (— 
dwarf, without IAA (• •) 
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Figure 15. Total uptake of 3ll-leueine into inesocotyl tissue 
of nana-1 and normal maize treated vith O.'i- mg/l IAA, 
measured on a fresh weight basis. 
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Figure 16. Total uptake of leucine into mesocotyl 
tissue of nana-1 and normal maize treated with 0. U-
mg/l IAA, measured on a per segment basis. The 
different tissues and treatments are designated as 
follows: normal, treated with IAA (———); normal, 
without IAA (— —• —) J dwarf, treated with IAA 
( } ; dwarf, without IAA. (• )<> 



Figure 17. Total uptake of "ft-leucine into coleoptile tissue of 
naaa-1 and normal maize treated with 0.^ mg/l IAA, measured on 
a fresh weight basis. The different tissues and treatments are 
designated as follows: 

normal, treated with IAA ( ) 
normal j, without IAA (— — -—) 
dwarf, treated with IAA (—. ——) 
dwarf, without IAA (• ) 
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Figure 17. Total uptake of ^{-leucine into coleoptile tissue 
of nana-1 and normal maize treated with OA mg/l IAA, measured 
on a fresh weight basis. 
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Figure l8. Total uptake of ^H-leucine into coleoptile 
tissue of nana-1 and normal maize treated with 0.^ mg/l 
IAA, measured on a per segment basis. The different 
tissues and treatments are designated as follows: 
normal, treated with IAA ( ); normal, without IAA 
(——• —); dwarf, treated with IAA dwarf, 
without IAA ( ). 



ANALYSIS OF TOTAL RIBONUCLEIC ACID 

Seedlings were grown in the greenhouse and treated in the 

manner described in Greenhouse Culturing Methods. Three days after 

germination, the dwarfs were marked for later identification. Treat

ment "began at that time and continued for five days. Groups of plants 

were treated each day by spraying with indoleacetic acid (California 

Biochemical Corporation) in concentrations of 0.1 mg/l, 0.2 mg/l, 0.4 

mg/l, 0.6 mg/l, 0.8 mg/l, and 1.0 mg/l. Another group of plants was 

used as a control unit and sprayed with distilled water. Each of the 

indoleacetic acid (lAA) concentrations and the distilled water used 

for spraying contained ten drops of the wetting agent, Tween 80 for 

each 100 ml of solution. The solutions were sprayed on the whole 

plant using dichlorodifluoromethane (Nutritional Biochemical 

Corporation) in aerosol form as a power source. 

The shoots were harvested on succeeding days, ground in 

liquid nitrogen, lyopholized and kept frozen at -20° C until used. 

The length of time before analysis was approximately one month. The 

total ribonucleic acid (RNA) was extracted as nucleotides following 

the procedure of Schmidt and Thannhauser (19^5) as modified by 

Smillie and Krotkov (i960). 

The RNA nucleotides were placed on a Dowex exchange column and 

eluted with HCl-NaCl solution (20 ml of concentrated HC1 and 5.6 gm of 
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NaCl in 2^0 ml of water). The eluate was tested for UNA nucleotides 

using Eastman Kodak Company Orcinol reagent and recorded as RNA per 

gram dry weight of tissue. The standard used was recorded as mg/ml 

adenosine. The experiment was repeated three times with varying 

results. The results show each experiment and the averages of the 

three experiments. 

Results of Analysis of Total Ribonucleic Acid 

The amount of ribonucleic acid (RNA) in whole plants of nana^-1 

and normal maize as a result of treatment with IAA was determined as 

micrograms of MA per gram dry weight of the lyopholized shoots. 

The control group, treated with distilled water and Tween 80, 

clearly indicates the difference "between nana-1 and its normal sib 

with regard to the amount of RNA present (Tables 25 and 26). The 

greatest increase in the amount of RNA in the normal shoots occurred 

between the third and fourth days of the experimental period. The 

dwarf plants exhibited their greatest amount of RNA during the first 

day of the period. The amount declined the second day, then increased 

at a steady but very slow rate from the second day through the fifth 

day of the treatment. 

When the amount of RNA from the untreated control group of 

nana-1 and normal was compared after five days, the normal contained 

a much greater proportion per gram of dry material than did nana-1. 

By treating both nana-1 and normal plants with 0.1 mg/l IAA, 

the pattern of RNA content was changed (Tables 25 and 26). The normal 



tissue exhibited a rapid increase in the amount of RNA during the 

first and second day of treatment, whereas the dwarf did not show its 

greatest increase until the third day of treatment. In both types of 

tissue, a decline in RNA content was noted the fifth day of the 

period, although that of the dwarf was slightly less than the normal. 

Relative to the control group, there was a greater amount of 

RNA in the normal tissue during the first three days of treatment and 

a lesser amount during the fourth and fifth day. The treated dwarf 

tissue showed less RNA than the untreated control only during the 

first day with a three-fold increase over the control on the fourth 

day. 

No significant differences in the amount of RNA of nana-1 and 

the dwarf control tissue could be determined when they had been 

treated with 0.2 mg/l IAA over the five day period. The general trend 

of response was essentially the same for both types of tissues 

(Tables 25 and 26). 

The normal members of this group showed a much lower amount of 

RNA throughout the experimental period as compared to the untreated 

normal of the control group. Only on the fourth day of the treatment 

did the treated normal approach the value achieved on the first day by 

the control group. All of the other values were significantly less 

for the treated group. 

The treated dwarf showed an early lag when compared to the 

untreated dwarf population, but in the treated group on the fourth 

and fifth days, the amount of RNA was greater than in the untreated 



control dwarfs for the same days. The greatest amount of RNA in the 

control dwarfs was on the first day of the experimental period. 

The response of the dwarf and normal to 0.^ mg/l IM deviated 

a great deal from the other experimental groups and the control group 

as well. This group was the only one under experimental conditions to 

exhibit a response in the dwarf greater than that in the normal 

(Tables 25 and 26). While the other groups responded in a reduced 

amount of RNA on the fifth day of treatment, this group showed a 

continuing increase through the fifth day. The upward trend of 

response was greater for the dwarf than for the normal. 

The 0.6 mg/l IAA group exhibited the greatest amount of RNA 

in "both the dwarf and normal during the first and second days. This 

treatment group showed a downward trend on the fifth day of treatment 

(Tables 25 and 26). 

In this group, as in the others described, the amount of RNA 

in the normal was significantly less than in the control group. The 

dwarf response was significantly greater in the 0.1 mg/l, 0.^ mg/l, 

0.6 mg/l, and 0.8 mg/l IAA treatment groups than in the untreated 

control group. Dwarfs treated with 1.0 mg/l IAA. showed significantly 

less RNA than the control group (Tables 25, 26, 27, and 28 and Figure 

19). 

Treatment of normal and dwarf plants with either 0.8 or 1.0 

mg/l IAA resulted in an overall reduced amount of RNA in both types of 

plants as compared to their treatment with 0.6 mg/l IAA or to the RNA 

content of the control plants (Figure 19)• 
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Table 25 

Total RNA extracted from whole nana-1 maize plants over a five day-
period. The plants were treated with various concentrations of IAA. 
The t value is the treated plants compared to the nana-1 control 
group. The level of significance is 0.05. The asterisk indicates a 
significant difference. 

Treatment 
With IAA Days 

t 
Experiment 1 2 3 4 5 Value 

0.1 mg/l jig RNA 1 15.0 14.7 36.6 29.4 87.9 
per Gram 2 19.7 24.9 19-7 97.9 151.6 3.27* 

Dry Weight 3 M*.l 149.0 315.8 1*69.7 263.9 
Average 26.2 62.9 124.0 199*0 167.8 

0.2 mg/l fig RNA 1 12.4 31.9 56.0 83.6 87.2 
per Gram 2 3^.2 39.6 81.7 108.4 99.1 0.1*2 
Dry Weight 3 61.4 82.1 113.1 132.3 128.1 

Average 36.O 51.2 83.6 108.1 101*. 8 

0.1* mg/l jig RNA 1 85.5 68.1* 86.1* 84.5 126.2 
per Gram 2 118.3 113.7 107.6 111.6 163.3 1*.25* 

Dry Weight 3 123.2 146.1 15!*. 3 159-7 191*.2* 
Average 109.0 109.1* 116.1 118.6 161.3 

0.6 mg/l pg RNA 1 90.2 98.1 l!*9.1 151.0 58.6 
per Gram 2 ll*7.8 11*9.3 171.0 160.8 138.1* 5.35* 
Dry Weight 3 l8l.l* 20l*.7 261.9 254.6 211.9 

Average 139.8 ll*7.7 194.0 188.8 136.3 

0.8 mg/l pg RNA 1 21.8 6l.l* 100.1* 77.1 53.9 
per Gram 2 1*6.3 93.6 136.1 174.8 71.9 2.29* 
Dry Weight 3 92.1 l4l.7 205.7 232.9 187.4 

Average 53.1* 98.9 l^.1* l6l.6 104.4 

1.0 mg/l /ig RNA 1 35.3 5.8 6.6 10.9 13.2 
per Gram 2 22.7 9.3 10.6 14.7 14.1 10.29* 

Dry Weight 3 61.4 46.1 49.4 51.8 58.2 
Average 39.8 20.4 22.2 25.8 28.5 

Control RNA 1 63.1 27.8 3^-8 43.6 44.9 
per Gram 2 98.6 55.6 61.8 59.3 63.4 0.00 

Dry Weight 3 120.9 72.6 92.4 101.7 131.7 
Average 9^.2 52.0 63.0 68.2 80.0 



Table 26 

Total RNA extracted from whole normal maize plants over a five day 
period. The plants were treated with various concentrations of IAA. 
The t value is the treated plants compared to the normal control 
group. The level of significance is 0.05. The asterisk indicates a 
significant difference. 

Treatment 
With IAA Days 

Experiment 
t 
Value 

0.1 mg/l jig RNA 1 
per Gram 2 
Dry Weight 3 

Average 

0.2 mg/l pg UNA 1 
per Gram 2 
Dry Weight 3 

Average 

0.4 mg/l jig RNA 1 
per Gram 2 
Dry Weight 3 

Average 

0.6 mg/l pg RNA 1 
per Gram 2 
Dry Weight 3 

Average 

0.8 mg/l jag RNA 1 
per Gram 2 

Dry Weight 3 
Average 

1.0 mg/l jig RNA 1 
per Gram 2 
Dry Weight 3 

Average 

Control jag RNA 1 
per Gram 2 
Dry Weight 3 

Average 

134.4 
1U9.I 
213.6 
165.7 

28.6 
49.1 
72. 
50, 

3 
0 

39.5 
8^.1 

108.3 
77.3 

171.5 
206.9 
268.1 
215.5 

236.0 
271.3 
293.7 
267.0 

45.8 
69.3 
84.1 
66.4 

96.8 
126.3 
142.3 
121.8 

149.1 
204.2 
273.1 
208.8 

26.6 
52, 
80, 
53. 

3 
,4 
•1 

38.6 
96.8 
122.3 
85.9 

211.5 
228.9 
282.3 
240.9 

109.3 
216.2 
234.6 
186.7 

30.1 
61.2 
78.5 

87.5 
111.6 
129.1 
109.4 

152.1 
191.4 
286.5 
210.0 

59.3 
71.4 

105.1 
78.6 

35.4 
98.1 
131.4 
88.3 

196.7 
194.1 
271.9 
220.9 

103.2 
192.6 
231.9 
175.9 

13 
39 

201.0 
221.6 
306.4 
143.0 

104.4 
113.4 
171.0 
129.6 

32.4 
104.3 
142.6 
93.1 

184.8 
193.2 
270.3 
216.1 

82.2 
137.1 
198.9 
139.4 

3 
1 

54.4 61 
56.5 35.6 47.6 59.3 

43.2 
.5 

152.1 
194.3 
211.6 
186.0 

191.6 
217.3 
284.4 
231.1 

92. 
106. 
158. 
119, 

51.8 
98.2 
161.4 
103.8 

163.3 
181.6 
267.4 
204.1 

38.1 
52.7 
82.0 
57.6 

38.1 56.7 
51.8 
69.4 

656.4 
761.9 
810.7 
743.0 

606.4 
718.6 
775.3 
700.1 

5.06* 

10.85* 

9.95* 

23.68* 

6.37* 

13.01* 

0.00 
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Table 27 

Least-squares analysis of variance for nana~l whole plants treated 
with IAA and analyzed for total RNA. 

Degree of Sum of Mean 
Source Freedom Squares Squares F ec Tabular 

Total 105 1.61299 
Mean Reduction 1 1.0l69if 
Treatment 6 .16993 .028321 6.35^9 .05 3.72 
Class 4 .04422 .011056 2.4931 .05 5.68 
Class x Treatment 24 .07070 .00291*6 .6610 .05 1.82 
Residual 70 •31195 .004456 

Table 28 

Least-squares analysis of variance for normal maize whole plants 
treated with IAA. and analyzed for total RNA. 

Degree of Sum of Mean 
Source Freedom Squares Squares F o< Tabular 

Total 105 5.6383^ 
Mean Reduction 1 3.07276 
Treatment 6 1.08284 .180474 85.899 .05 3.72 
Class 4 .17568 .043919 20.904 .05 5.68 
Class x Treatment 2k 1.15998 .048332 23.004 .05 1.82 
Residual 70 .14708 .002101 
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Figure 19. Total RNA relationship between each IAA 
treatment and the nana-1 and normal control groups. 
Line 1 is the normal control group and line 2 is the 
dwarf control. 



DISCUSSION 

Mutations in higher plants may "be manifested in a variety of 

different ways, i.e., dwarfism, chlorophyll changes, isoenzyme 

production, and nucleic acid metabolism. 

The phenotypic reversibility of physiological mutants has 

been established for microorganisms (Beadle and Tatum 19^1 j Gorini 

and Kataja 196^) and for higher plants (Phinney et &L. 3.957J Homan 

and Harris 1965). In each instance of phenotypic correction, the 

corrective material, usually a metabolite controlled by the impaired 

gene, was applied to the organism in the developing stages. 

Van Overbeek (1935) has suggested that the cause of dwarfing 

in nam-1 may in part be due to a lower production of auxin (lAA). 

Results given in Table h and Figure ^ show that growth of coleoptile 

sections treated with IAA can be increased over that of the intact 

plants. There is, however, no increase in growth over the sectioned 

control groups. These data would indicate that even though nana-1 may 

be producing less IAA than the normal, the amount which is being pro

duced is not limiting. When the experimental sections tested had been 

decapitated to remove the site of IAA production, added IAA did 

pronote growth over the intact plant group and the control sections. 

One possible pathway in the production of IAA involves the 

conversion of the amino acid tryptophan to IAA with tryptamine as an 
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intermediate. It has been shown that tinder sterile conditions, the 

coleoptile tip of Avena is unable to convert tryptophan to IAA while 

tryptamine is readily converted (Thimann and Grochowska 1968). Table 

6 and Figure 6 indicate tryptophan to be nonfunctional in promoting 

growth in nana-1 and normal maize. It may be that monocots such as 

Avena and maize do not utilize tryptophan in the biosynthetic pathway 

of IAA. production. It is also quite probable that the amount of 

tryptophan produced by the dwarf and normal seedlings is not limiting 

and addition of more does not alter the growth response. 

The response of experimental tissue treated with tryptamine 

was similar to that of coleoptiles treated with IAA. These responses 

indicate that tryptamine is a precursor of IAA in maize or that it is 

a growth regulating substance in its own right without further 

conversion. Table 8 and Figure 8 give evidence that tryptamine may be 

utilized as an IAA precursor in the coleoptile tip, and is able to 

function behind the tip as well. The ability to utilize tryptamine 

behind the tip is more pronounced in the normal than in the dwarf. If 

tryptamine is only functional as a precursor of IAA in the coleoptile 

tip, the above results may be explained by the more rapid formation 

of a functional physiological tip in the normal than in the dwarf. In 

conjunction with current thought concerning genetic regulation of 

enzyme activity, it is postulated that a malfunctioning or severly 

reduced enzyme system responsible for the conversion of tryptamine 

to IAA may not be operating in the middle region of the dwarf 

coleoptile. 
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Van Overbeek (1935, 1938) has attributed the dwarfing in 

nana-1 principally to the destruction of auxin due to increased 

activity of peroxidase enzymes in the mesocotyl of the dwarf. 

Several investigators (Ray i960; Pilet and Dubouchet 1961} Ockerse, 

Siegel, and Galston 1966', Katsumi and Sano 1968; Parish 1969) have 

firmly established that IAA is oxidized by peroxidases. The results 

obtained by Van Overbeek were confirmed by later investigation 

(Kamerbeek 1956), however, only 12 to 1^ plants were used in the 

study. 

Eesuits shown in Table 1^ and Figure 10 indicate no 

differences in peroxidase activity of mesocotyl tissue of nana-1 and 

its normal sib. 

The peroxidase system may be an inducible system in certain 

plants (Endo 19&7J Harmey and Murry 1968) and a repressible 

system in others (McCune and Galston 1959J McCune 19&1, Ockerse, 

Siegel, and Galston 1966; Stuber and Levings 1969)* Buttery and 

Buzzell (1968), Evans (1968), and Gupta and Stebbins (1969) have 

found systems where there is a difference in enzyme activity but not 

in electrophoretically separable bands. 

Tables 12 and 13 and Figure 9 indicate no bands of induced or 

repressed peroxidases in nana-1 or its normal sib when treated with 

IAA. 

By most physiological standards, the greatest amount of 

energy expended by a cell is in the process of protein synthesis. 

Impaired protein synthesis is another of the pleiotropic 

manifestations of the mutant gene, nana-1. 
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Besuits of investigations vary as to the response of the cell 

to IAA in regard to protein synthesis. Boroughs and Bonner (1953)/ 

using corn, found essentially no change in protein level over a six 

hour period, either in the presence or absence.of added auxin. Izawa 

(1961) used beans and obtained similar results. 

Uptake of %-leucine (Tables 21-24 and Figures 15-18) and its 

utilization in protein synthesis (Tables 17-20 and Figures U-l4) 

indicate a positive relationship between protein synthesis and dwarf

ism in this mutant. The dwarf does not synthesize proteins at the 

rate of the normal. This is more the case in mesocotyl tissue than in 

the coleoptiles. The results shown may be due to an inability of the 

mesocotyls of nana-1 to extract amino acids from a physiological pool. 

The uptake of leucine by nana-1 and normal mesocotyls is 

essentially the same, whereas the utilization of the amino acid in 

protein synthesis is quite reduced in the dwarf. 

The major morphological differences between nana-1 and its 

normal sib is the extreme shortness of the mesocotyl sections of nana-1. 

Synthesis of RNA has been associated with and found to be essential 

for cell elongation (Key 1964). Most of the RNA. synthesis associated 

with cell elongation was found in the microsomal fraction (Key and 

Shannon 196k), Smillie and Krotkov (1959) have shown RNA. content to 

be an index of metabolic activity in growing pea leaves. 

The ability of IAA to enhance the production of RNA has been 

noted by a number of authors (Key and Shannon 196k; Coartney, Moire, 

and Key 1967* Key, Barnett, and Lin 19675 Masuda, Tanimoto, and Wada 

1967; Nooden 1968). 



Tables 25 and 26 and Figure 19 show the results of treating 

nana-1 and normal shoots with IAA and measuring the amount of RNA 

produced. The dwarf and normal control groups exhibited a fifteen 

fold difference on the fourth day of growth. Treatment with IAA. in 

concentrations of 0.1, 0.4, 0.6, and 0.8 rag/l produced a significant 

increase in RNA in the dwarf when compared to the dwarf control. A 

significant decrease was produced by treating with 1.0 rag/l IAA. In 

all of the treatment classes, the RNA content of the normal shoots 

was significantly reduced. 

The mechanisms used by IAA to bring about the increase of RITA 

may be variable. Armstrong (1966) has suggested that IAA binds to 

a specific t-RNA fraction in order to derepress RNA synthesis. He 

also proposes a system where the auxin may supplement or replace 

N-formlymethionine as a signal for polypeptide chain initiation and 

thereby bring about an increase in RNA and protein synthesis. The 

proposal of Bendana et al. (1965) has IAA or a metabolite of IAA 

complexing with a ribonucleic acid fraction during growth. 

Certain authors (Mitchell and Sarkissian 1966; Sarkissian and 

McDaniel 1966; Sarkissian 1968) have suggested that molecular 

response to IAA may be associated with the citrate condensing enzyme 

and Coenzyme A in respiration. The results of Tables 15 and 16 show 

a definite difference in the respiratory quotient for the mesocotyls 

of nana-1 and the normal. 

When seeds were soaked and germinated in pyruvic acid or 

citric acid and the results analyzed (Tables 9, 10, and 11), a 
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measure of support was given to the above hypothesis of Sarkissian. 

Pyruvic acid inhibited growth while citric acid promoted growth. 

When the total results of experimentation of nana-1 and its 

normal sib are considered, it is possible to postulate a number of 

mechanisms for dwarfing in this particular organism. The RQ values of 

Tables 15 and 16 indicate normal anerobic respiration of glycolysis 

and aerobic respiration of Kreb's cycle and electron transport system 

being active in the coleoptile tissue of both nana-1 and normal. The 

RQ values of the mesocotyl sections, the tissue which exhibits dwarf

ism in a one to six day old seedling, indicate both anerobic and 

aerobic activity for the normal, but only anerobic activity for nana-1. 

Bonner (1933* 193^, 19*+9) has established that aerobic respiration is 

necessary for auxin activity. It is, therefore, conceivable that 

additional auxin would bring about only a small growth response under 

conditions of anerobic respiration as is found in mesocotyls of nana-1. 

Similarly, it has been shown that in order to have normal 

basipetal polar transport of auxin, aerobic respiration is necessary 

(Wilkins and Martin 1967; Wilkins and Shaw 1967* Wilkins and 

Whyte 1968). With normal aerobic respiration exhibited by the 

coleoptile sections, normal polar transport of auxin would occur. 

However, when the auxin reached the mesocotyl portion of the dwarf, 

no aerobic metabolic activities would be present to allow continued 

movement resulting in lower concentrations of IAA. in the mesocotyl. 

The mutation, nana-1, may regulate the cytochrome-cytochrome oxidase 

system which regulates the uptake of 02 by the mesocotyl tissue. 



Dwarfing in nana-1 could also lie the result of genetic 

impairment of the citrate condensing enzyme. Most of the results of 

this study offer support to this explanation. With an inefficient 

enzyme system to start the Kreb's cycle, little aerobic respiration 

would be generated to produce the necessary energy for the cell to 

grow. As a result of decreased energy, less r-RNA would be produced, 

a lower rate of protein synthesis would result, and dwarfing would 

ensue. Adding IAA would affect the growth rate only slightly since 

the impaired enzyme is unable to maintain a high level of activity. 

By adding citric acid to the cell, the condensation of acetyl-CoA 

and oxalacetic acid would be somewhat circumvented. This would result 

in a closer approximation of normal growth. 

In many of the higher plants, a pleiotropic relationship may 

exist where a single genetic malfunction will produce a number of 

phenotypic expressions (Van Overbeek 1935# 1938# von Abraias 1953} 

Rahman and Brown 195^). In the case of the dwarf stature mutant of 

maize nana-1, the mutant gene is expressed as a change of 

morphological characters, reduced respiratory activity, impaired 

protein synthesis and low RNA. metabolism. 

The results of this study indicate that the normal allele of 

nana-1 has a regulatory function in the production of enzymes which 

mediate a variety of physiological phenomena. In a system of 

integrated gene circuits, one regulator gene can be responsible for 

the function of a number of unrelated operons. Dwarf-1 of maize, 

which shows numerous similarities physiologically to nana-1, can be 



grown to normal stature by the addition of gibberellins (Phinney 

1956). It has been shown (Homan and Harris 1965) that at least one 

of the physiological differences "between dwarf-1 and the normal sib, 

auxin production, does not exist after gibberellin treatment. 

Kana-1 has been shoim by breeding tests to be a single gene 

mutation with the gross phenotypic expression being a dwarf plant. 

In order to produce a change in phenotype as great as is shown in 

nana-1, a large number of physiological mechanisms must be modified 

or impaired. A number of mutations in structural genes would be 

necessary to produce the pleiotropic effects exhibited by nana-1. A 

regulatory function of the nana-1 gene could be modified by a single 

mutation which would result in the pleiotropic effects discussed in 

this study. 
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