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ABSTRACT 

A comparison on physiological and genetic bases of two dwarf 

alleles of Zea mays, dl and dl-T, was undertaken to elucidate differ

ences between the two alleles and to more clearly define the role of 

the dwarf-one locus in development. 

Crosses between homozygous dl and dl-T plants produced only 

dwarf F-l plants. The morphology of mature dwarf plants was compared 

with normal plants heterozygous for the dl or dl-T allele. Measure

ments of total height, internode diameter and length, and leaf length 

and area were obtained. The results showed that dl-T and F-l plants 

differed significantly from normals only in internode length; whereas 

dl plants were similar to dl-T plants only in internode length. The 

F-l plants had a significantly longer internode length than either 

dwarf parent. 

The three dwarf phenotypes were examined for differences in 

response to Gibberellin ky Gibberellin Â , and cyclic AMP. The 

untreated 108 hour coleoptiles of the three phenotypes were similar in 

length; however, all treatments increased dl coleoptile length to a 

greater degree. The mesocotyl lengths of dl-T and F-l 108 hour seed

lings were twice the length of dl, and the effect of Gibberellin Â  

and/or cyclic AMP was to increase all mesocotyl lengths. Applied 

Gibberellin Â  increased dl coleoptile and mesocotyl length, and F-l 

mesocotyl length. The observed different responses to Gibberellin Â  

x 
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among the three dwarf phenotypes also appeared in 12 day old seedlings. 

Homozygous dl-T plants showed less response to treatment than did dl or 

F-i plants; however, all three treated dwarfs were similar to untreated 

normal plants. 

The gibberellin biosynthesis inhibitor, AMO 1618, had an effect 

on the length of dl-T and F-l coleoptiles, and on the length of the 

mesocotyls in all three dwarfs; but removal from AMO 1618 and recovery 

in Gibberellin Â  did not overcome the effect on 12 day old seedlings 

of dl and F-l. 

The a-amylase activity of dl coleoptiles was increased by 

Gibberellin Ay Gibberellin A,-,, or cyclic AMP. The increase in 

a-amylase activity was not consistent with length increases in dl-T 

and F-l coleoptiles, or in any mesocotyls. Electrophoretic analysis of 

peroxidase enzymes showed a different pattern for each untreated type 

of dwarf coleoptile. Treatment with Gibberellin Â  produced a standard 

peroxidase pattern in all dwarfs. 

The electrophoresis of extracted nucleic acids showed no RNA 

differences between Gibberellin Â -treated and untreated dwarfs. There 

was a decrease in nucleic acid per gram of fresh weight in dl coleop

tiles but not in dl-T or F-l. This is consistent with the assumption 

that cell elongation, rather than cell division, is the cause of 

elongation of the dl coleoptile. 

The coleoptile tip of dl plants produced less auxin than 

normals or the other dwarfs. There was no significant difference in 

auxin production between Gibberellin Â -treated coleoptile tips of any 
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dwarf or normal. The production of auxin in dl coleoptiles was not 

increased by cyclic AMP treatment. 

The experimental results indicate that cyclic AMP effects 

similar responses as Gibberellin kj in the dwarf coleoptile and meso-

cotyl tissue and that it does function in some manner as a plant growth 

regulator. There is only partial dominance of the dl-T allele over the 

dl allele in the F-l. The dwarf-one locus has a complex effect on 

normal development patterns. 



CHAPTER 1 

INTRODUCTION 

The experiments presented in this dissertation examine the mor

phology, genetics, and physiology of two dwarf mutants of Zea mays L. 

Morphology and Genetics 

Studies of morphology and inheritance are a necessary starting 

point for any examination of the genetic basis of growth. The mecha

nisms of growth are gene-initiated, cell-activated, and organ-manifested 

(Pelton, 1964). One way to study growth is to compare normal and al

tered growth forms. A common altered growth form is the dwarf plant. 

Ihe subject of angiosperm dwarfs has been comprehensively re

viewed by Pelton (1964). She points out the effectiveness of comparing 

single gene dwarfs with normal sibs to elucidate underlying mechanical 

aspects of growth. Such studies have demonstrated that greater differ

ences between normals and dwarfs occur in later formed organs. Fewer 

cell divisions and less cell elongation result in slower rates of 

differentiation in dwarfs. Ihese processes and differences are directly 

controlled by hormones. 

Ihree of the alleles at the dwarf-one locus in Zea mays, 

+ (wild type), dl, and dl-T, offer an excellent opportunity to compare 

the effects of alternate forms of a single locus on growth. Ihe 

1 
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morphological responses of mature plants, as well as those of seed

lings, can be compared. 

Ihysiology 

Ihe growth ha.bit of a single gene mutant offers a good oppor

tunity to analyze the function of an allele at the physiological and 

biochemical levels, because a gene is considered to control one step in 

a biochemical pathway leading to the synthesis of a single substance 

necessary for the normal phenotype. However, this does not consider 

possible regulatory functions of genes. With the advent of the operon 

concept, attention has been focused on the possible occurrence of 

regulatory genes for operons in higher organisms. 

There is no question that plant hormones, or growth regulators, 

function to control many stages of plant development. Many studies 

have shown that a primary role of auxin is to promote cell elongation 

(Galston and Davies 1969), whereas gibberellins are involved in both 

cell elongation and cell division (MacMillan 1972). In addition, both 

auxin and gibberellin responses may involve cyclic nucleotides (Barton 

et al. 1973)• To understand genetic regulation by plant hormones, 

single gene dwarfs may be used to show whether a different quantity of 

some regulator is present in the dwarf than in the normal sib, or 

whether application of exogenous growth regulators alters the dwarf to 

approximate the normal phenotype. 

Ihe auxin content of the dl coleoptile is lower than that of 

the normal sib; however, applications of auxin have no effect on elon

gation of the coleoptile (van Overbeek 1938, Harris 1953)* There is 
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evidence that dl has only half the normal gibberellin content and that 

applications of gibberellins produce phenocopies of normals (Phinney 

1956, 1961). There have been no studies as to the effect of auxins and 

gibberellins on dl-T plants and the effect of cyclic nucleotides on 

either dl or dl-T is also unknown. 

Hypotheses to be Tested 

Because dl and dl-T are alleles, morphological and physiologi

cal characteristics of the mutants should be similar. Because dl-T is 

taller, it is expected that this allele will produce a phenotype more 

similar to the normal in terms of morphology and physiology. Based on 

these assumptions, the following hypotheses will be examined! 

1. Morphological data comparing homozygous dl and dl-T and the F-l 

resulting from the cross of the two homozygous dwarf lines are expected 

to show a gradation of expression of morphology and physiology. It is 

expected that dl-T expression will be intermediate between dl and 

normal phenotypes. 

2. With regard to enzyme activity, nucleic acid content, and re

sponses to exogenous applied hormones, the physiological effects of 

all three dwarf genotypes will be examined. It is expected that dl-T 

will show the effects of dl but to a lesser degree. While examining 

physiological effects of hormones, the hypotheses, that cAMP has a 

regulatory function in plant growth and a possible relationship to 

gibberellin function, will be tested; 



CHAPTER 2 

GENETICS AND MORPHOLOGY OF MATURE PLANTS 

The most important feature of any study which characterizes 

mutants is the description of morphological differences and the estab

lishment of allelism and dominance relationships. 

Review of the Literature 

The dwarf-one locus of Zea mays has "been mapped in the short 

arm of chromosome three (Emerson, Beadle and Fraser 1935)* Three 

recessive alleles have been reported at this locus (Pelton 1964)• One 

of the alleles, dl, has been well characterized morphologicallyj where

as a second allele, dl-T, has only been described as being larger in 

stature than dl (R. J. Lambert, personal communication). 

In general, angiosperm dwarfs exhibit decreased cell division, 

decreased cell elongation, or both (Pelton 1964). Data comparing dl of 

maize with normal plants show decreased internode length and diameter 

and decreased leaf length, but increased leaf width (Abbe 1936» Pelton 

1956). Internode length appears to be a function of both cell division 

and cell enlargement, and diameter appears to be a function only of 

cell enlargement (Abbe 1936» Abbe and Ihinney 1940). The dl leaf shows 

a definite decrease in the number of cell divisions compaxed with the 

normal leaf (Hansen 195?)1 and dl plants have slower rates of leaf 

initiation than normal plants (Stein 1955)• Homozygotes of the dl 

4 



allele exhibit decreased cell elongation in the coleoptile (Harris 

1953) decreased cell elongation and division in the mesocotyl 

(Hansen 1957)• Evidence has been presented that the dl allele has no 

effect on scutellum or kernel size (Pelton 195̂ 0 • 

Studies reporting morphological effects of dl have not always 

described strains with the same genetic background. However, it 

appears that this allele has the general effect of reducing plant size 

by decreased cell division or elongation or a combination of both. 

Materials and Methods 

Sources of Plant Material 

Zea mays seeds (caryopses) were obtained from the Maize Genetic 

Cooperative at the University of Illinois, Urbana, Illinois. Both 

homozygous (dl/dl and dl-T/dl-T) lines and 1:1 segregants (+/dl x dl/dl 

and +/dl-T x dl-T/dl-T) were provided. To insure that the lines had a 

homozygous genetic background, three generations were selfed and back-

crossed in a greenhouse. Reciprocal crosses between homozygous dl and 

dl-T plants were performed to create F-l lines. Because an insuffi

cient number of F-l seeds were produced on dl plants, only the F-l 

seeds produced on dl-T plants were used for the morphological compari

sons. Both F-l lines were selfed and 3000 seeds of each F-2 type were 

planted. 

Seed germination and growth 

Seeds were soaked overnight in tap water and planted directly 

in the soil. With the exception of the F-2, plants for analysis were 
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harvested at maturity, three months after they were planted. Hie F-2 

plants were harvested two weeks after they were planted. 

Measurement of Plants 

Harvested plants were cut at ground level to ensure identifi

cation of the leaf producing node nearest the base of the plant. Ihe 

leaf producing node closest to the tassel was designated node one (top 

node) and nodes were identified numerically in descending order from 

this node. Internode one was taken to be between node one and the 

tassel node. Internode length and diameter were measured after the 

leaf sheaths were removed. Diameter was measured at a point equidis

tant between the two adjacent nodes, using a caliper. 

Because the leaves from the three nodes nearest the base were 

dry, no leaf areas were measured at these locations. For the remaining 

leaves, area was measured with an Automatic Area Meter, type AAM-5, 

manufactured by the Hayashi Denko Co., Ltd., Tokyo, Japan. 

Analysis of Data 

Because the number of nodes differed from plant to plant, a 

standard analysis of data was difficult. Ihe problem was avoided by 

analyzing six nodes in descending order from the top (or tassel) end of 

the plant and analyzing an additional six nodes in ascending order, 

beginning with the first leaf producing node at the base of the plant. 

Consequently, node six from top and node six from base were the same 

node in many plants. Leaf width data were obtained by dividing leaf 

area by leaf length and were expressed as the ratio of mean dwarf width 

to mean normal width. Tables in Appendix A list the standard errors 
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and numbers of plants used to calculate Student's t for the data ana

lyzed in this chapter. 

The F-2 data were analyzed using chi-square test for a J:1 

ratio. The difficulty of separating F-l from homozygous dl-T plants 

necessitated testing for this ratio. 

Results and Discussion 

The offspring of the reciprocal crosses of the two dwarfs were 

dwarf plants in all cases. In the F-2, no normal phenotypes were found 

among the 6000 seedlings examined. A chi-square value of 0.31 with one 

degree of freedom resulted from the test of the 3°.l ratio. Oh the 

basis of F-2 plants examined, dl and dl-T are alleles and the locus is 

not subdividable. 

Figure 1 shows four plants of different genotypes. The dwarfs 

are U0 to 50 percent of the normal plant in height. The difference in 

the two types of heterozygous normal plants (Table l) is primarily due 

to tassel length. The F-l and dl-T axe not significantly different in 

total height. 

Table 2 demonstrates that the internode length is greatest near 

the center of each plant. The ears arise from nodes in this region. 

Further evidence of the similarity of the two heterozygous normals is 

the lack of any consistent difference in internode length. For the two 

homozygous dwarfs, the lack of a significant difference in each inter

node length (Table Z) may mean that the total height is dependent upon 

node number. However, the number of nodes is not significantly 

different between the two dwarfs. Thus, the difference in total height 
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Figure 1. Normal plant compared with three dwarfs. — The 
normal plant was +/dl-T. 
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Table 1. Total height of mature plants. — Height, in cm, was 
measured from the node nearest the base of the plant to 
the tip of the tassel. The same superscript letter 
indicates lack of significance at a = .05 using Student's t. 

Genotype 

Statistic +/&1 +/6.1-T dl/dl dl/dl-T dl-T/dl-T 

x 187.88 218.71 77.86 109.lia 96.00a 

S- 8.18 8.74 3.01 5.34 4.35 A 

n 8 ' 7 25 23 19 
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Table 2. Intemode length of mature plants. — Tabulated values are 
mean internode lengths in cm. Internodes were measured in 
descending order from top or tassel end of plants and in 
ascending order from base or root end of plants. For some 
plants, internode 6 from top was identical to internode 6 
from base. The same superscript letter indicates lack of 
significance at a = .05 using Student's t. 

Genotype 
Location of 
Internode +/dl +/dl-T dl/dl dl/dl-T dl-T/dl-T 

1 top 15-7 12.5 2.7a 4.1b 3.4ab 

2 from top 15.5 13-5 4.0C 5.7 4.2° 

3 from top 15-7d 15.2d 4.7® 6.2 4.6e 

4 from top 15.6f 17. of 5.̂ g 6.9 4.9s 

5 from top 15. 16.0h 5.81 7.6 5.̂  

6 from top 15.̂  I6.8j 6.2k 8.2 6.1k 

6 from base 15.3m 16.5® 6.4n 8.3 6.1n 

5 from base 15.5P 17.6P 6.1* 8.3 6.1* 

4 from base 15Ar 18.8r 5.7s 7.5 5.2s 

3 from base 14.? I8.3 5.ot 6.6 4.6* 

2 from base 15.0U 16.lu 4.1v 5-6 4.0V 

1 base 12. f 13. 2.6X 

00 •
 3.1xy 
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is due solely to tassel length. The F-l exhibits heterosis in inter-

node length. This is not surprising since there was no way to abso

lutely assure the same genetic background in the two dwarf parents. 

Data presented in Table 3 indicate differences in internode 

diameter for the two dwarfs. In dl plants, diameter decreases to a 

greater degree near the tassel. This would be expected because inter

node diameter is a function of cell diameter (Abbe 1936, Abbe and 

Riinney 19̂ 0), dl seedlings show a reduced auxin content (Harris 1953)> 

and auxin is involved in cell enlargement (Galston and Davies 1969). 

The auxin content should be more reduced in the nodes nearest the tas

sel, because auxin is produced in the shoot apex and transported 

basipetally. The later formed nodes receive less auxin because tassel-

ing terminates shoot apex activity. Although nodes nearer the top in 

normal plants axe reduced, the decreased auxin production in dl plants 

causes a disproportionate amount of reduction. 

Leaf length data presented in Table ̂  show a decrease in dl 

plants compared to normal plants. The only anatomical study of leaf 

tissue of maize reported that the reduced leaf length is a function of 

reduced cell number in the midrib (Hansen 195?)• Table 4 shows that 

F-l and dl-T are not different from normal for the upper leaves but are 

different for leaves near the base. The dl allele also has a greater 

effect on leaf length near the base than near the tassel. 

Table 5 shows the lack of significant difference in leaf area 

among normal, F-l, and dl-T. The dl allele causes reduced leaf area. 

When width estimates are pooled for node six from top and node six from 

base for each dwarf genotype and for the two normal genotypes (Fig. 2), 
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Table 3- Internode diameter of mature plants. — Tabulated values are 
mean diameters in cm taken equidistant from adjacent nodes. 
Internodes were measured in descending order from top or tas
sel end of plants and in ascending order from "base or root 
end of plants. For some plants, intemode 6 from top was 
identical to internode 6 from base. The same superscript 
letter indicates lack of significance at a = .05 using 
Student's t. 

Genotype 
.Location ox 
Internode +/&1 +/dl-T dl/dl dl/dl-T dl-T/dl-1 

1 top 0.7a 0.6a 0.5 0.7a 0.6a 

2 from top 0.9b 0.8b 0.6 0.8b 0.8b 

3 from top l.lcd 1.0cd 0.8e 1.1° 0.9de 

4 from top 1.3f l.lfg 1.0« l.lfg 1.1s 

5 from top 1.4h 1.3h 1.1 1.3h 1.2h 

6 from top 1 •5i 1.41J 1.2*' 1.3̂  1.4̂  

6 from base 1.36m 1.3*° 1.2k 1.4m 1.4m 

5 from base 1.5n 1.5" 1.3 1.5° 1.511 

4- from base 1.6p(i 1.6Pq- 1.4? 1.61 1.7q 

3 from base l.?r 1.7r 1.5r 1.6r 1.7r 

2 from base 1.6s 1.7s 1.5s 1.6s 1.7s 

1 base 1̂  1.8U 1. 6tu 1.7U 1.6tu 
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Table 4. Leaf length of mature plants. — Tabulated values are mean 
leaf lengths in cm. Leaves were collected from nodes in 
descending order from top or tassel end of plants and from 
nodes in ascending order from base or root end of plants. 
For some plants, node 6 from top was identical to node 6 
from base. The same superscript letter indicates lack of 
significance at a = .05 using Student's t. 

Genotype 

of Leaf +/dl +/dl-T dl/dl dl/dl-T dl-T/dl-' 

1 top node 25.8a 23.7ab 19.3b 18.4k 20.8b 

2 from top 40.4C 45.1° 28.2 35.9° 36.3C 

3 from top 54.lde 61.3d 39.6 49.6s 50.3e 

4 from top 61.6f 7̂ .6 47.6 58.8f 58.9f 

5 from top 72. Is 82.6 52.8 66.0s*1 63.9h 

6 from top 81.l1̂  88.31 58.2k 79.3j 60.0k 

6 from base 63.8m 8 5.9 57.4 69.8m 66.7m 

5 from base 74.1n 90.9 59.1 70.8n 65.2 

4 from base 82.5P 90.3P 59.9 67.8̂  65.9q 

3 from base 87.4r 89.7r 57.9 65.8s 63.6s 

2 from base 81.8* 78.3t 53.6u 58.0UV 59.3V 

1 base node 67.1WX 70. lw 44.5 51.4 58.4X 
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Table 5« Leaf area of mature plants. — Tabulated values are mean leaf 
area in cm2. Leaves were collected from nodes in descending 
order from top or tassel end of plants and from nodes in 
ascending order from base or root end of plants. For some 
plants, node 6 from top was identical to node 6 from base. 
The same superscript letter indicates lack of significance at 
a = .05 using Student's t. 

Genotype 
jjocaTiion 
of Leaf +/dl +/dl-T dl/dl dl/dl-T dl-T/dl-T 

1 top node 64.5ab 83.8a 37.9b 65.lab 62.4ab 

2 from top 189-5° 198.8° 86.1 196.4° 150.4° 

3 from top 297.5de 336.ode 171.8 342.8d 269.8e 

4 from top 375.5fs H32.0f 243.5 444.5f 359-2g 

5 from top 435.8hi 543.8h 305.3 516.6h 420.81 

6 from top 450. Ô  565.8j 339.3 539.1J 442.9k 

6 from base 394.0innp 562.0m 364.3P 522.4m 436.4n 

5 from base 443.3qr 571.oq 360.1 512.4q 421.lr 

4 from base 455-5st 524.8s 302.0 458.0s 381.4t 
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it can be seen that dl-T plaints have about the same leaf width as nor

mal plants, but the F-l and dl-T leaf widths differ greatly. The F-l 

and dl-T plants appear to be normal for cell division and cell elon

gation so that the differences from normal plants, in leaf length and 

area, are explained by growth rate. These differences may be dimin

ished in nodes closer to the tassel by factors related to the 

physiology of flowering. 

One conclusion of the morphological and genetic analyses is 

that dl and dl-T are alleles, but their expression is different. The 

similarity of F-l and dl-T data for the majority of the measurements 

indicates that the dl-T allele is dominant over the dl allele. The 

real difference between dl-T and normal plants is the internode length. 

The other differences may be explained as functions of growth rate. 



CHAPTER 3 

MORPHOLOGICAL RESPONSES TO GROWTH REGULATORS 

Ihe morphological effects of the dl mutation can be overcome by 

the growth regulator, gibberellin (GA) (Phinney 195&)« This chapter 

examines the morphological effects of two gibberellins, adenosine 3'>5'-

cyclic monophosphate (cyclic AMP or cAMP), and AMO 1618 on the expres

sion of the dwarf-one alleles. 

Review of the Literature 

Morphological Responses to GÂ  

Ihe most common GÂ  response is increased stem elongation in 

dwarf or rosette plants (Cleland 19̂ 9)• Some examples of plants which 

respond in this manner to GÂ  treatment are Japanese morning glory 

(Barendse and Lang 1972), peas (Amey and Mancinelli 1966), beans and 

corn (Phinney 1956), and barley (Suge 1972). Dwarfs of corn and wheat 

which do not respond have been reported (Phinney 195&, Gale and 

Marshall 1973)* Other examples of elongation responses are found in 

Lactuca hypocotyls (Kamisaka 1973)» Callitriche stems (Musgrave, Jackson 

and Ling 1972), Avena stem segments -(Adams, Kaufman and Ikuna 1973)» 

Qryza mesocotyls (Takahashi 1973)» and Phaseolus epicotyls (Wittwer and 

Bukovac 1962). Reduced GA content and utilization are found in dwarf 

beans and com (Goto 1970, Goto and Esashi 1973* Phinney 1961). 

17 
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The nature of the GA response involves cell division in Pisum 

stems (Arney and Mancinelli 1966) and in Samolus and Hysoc.yamus (Sachs 

i960). In corn, the response is increased cell division and cell elon

gation (Phinney and West i960). The consensus is that changes axe 

brought about by GA regulation of both cell division and cell elonga

tion. 

The specific effect of GA^ on dl plants is increased length and 

decreased width of the first five leaves (Pelton 1962) and increased 

cell elongation and division in the first leaf sheath ( Skjegstad 195?» 

1958)• Gibberellins cause elongation of coleoptile and mesocotyl 

tissue (Homan and Harris 1965)* and with continuous application, GA^ 

produces a phenocopy of the normal (Ehinney 1956, 1961). 

Interconversion and Activity of Other Gibberellins 

There are 36 different gibberellins and more are isolated each 

year (MacMillan and Pryce 1973)• All have a basic gibberellin skeleton 

and there is evidence of free interconversion in fungi and in higher 

plants (Lang 1970). Evidence from fungi and higher plants suggests the 

synthesis of GA^ from both GA^ and GA,-, (Lang 1970, MacMillan and Pryce 

1973)• GA  ̂ does not have the double bond between ring carbons 1 and 2 

that is present in QAy GA^ has a 13-hydroxyl group and GA,., does not 

(MacMillan and Pryce 1973)• 

Much work has been done to determine the exact activity of the 

various gibberellins on dl leaf sheaths because of their use as a bio-

assay system (ihinney et al. 1957)- It has been reported that 

application of 10 ;il of GA,-,, 3 x 10"̂  M, shows only of the activity 
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of GÂ  in the dl leaf sheath bioassay (Wittwer and Bukovac 1962). How

ever, there is other evidence to contradict this. In six bioassay 

systems, including dl leaf sheaths, GA,-, has been reported as more ac

tive than GÂ  (Cleland 19&9)• Using the dl leaf sheath bioassay, GÂ  

and GÂ  have the same activity, but GAg_̂ ,̂ GÂ . GA2̂ 275 an(̂  

GA8- glucoside 3X0 ̂ -naĉ -'-ve (Crozier et al. 1970). Although it has been 

suggested that dl cannot use 2-unsubstituted gibberellins (Phinney 

1961), recent evidence shows a great deal of variability in the use of 

such compounds by dl plants (Brian, Grove and Mulholland 1967). The 

methyl esters and glucosyl esters of GÂ  and GÂ  have less effect on dl 

leaf sheath morphology than the unsubstituted gibberellic acids (Hiraga, 

Yamane and Takahashi 197̂ 0• 

Ihere is a great deal of evidence from dwarfs concerning the 

interconversion of labeled gibberellins. In another com dwarf, d5, 

GA  ̂ is converted to GA -̂X in roots and to GAg-glucoside •Leaves as 

effectively as in normal plants (Davies and Rappaport 1975)- Dwarf 

kidney beans convert GA„ to 2-0~(3-glucosyl GA„ derivatives (Asakawa 
j j 

et al. 197̂ b). GÂ  is converted to GÂ  and then to GAg in shoots of 

dwarf rice (Railton, Durley and Iharis 1973)• GÂ  is converted to GÂ  

in dwarf peas (Durley, Railton and Riaris 1973)• 

The ultimate effect of the interconversions is that each type 

of plant has a specific pathway for utilizing gibberellins and one can

not determine the pathway by simple cross-feeding in a mutant thought 

to be blocked in GA synthesis. Ihere is evidence that GA  ̂ and GA,-, are 

utilized in most plants (Jones 1973)* 
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Transport and Localization of Gibberellins 

Recent evidence from corn coleoptiles indicates that gibberel

lins are produced in the tip of the coleoptile. Movement of GA into 

agar blocks is increased if the tips are placed horizontally. There is 

a definite asymmetry of GA distribution in corn coleoptiles, much like 

that found for auxin (Railton and Phillips 1973)- When absorbed by 

dwarf kidney bean roots, labeled GA^ has been localized in mature and 

immature epicotyl sections, and the activity is found in the cellular 

soluble fractions not bound to macromolecules (Asakawa et al. 197^) • 

Unlike auxin, the evidence for polar movement of GA^ in sections of 

Coleus petioles shows that a converted product is returned to the agar 

receiver blocks, and the rate of transport is comparable to that of 

auxin (Jacobs and Pruett 1972). This evidence indicates that GA. can be 

transported freely throughout the plant. 

Effects of Cyclic AMP 

The presence of cAMP has been established in plants. Cyclic 

AMP is found in tobacco pith culture, barley endosperm, sycamore cells, 

carrot and bramble pith cultures, and lettuce seeds (Raymond, Narayanan 

and Pradet 1973)• It is involved in stimulating elongation of lettuce 

hypocotyls, although the effect is not as great as that of GA^ 

(Kamisaka et al. 1972). Cyclic AMP shows the ability to overcome 

effects of inhibitors of GA synthesis on auxin-stimulated cell expan

sion in Jerusalem artichoke, and again the effect is not as great as 

that of GA (Kamisaka, Sakurai and Masuda 1973)• The relationship of 

auxin to cAMP has been examined, but evidence for this is contradictory. 



21 

A synergistic effect of cAMP and auxin in Avena sections has been 

reported (Salomon and Mascarenhas 1971); however, treatment with cAMP 

or dibutryl cAMP alone has no effect (Brewin and Northcote 1973; 

Edgerton, Gline and Behm 1975)• Evidence has been presented that the 

levels of cAMP do not increase with auxin treatment, indicating no 

mediation of auxin extension by cAMP (Ownby, Ross and Key 1975)> 

whereas other studies report that cAMP levels do increase (Rrewin and 

Northcote 1973)-

If cAMP is not a second messenger for auxin or GA, then it is a 

separate regulator. Evidence that cAMP may be an independent hormone 

includes reports of polar transport in corn and oat coleoptiles. In 

these cases, cAMP absorption is inhibited by auxin, and the applied 

cAMP is rapidly metabolized (Gordon, Cameron and Shen-Miller 1973)• 

The rate of transport is rapid in com coleoptiles and metabolic inhib

itors increase this rate, implicating an extracellular transport system 

(Sherwin and Gordon 197^0• 

Inhibitors 

There is evidence of many natural inhibitors of GA-induced stem 

elongation. Early in GA research, a substance was isolated from dwarf 

peas that inhibited GA-induced elongation (Kohler and Lang 1963). 

Since that time, many different kinds of inhibitors have been described 

from dwarf peas, such as a specific protein (Komoto, Ikegami and Tamura 

1973)» acidic compounds such as oleic and abscissic acids and methyl 

and ethyl succinates (Komoto, Ikegami and Tamura 1972), and neutral 
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compounds such as pisatin and a-stearoyl glycerol (Komoto, Noma et al. 

1972). 

Much study has been devoted to synthetic inhibitors, particu

larly to AMO 1618. This inhibitor has been used to reduce cell 

division in Chrysanthemum and the effect is reversible by GA treatment 

(Sachs and Lang 1961). AMO 1618 is thought to be an inhibitor of GA 

biosynthesis. The pathway in most higher plants for gibberellin syn

thesis is by way of kaurene and kaurenol (Graebe et al. 1965). AMO 1618 

inhibits formation of kaurene and kaurenol in wild cucumber (Dennis, 

Upper and West 1965)• 

Low concentrations of AMO 1618 reduce stem elongation in peas, 

barley and beans, and increase the amount of extractable GA and 

decrease the tissue responses to applied gibberellins (Reid and Crozier 

1972). This has led to the idea of a feedback mechanism for GA synthe

sis in higher plants (Reid and Crozier 1972). In beans, specifically, 

AMO 1618 effects are due to reasons other than an effect of GA biosyn

thesis (Crozier, Reid and Reeve 1973)- Evidence supporting this 

hypothesis is that the effects of 50 mg/l AMO 1618 on leaf size and 

structure and on root structure could not be overcome by 10 p.g of GÂ . 

GA could only partially overcome the effects of AMO 1618 on stem 

elongation (Crozier et al. 1973)- It appears that AMO 1618 is involved 

in blocking both utilization and biosynthesis of GA. Inhibitors are 

not very useful tools unless their effects can be overcome with GA 

(Lang 1970). The effect of AMO 1618 is species specific, and therefore, 

each species must be carefully examined. 
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Growth Regulators 

Plant growth regulators were applied in the following final 

concentrations! GÂ  (2.6 x 10 ̂  M, K salt, Calbiochem), GA,-, (2.6 x 10 ̂  

M, K salt, Nutritional Biochemicals), AMO 1618 (1.3 x 10 ̂  M, 90% 

2-isopropyl-4-dimethylamino-5-methylphenyl-l-piperidine carboxylate 

methyl chloride, Calbiochem), cAMP (l x 10~̂  M, Calbiochem). Stock 

solutions were made with distilled water. Pinal dilutions with dis

tilled water were made immediately prior to application. The control 

solution was distilled water. 

Seed Germination and Seedling Growth 

The dl, dl-T, and F-l seeds were obtained from greenhouse 

crosses described in Chapter 2. The normal seeds used for these 

experiments were Zea mays (var. Indentata) from Carolina Biological 

Supply Company, Gladstone, Oregon. 

All seeds were surface sterilized for 10 min with 7-5% Clorox. 

For 108 hr coleoptile and mesocotyl measurements, seeds were soaked in 

300 ml test solution for 12 hr, then placed on cheesecloth-covered 

wire racks in trays containing one liter of test solution. The liquid 

level was directly below the top of the rack. Seeds of each genotype 

were placed on a separate rack in the same pan; the pans were covered 

with Saran wrap and placed in an Avena chamber at 25 + 1 C. Once every 

2k hr, the germinating seeds were subjected to 1 hr of red light. 

The plants were haxvested from 106 to 110 hr after placement in the 
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chamber. For the 1:1 segregant study, seedlings were harvested after 

132 hr in the chamber. 

Hie seeds for studies involving 12 day or older seedlings were 

soaked for 12 hr in 100 ml of test solution, then planted in 2200 cc of 

vermiculite to which one liter of test solution had been added. All 

genotypes were planted in distinct rows in the same tray. The trays 

were placed in a growth chamber at 23 + 1 G with 14 hr white light per 

day. Every two days, 250 ml of fresh test solution were added to each 

tray. The plants were harvested and measured at the appropriate time 

after placement in the chamber. 

AMO 1618 studies utilized seeds soaked in AMO 1618 or water and 

otherwise treated as described for 108 hr seedlings. Length measure

ments of mesocotyl and coleoptile were made at 108 hr. Ihe seedlings 

were then transferred to vermiculite with fresh test solutions of GA or 

water, placed in the chamber with 14 hr white light and harvested 12 

days after placement in the chamber. 

Ihe interaction study involving GÂ  and cAMP utilized test 

solutions having the previously described concentration for each regu

lator. Seeds were treated as for 108 hr coleoptile and mesocotyl 

studies. 

Measurements 

All measurements were made to the nearest 0.5 nun• For most 

mesocotyl and coleoptile measurements, the kernel was removed to facil

itate measurement. The second leaf was measured on those plants where 

it had completely emerged. Total height was measured from the base of 
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the coleoptile to the tip of the longest leaf. Leaf sheath length was 

measured from the base of the coleoptile to the ligule of the first 

leaf. The seedlings were then used in other experiments or discarded. 

Analysis of Data 

Unequal sample size necessitated special analysis of the data. 

The morphological effects of GÂ » GÂ , and cAMP on 108 hr mesocotyl and 

coleoptile lengths were analyzed using r x 2 tables for disproportion

ate subclass numbers (Steel and Torrie I960). Tables in Appendix B 

list means, standard errors, numbers of replicates and observations, 

and analysis of variance for 108 hr seedlings. The standard errors and 

numbers of plants measured in the experiments with 1 si segregants and 

12, ik, and 17 day old seedlings are listed in tables found in Appendix 

C. Additional data for experiments examining the interaction of GÂ  

and cAMP and the effects of AMO 1618 can be found in Appendix D. 

Results and Discussion 

GA Effects on Segregation of Dwarfs 

This experiment was done to determine if the concentration of 

GÂ  was within a range that gave expected responses, and to detect any 

effect on known heterozygotes. The seedlings were given an additional 

24 hr so that the first leaf emerged completely from the coleoptile. 

Table 6 shows the results of this experiment. Only dl coleoptiles 

respond to GÂ  All the mesocotyls show a response to GÂ . The meso

cotyl response of the heterozygous plants (Table 6) can be reconciled 

with published data (Homan and Harris 1965) on the bases of GA 
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Table 6. Effects of GÂ  on morphology of 1:1 segregants. — Seedlings 
were measured at 132 hr. Tabulated values indicate mean 
length in mm. Ihe same superscript letter indicates lack of 
significance at a = .05 using Student's t. 

Genotype 

Goleoptile Mesocotyl 

Genotype Control GA3 Control GA3 

+/dl 36.0a 35-la 39.5 .̂9 

dl/dl 23.0 26.3 16.3 25.4 

dl-T/dl-T 3̂ .1l> 35.4b 2 6.6 31.6 

+/dl-T ^6.7° 4̂.9° 37-1 7̂.5 
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concentration and genotype differences. The response of the dwarfs is 

never as great as that of normal heterozygotes. Ibis indicates that 

this concentration of GÂ  invokes a response, but that this response is 

below optimum level. The response of the heterozygotes to GÂ  indi

cates that the concentration falls below the level that causes 

depression of tissue response in normal plants. The study shows that 

this GÂ  concentration is ideal for demonstrating a response and falls 

within the range of physiological concentration. 

Effects of Growth Regulators on 
Coleoptile and Mesocotyl Length 

Table 7 shows the averaged means for all replicates of each 

treatment. Both coleoptile and mesocotyl of water-treated dl are in 

close agreement with values reported in the literature (Homan and 

Harris 19&5» Hansen 1957)• It is interesting that all untreated dwarf 

coleoptiles are the same mean length whereas the mesocotyls are differ

ent. Treatment with GÂ  (Table 8) has a definite effect on dl tissues 

and on dl-T and F-l mesocotyl length. The effect of GÂ  on coleoptile 

length in dl-T and F-l (Table 7) is significant, but it is not as 

striking as the effect on the dl coleoptile. 

The effect of GÂ  (Table 8) is to increase the length of meso

cotyl and coleoptile of dl but to decrease the length of normal tissues. 

No effects on dl-T tissues or F-l coleoptile are apparent. The data 

from Table 7 show that GÂ  decreases mean length for dl-T coleoptile 

but increases dl-T mesocotyl length. This apparent inconsistency can 

be explained by the control being the mean of untreated coleoptile or 

mesocotyl lengths for all experiments. That is, the data for GÂ , GÂ ,, 
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Table 7« Mean lengths for 108 hr seedlings treated with plant 
hormones. — Length of tissue is expressed in mm. 

Ehenotype Tissue 

Treatment 

Ehenotype Tissue Control GA3 GA7 cAMP 

Normal Goleoptile 32.22 30.82 29.17 35.68 

Mesocotyl 25.12 21.00 20.35 28.00 

dl Goleoptile 22.64 31.58 25.11 29.32 

Mesocotyl 9.01 16.97 20.92 11.98 

dl-T Goleoptile 22. 47 25.07 20.68 23.79 

Mesocotyl 18.99 24.22 20.93 23.14 

F-l Coleoptile 24.04 27.82 22.33 25.63 

Mesocotyl 23.61 29.03 28.92 28.48 
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Table 8. Morphological effects of plant hormones. — Tabulated values 
are weighted tissue length differences, in mm, between 
treated and control. GA3, GA-p, or cAMP were used for treat
ment. 

Treatment 

Phenotype Tissue GA3 GA7 cAMP 

Normal 

dl 

dl-T 

F-l 

Coleoptile 

Mesocotyl 

Coleoptile 

Mesocotyl 

Coleoptile 

Mesocotyl 

Coleoptile 

Mesocotyl 

0 

0 

8.68 

7.76 

1.87 

7-53 

2.37 

7.04 

-3.60 

-4.30 

7.05 

7.51 

0 

0 

0 

5.63 

0 

0 

9.1U 

2.44 

1.27 

1.69 

3.25 

1.51 
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and cAMP controls were pooled. The decrease in length of normal tissue 

that is caused by GÂ  indicates that this hormone is more active at 

lower concentrations than GÂ , and GÂ  is being applied at levels 

higher than physiological concentration. Ihe effect of GÂ  on the F-1 

appears to be intermediate between that on the parents. 

Treatment with cAMP (Table 8) evokes a small response in the 

mesocotyl length of all three dwarfs and a larger response in the dl 

coleoptile. Cyclic AMP appears to be mimicking the effect of GÂ  on 

all coleoptiles. Table 8 suggests that the cause of mesocotyl elonga

tion can be divided into two components. It has been reported that 

reduced cell division and reduced cell elongation occur in dl meso-

cotyls (Hansen 1957)* lhe smaller effect of cAMP on dwarf mesocotyls 

(Table 8) could be explained if only one of these processes is stimu

lated. Gibberellins are known to increase both cell division and cell 

elongation (Phinney and West i960). Because the reduction in dl cole

optile length results solely from reduced cell elongation (Harris 1953)« 

the comparative responses of this tissue to GÂ  and cAMP are consistent 

with the interpretation that cAMP stimulates cell elongation, but not 

cell division. This is in direct opposition to current evidence from 

other plants disclaiming cAMP-mediated cell elongation (Edgerton et al. 

1975)• Regardless of the interpretation of the mode of action, the 

data suggest that applied cAMP and GÂ  share similar effects. 

Data in Tables 7 and 8 illustrate a general trend toward 

greater response to treatment in dl plants than in dl-T plants. Ihe 

F-1 plants appear to resemble more closely the dl-T plants in their 

magnitude of response to treatments. 
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Interaction of cAMP and GÂ  

These experiments were conducted to detect the possibility of 

synergistic action between cAMP and GÂ  to increase the length of the 

coleoptile and mesocotyl of dwarf plants. Table 9 shows that no addi

tive effect of cAMP and GÂ  is apparent in dl or dl-T plants. These 

results imply that the two regulators have the same mode of action. 

This adds to the evidence of cAMP mediation of some GÂ  responses. 

GÂ  Effects on Seedling Morphology 

The dramatic effect of GÂ  treatment on the dwarf seedlings is 

seen in Fig. 3* The treated dwarfs are almost indistinguishable from 

normal plants. 

Che of the reported effects of GA is to increase leaf length 

and width in dl (Pelton 1962). Data presented in Table 10 suggest that 

this occurs in all three dwarf phenotypes. When compared with 108 hr 

control plants, the reduced mesocotyl length in 12 day old control 

plants is caused by the depth of planting. The differences between dl 

and dl-T are striking for both the control and the treated plants. 

Although control F-1 plants (Table 10) are consistently smaller 

than normal controls, treated F-1 plants are larger than control or 

treated normals. The increased lengths of control F-1 plants over dl 

and dl-T controls are the effect of heterosis. The effect of GÂ  

treatment on the F-1 is therefore a combination of the normal response 

of dwarf-one alleles to GA and to heterosis. Unfortunately, an insuf

ficient supply of F-1 seeds necessitated elimination of this phenotype 



32 

Table 9» Interaction of GA3 and cAMP. — Seedlings were measured at 
108 hr. Tabulated values indicate mean tissue length in mm. 
The same superscript letter indicates lack of significance at 
a = .05 using the SNK test. 

Treatment 

Tissue Phenotype Control GA3 cAMP GÂ -cAMP S-

Coleoptile dl 17.1 2b.3a 20.3 23.4-a 0.825 

dl-T I8.3 21.lb 22.lb 21.5b 0.9̂ 7 

Mesocotyl dl 7.1 1̂ .2C 9A 14.1° O.607 

dl-T I3.3 21.8d 16.2 23.6d O.856 



Figure 3* Control and GÂ -treated 12 day old seedlings.  ̂
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Table 10. Effects of GA-j on morphology of 12 day old seedlings. — 
Tabulated values indicate length in mm. 

Parameter Phenotype 

Treatment 

Control GÂ  

Length of coleoptile Normal 30.0 27.2 

dl 16.9 26.9 

dl-T 25-9 25.6 

F-l 25.1 29.2 

Length of mesocotyl Normal 14.1 19.1 

dl 3.6 7.8 

dl-T 10.0 11.7 

F-l 17.6 18.7 

Length of 1st leaf Normal 69.2 67.I 

dl 39.0 65.8 

dl-T 51.1 59.6 

F-l 58.1 71.2 

Length of 2nd leaf Normal 137.5 126.8 

dl 62.0 82.1 

dl-T 95.6 104.0 

F-l 122.6 154.9 

Total height Normal 204.2 205.4 

dl 94.8 152.8 

dl-T 138.8 I63.8 

F-l 170.1 220.8 
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from the remainder of the seedling morphology studies, but one would 

expect to observe the same effect in older seedlings. 

Ihe apparent reduction in the size of the day old seedlings 

(Table 11) compared to 12 day old seedlings (Table 10) is impressive. 

However, the differences are caused by fewer replicates for 12 day old 

seedlings. In general, dl plants exhibit a greater response than dl-T. 

Ihe response of normal plants to GÂ  is greater at 14 days. Mesocotyl 

length for treated and untreated dwarfs is greater at 14 days. 

Data from 17 day old seedlings (Table 12) show increases in 

mesocotyl length, length of second leaf and total height. These in

creases are seen in treated and untreated plants of all phenotypes. 

Ihe response of the normal plants at 14 and 1? days is unexpected, 

based on data from 108 hr and 12 day seedlings. This response is 

probably caused by greater absorption of GA by plants with greater leaf 

area. There is evidence of a 70% increase in uptake of labeled GA for 

normal over the dwarf maize, d5 (Davies and Eappaport 1975)• 

Seedling measurement data are consistent with data for 108 hr 

plants in showing a greater response to applied GÂ  by dl plants than 

dl-T. Tables 10-12 illustrate this fact, particularly with respect to 

length of second leaf and total height. 

Inhibitor Studies 

Ihe initial requirement for any inhibitor study is to show that 

it has an effect on normal plants. Table 13 presents data for coleop-

tile and mesocotyl of four phenotypes. The effect of AMO 1618 is 

marked in the normal plants. Data in Table 14 suggest that the effect 
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Table 11. Effects of GA3 on morphology of 14- day old seedlings. — 
Tabulated values indicate length in mm. 

Treatment 

Parameter Hienotype Control QA-3 

Length of coleoptile Normal 24.0 30.8 

dl 17.1 23.7 

dl-T 22.4 24.8 

length of mesocotyl Normal 13.? 16.3 

dl 7.2 13-7 

dl-T 11.3 14.2 

length of 1st leaf Normal 61.5 80.6 

dl 43.0 59.9 

dl-T 45-5 56.1 

Length of 2nd leaf Normal 108.6 134.2 

dl 66.4 90.1 

dl-T 74.5 85.2 

Total height Normal 159.9 211.7 

dl 96.7 151.4 

dl-T 112.9 I36.O 
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Table 12. Effects of GA3 on morphology of 17 day old seedlings. -
Tabulated values indicate length in mm. 

Treatment 

Parameter jFhenotype Control GA3 

Length of coleoptile Normal 25.4 31.4 

dl 19.9 26.8 

dl-T 22.4 28.1 

Length of mesocotyl Normal 12.5 17.9 

dl 11.4 13.O 

dl-T 16.0 18.8 

Length of 1st leaf Normal 64.8 80.9 

dl 42.0 63.2 

dl-T 4 6.7 58.2 

Length of 2nd leaf Normal 158.9 206.7 

dl 100.4 15̂ .3 

dl-T 106.5 131.7 

Total height Normal 247.6 312.9 

dl 135.8 228.7 

dl-T 143.6 193.7 
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Table lj. Mean lengths for 108 hr seedlings treated with AMO 1618. — 
Length of tissue is expressed in mm. The same superscript 
letter indicates lack of significance at a = .05 using 
Student's t. 

Coleoptile Mesocotyl 

fhenotype Control AMO Control AMO 

Normal 29.61 21,80ac 28.84f 11.97he 

dl l?.00ab 19.00ab I6.25des 10.25h 

dl-T 21.4la 15.31b 21.35d I6.64g 

F-l 25.22° 18.*f-3ab 27.89f ll.?lhe 
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Table 14. Effects of germination in AMO 1618 on normal seedlings. — 
Seeds were germinated in AMO 1618 or water for 108 hr, then 
transferred to vermiculite with water or GA3 as indicated. 
At 12 days of growth, six seedlings of each type were 
measured and tabulated values indicate means in mm. The 
same superscript letter indicates lack of significance at 
a = .05 using the SNK test. 

Treatment 

Parameter AM0/H20 AMO/GA3 H2O/H2O H2O/GA3 S-

Length of coleoptile 30.57a 30.14a 34.43a 35.43a 2.29 

Length of mesocotyl 23.70b 21.00b 33.43 40.57 2.58 

Length 
leaf 

of first 
sheath 

49.00° 66.l4d 46.70° 62.86d 3.90 

Length of first leaf 43-43® 44.29® 44.29® 47.00e 14.09 

Total height I66.86f 211.86f 199.29f 207.00f 11.29 
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of AMO 1618 is transient except in the reduction of mesocotyl length. 

Obviously, the damage to the mesocotyl is permanent and cannot be re

versed by GÂ  treatment. 

All dwarfs have reduced mesocotyl length with AMO 1618 treat

ment. Treated normals dl-T, and F-l mesocotyls (Table 13) are equal to 

the length of untreated dl. Coleoptiles of dl-T and F-l plants are 

reduced to the length of untreated dl. These observations suggest that 

AMO 1618 prevents growth increases of dl-T and F-l plants over dl. The 

point of action of AMO 1618 may be in GA utilization rather than GA 

biosynthesis (Crozier et al. 1973)* 

The effect of GÂ  on dl plants (Table 15) shows that AMO 1618 

pretreatment reduces the total height and the length of the first leaf 

sheath. GÂ  can overcome the effect of AMO 1618 and restore growth. 

The effect of AMO 1618 on mesocotyl length (Table 13) is absent in 

Tkble 15 and GÂ  has no effect. This is probably because the time of 

transfer to GA was delayed by five days. 

The effect of the transfers on dl-T (Table 16) shows a recovery 

of all tissues but the coleoptile. Depression of coleoptile growth is 

a function of time of transfer from AMO 1618. The mesocotyl shows the 

same response as that of dl plants. The recovery of dl-T first leaf 

sheath suggests a basic difference between dl-T and dl with respect to 

the genetic block. 

The F-l first leaf sheath length (Table 17) shows an effect of 

AMO 1618 treatment. The F-l is not intermediate between dl and dl-T 

plants. The dl allele participates more in recovery of the F-l than 

does the dl-T allele, as seen for total height and leaf sheath length. 
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Table 15« Effects of germination in AMO 1618 on dl seedlings. — Seeds 
were germinated in AMO 1618 or water for 108 hr, then trans
ferred to vermiculite with water or GA-j as indicated. At 12 
days of growth, six seedlings of each type were measured 
and tabulated values indicate means in mm. The same super
script letter indicates lack of significance at a = .05 
using the SNK test. 

Treatment 

Parameter AMO/H2O AMO/GA3 H2O/H2O H2O/GA3 Sx 

Length of coleoptile 19«70a 22.17a 22.30a 26.70a 2.43 

Length of mesocotyl 10.17̂  12.83bc 19.70bc 22.30° 2.91 

Length of first 
leaf sheath 24.83 51.30d 36.17 53-50d 2.59 

Length of first leaf 31.83s 36.50ef 42.30fg 44.17e 2.08 

Total height 106.17 156.70h 139.17h 187.00 6.27 
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Table 16. Effects of germination in AMO 1618 on dl-T seedlings. — 
Seeds were germinated in AMO 1618 or water for 108 hr, then 
transferred to vermiculite with water or GÂ  as indicated. 
At 12 days of growth, six seedlings of each type were 
measured and tabulated values indicate means in mm. Ihe 
same superscript letter indicates lack of significance at 
a = .05 using the SNK test. 

Treatment 

Parameter AM0/H20 AMO/GA3 H20/H20 H2O/GA3 S-

Length of coleoptile I6.17a 24.30b 26.17b 26.17b 1.62 

Length of mesocotyl 20.50° 22.1?° 26.17° 24.00° 2.12 

Length of first 
leaf sheath 24.83d 38.50® 28.17d 41.17® 2.79 

Length of first leaf 35.1?f 39.00f 4l.30f 4l.00f 3.07 

Total height 111.67s 130.00s 137.00s 144.67s 8.55 
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Table 17. Effects of germination in AMO 1618 on F-l seedlings. — 
Seeds were germinated in AMO 1618 or water for 108 hr, then 
transferred to vermiculite with water or GÂ  as indicated. 
At 12 days of growth, six seedlings of each type were 
measured and tabulated values indicate means in mm. The 
same superscript letter indicates lack of significance at 
a = .05 using the SNK test. 

Treatment 

Parameter AMO/H2O AMO/GA3 H2O/H2O H20/GA3 Sx 

Length of coleoptile 24.83A 24.00A 27.83A 27.30a 1.35 

Length of mesocotyl I4.30B 19.67BC 27.00CD 30.17D 2.49 

Length of first 
leaf sheath 

36.00 55.30 41.70 63.70 1.80 

Length of first leaf 42.83S 46.17E 48.00® 55.50 2.12 

Total height 143.80 176.50F I68.00F 209.50 6.05 
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These experiments clearly show that AMO 1618 affects normal 

plants. This effect is reversed by transferring the plants from AMO 

1618. The various responses of dl, dl-T, and F-l suggest partial domi

nance, at the point of action of the inhibitor, of the dl allele over 

the dl-T allele. 

In summary, a morphological examination of growth regulator 

effects shows a difference between the two mutant alleles. 



CHAPTER 4 

AUXIN PRODUCTION 

The plant hormone most commonly associated with cell elongation 

is indole acetic acid (IAA or auxin). It is interesting that in 50 

years of study there has "been no real progress made in elucidating its 

mode of action (ihimann 197*0 • The purpose of this chapter is not to 

examine the mode of action of auxin, but to determine the auxin produc

tion by the dwarf plants. 

Review of the Literature 

The immediate effect of auxin application to Avena coleoptiles 

and to other tissues is cellular elongation. Auxin acts primarily by 

stimulating transport of hydrolases and/or new cell wall precursors or 

by loosening the cell wall itself (Galston and Bavies 19&9, Bay 1969). 

The effects of auxin on enzymatic activity and net biosynthetic rate 

are a regulatory function of cell wall expansion (Ray 1969). 

Growth regulation in Avena and dwarf Japanese morning glory 

appears to be a consequence of reduced auxin degradation in the younger 

tissues (Rajagopal and Larson 197*0. I*1® site of auxin production in 

corn coleoptiles is the tip, with maximum production at 90 hr following 

germination; and a minimum of 3 hr is needed for the maximum amount of 

auxin to diffuse out of cut tips (Briggs, Tocher and Wilson 1957» 

Greenwood et al. 1973)• Auxin at 10"̂  M causes a rapid elongation of 
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corn coleoptile sections; however, higher concentrations inhibit elon

gation for a short period of time (Rayle, Evans and Hertel 1970), 

Coleoptiles of dl plants produce and contain half the auxin of 

normals if measured by diffusion tests or ether extracts (Harris 1953» 

Homan and Harris 1965). Auxin has no effect on growth of intact cole

optiles of normal or dl plants; however, auxin causes cell elongation 

in sections of normal coleoptiles (Harris 1953» Chang and Ruddat 197̂ 0• 

There is less auxin lost passing through dl coleoptile sections than 

through normal sections, and auxin production is not the limiting 

factor in dl growth (Harris 1953s Hiinney and West i960). 

The effect of gibberellins is to presensitize cucumber hypo-

cotyl cells to the subsequent action of auxin on cell elongation 

(Kazama and Katsumi 197*0 • Ihe effect of pretreatment with GÂ  (10 ̂  

M) or cAMP (10~5 M) is the same in cucumber hypocotyls (Katsumi and 

Kazama 197̂ )• A synergistic effect of auxin and GÂ  occurs in intact 

tomato plants (Grunwald and Lockard 1973)- No evidence of synergism 

of auxin and GÂ  exists for dl seedlings (Homan and Harris 19&5)• GA 

promotes the transport of auxin to shoots in beans by a cycloheximide 

sensitive process (Basler 197̂ )• 

The effect of GÂ  in dl coleoptiles is to double the auxin 

production and content, measured as diffusible and ether-extractable 

auxin (Homan and Harris 1965)• In dl coleoptile sections, pretreatment 

with GÂ  causes auxin stimulation of elongation (Ruddat and Chang 197*0 • 

Simialtaneous or sequential applications of GÂ  and auxin to normal and 

dl coleoptile sections show that GÂ  treatment is required to obtain 

some substance for auxin-induced elongation and that the effect of GÂ  



4-7 

pretreatment is Actinomycin D sensitive (Ruddat and Chajtig 197*0 • The 

response is highly specific for the dl allele. Another corn dwarf, 

petite-1, shows less cell division and elongation in the coleoptile and 

mesocotyl (Hall and Harris 1968) and has less diffusible auxin than 

normal sibs. However, GÂ  affects neither growth nor auxin production 

in this dwarf (0*Donald 1959)• 

Materials and Methods 

Auxin Extraction 

All seed sources, treatments, and germination methods are 

described in the Materials and Methods section of Chapter 2. The seeds 

were germinated in the Avena chamber for 96 hr. The first 3 11111:1 "the 

coleoptile tip was excised and placed on 2% agar blocks on glass slides. 

Ihe glass slides were set on moist filter paper in petri dishes. The 

dishes were placed in the 23+1 chamber for 5-6 hr. The agar blocks 

2 were then cut into twelve 1 mm sections and placed in 20-ml capped 

test tubes with 1 ml of standard Avena test buffer solution (Nitsch and 

Nitsch 1956). The tubes were then placed in the k C cold room for 12 

hr before use in the bioassay. 

Auxin bioassay 

Standard IAA solutions of 0,' 25, 50, 100, 200, and 400 ug/l 

were made by serial dilutions with buffer from a stock solution of 

10 mg IAA/l ml ethanol. One milliliter of standard solution was added 

2 to each tube, with twelve 1 mm sections of Z% agar, and the tube was 

stored for 12 hr at 4 G. The standard straight growth test for auxins 
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was performed (Nitsch and Nitsch 1956) with the following modifications: 

Avena seeds (var. Victory) from Research Station, Winnipeg, Manitoba, 

Canada were surface sterilized before placement in pans and 5-imn 

sections were cut beginning a,t J mm below the tips. The sections were 

floated for 1 hr in 1 mg/l MnSÔ -Ĥ O solution. Thirty sections were 

placed in each tube. 

Analysis of Bioassay Data 

All sections were measured to the nearest 0.5 mm. The means, 

standard errors, and numbers measured for each of the four replicates 

are listed in tables of Appendix E. Only the values of standard IAA 

solutions 0, 25» 50 j and 100 ug/l are given because the standard curve 

was linear only in this portion. 

For each replicate, a linear regression was run with the log of 

the concentration as the independent variable and the increase over 

untreated as the dependent variable. The values were then used to 

determine IAA concentration equivalents for each of the genotypes. For 

comparisons of normal, dl, dl-T, and F-l, the amount of IAA was 

expressed as the mean amount of auxin/coleoptile tip. Three replicates 

were performed. The data were analyzed on the basis of Avena section 

length rather than on amount of auxin/tip. 

Results and Discussion 

One report about diffusible auxin in dl coleoptiles describes 

results obtained with GA solutions of 1.3 x 10~̂  M and observes a 

doubling in the amount of auxin (Homan and Harris 19&5)• Data in 
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Table 18 show that GA at 2.6 x 10~̂  M also doubles auxin content of dl. 

However, in dl-T and F-l there is no significant difference between 

treated and untreated coleoptile tips. This is strong evidence for a 

differing function of the dl and the dl-T alleles. If the single gene 

mutation, dl, blocks auxin synthesis as well as auxin utilization 

(Harris 1953)s then it is expected that all alleles of the dwarf-one 

locus should show some effect on auxin content. The significant 

difference between dl and dl-T untreated coleoptiles as well as the 

lack of significance among untreated normals, dl-T, and F-l, and among 

treated plants of all four phenotypes indicates that synthesis and 

utilization of auxin are separable functions of the dwarf-one locus. 

The F-l data (Table 18) show that the dl-T allele is dominant over the 

dl allele for auxin production. 

The increased auxin production of untreated dl-T coleoptiles 

compared to dl can explain some of the differences in the morphology of 

mature plants reported in Chapter 2 and the morphological responses to 

growth regulators reported in Chapter 3« 

Cyclic AMP (Table 19) does not increase auxin levels in dl 

coleoptiles, nor is there a synergistic effect of GÂ -cAMP treatment. 

Because there is no significant difference among any of the normals in 

this test, the data are omitted from Table 19. Considering effects of 

cAMP on morphology, it is interesting that cAMP does not affect auxin 

levels. This indicates that, if cAMP is mediating some GA responses, 

auxin production is not one of them. 
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Table 18. Avena test for auxin differences. — Tabulated values indi
cate mean jag/l of IAA per coleoptile tip. The same 
superscript letter indicates lack of significance at a = .05 
using Student's t. 

Treatment 

Phenotype Control GA3 

Normal 2.8W3- 2.̂ 92a 

dl 1.042 3.835a 

dl-T 1.853a 2.3̂ 4a 

F-l 2.l65a 2.983a 

Table 19. Avena test for interaction. — Tabulated values indicate 
.Ug/l of IAA produced by 12 coleoptile tips. The same super
script letter indicates lack of significance at a = .05 
using Student's t. 

Treatment 

Hienotype Control GA3 cAMP GA3-CAMP 

dl 

dl-T 

5.26a 

21.97b 

24.90b 

17.37b 

7.60a 

27.84b 

31.W3 

19.65b 



CHAPTER 5 

ENZYMATIC RESPONSES TO GROWTH REGULATORS 

Morphological responses to growth regulators are associated 

with enzymatic changes in the tissues. The purpose of this chapter is 

to examine some of the 'biochemical characteristics of the dwarf-one 

alleles and their enzymatic responses to hormones. 

Review of the Literature 

Cell elongation results from osmotic processes which are func

tions of the osmotically active material in the vacuole and of cell 

wall resistance (van Overbeek 1966). GA-mediated elongation in dwarfs 

can occur by releasing enzymes to weaken the cell wall, by increasing 

proteolytic breakdown, thereby making more tryptophan available for 

auxin synthesis, and by increasing a-amylase activity, resulting in 

increased osmotically active materials (van Overbeek 1966). 

In recent years, great attention has been given to the effect 

of GÂ  on de novo synthesis of a-amylase and activity of hydroly-bic 

enzymes in the germinating barley grain (MacMillan 1972, Jones 1973)• 

This effect of GÂ  is analogous to the effect of animal hormones on 

cell membrane permeability (MacMillan 1972). The GA effect appears to 

be at the post-transcriptional level for a-amylase in barley aleurone 

(Carlson 1972). 

51 
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The evidence for a cAMP effect, which is similar qualitatively, 

if not quantitatively, to that obtained by gibberellins, is mounting. 

This effect is found for all enzymes involved in the germination of 

barley and wheat (Pollard 1971? Nickells, Schaefer and Galsky 1971; 

Earle and Galsky 1971; Gilbert and Galsky 1972). It has been hypoth

esized that cAMP is a second messenger for GA in repression of histone 

synthesis in Vicia faba (Grahek 1973)• GA stimulation of cAMP synthe

sis and repression of cAMP degradation has been reported (Pollard 1970, 

1971)• However, different sites of GA and cAMP action may be indicated 

by a lack of increase in cAMP levels with GA treatment and differences 

in inhibition and kinetics for GA and cAMP treatment found in barley 

aleurone (Keates 1973« Barton et al. 1973)* Regardless of the mode of 

action, cAMP increases a-amylase activity. 

There is evidence of GA-induced enzyme changes in elongating 

tissues of corn, peas, morning glory, tobacco, and sugar cane (Jones 

1973)* In dicot leaf tissue, GA increases amylase and peroxidase ac

tivity, as well as ribulose-1,5»-diphosphate carboxylase activity 

(Stoddart 1972). Amylase activity is increased in digitgrass leaf 

blades by GA (Garter, Garrard and West 197*0• In dwarf peas, GA stimu

lates photosynthesis and respiration as well as a-amylase activity in 

internodes (Broughton, Hellmuth and Yeung 1970). Gibberellins applied 

to pea internodes increase the glucose supply, and glucose alone will 

stimulate elongation (Broughton and McComb 1971). In d5 mutants of corn, 

GA-simulated leaf sheath elongation has been correlated with a-amylase 

activity (Katsumi and Fukuhara 1969). Studies using the dwarf corn 

mutants, dl, d3, and d5 show that GA stimulation of a-amylase activity 
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and sheath elongation are separable events, although an increased sup

ply of reducing sugars is necessary to maintain elongation (Katsumi 

1970). 

There are many examples of altered peroxidase activity related 

to dwarfism in plants (Nelson and Burr 1973)* Treatment with GA 

reduces the abnormally high peroxidase activity of dl leaf sheaths and 

dwarf pea internodes (Galston and McCune 1961). Application of GA to 

some dwarfs shifts the intensities of electrophoretic peroxidase bands 

to resemble the pattern found for normal plants (Galston and McCune 

1961, McCune 1961). Although the peroxidase with the highest IAA 

oxidase activity is found in the vascular system of peas, there is no 

evidence of correlations between isoperoxidase activities and internode 

elongation in dwarf peas (Macnicol 1966, 1973)• Activity and electro

phoretic patterns of corn nana-1 mutant mesocotyl peroxidases are not 

correlated with mesocotyl elongation (Shoemaker and Harris 1975)• 

Auxin and GA evoke the appearance of a fast migrating isoperoxidase in 

tobacco pith cultures (Lee 1972). When sections of pea stem are cut, 

two new isoperoxidase bands appear during electrophoresis. Applied 

auxin prevents the appearance of both bands, but applied GA blocks the 

appearance of only one of these (Ockerse and Mumford 1973)" When 

elongation ceases in peas, peroxidase with higher activity is found in 

cell walls and free in the cytoplasm (Gardiner and Cleland 197*0• 

Evidence indicates that the cessation of cell elongation occurs through 

peroxidase-induced lignification, auxin destruction, and extensin-

induced wall stiffening in all plants (Gardiner and Cleland 197*0 • 
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Materials and Methods 

Extraction Procedures 

All seeds were treated and germinated as described for 108 hr 

old seedlings in the Materials and Methods section of Chapter 3» Meso-

cotyl, coleoptile, and leaf tissue were frozen separately in liquid 

nitrogen. The tissue was ground in a Waring blender with 15 ml of 0.3% 

CaClg (pH 7). The extract was centrifuged for 10 min at 4000 rpm. The 

supernatant was divided into 5~ml and 9-rcl portions. The 5-ml portion 

was adjusted to a volume of 6 ml using 0.001 M acetate buffer (pH 5*6). 

Fourteen milliliters of absolute ethanol were added and the mixture 

(designated A) was left for 30 min at 4 G. The 9-ml portion was 

adjusted to a final volume of JO ml with absolute ethanol and the 

mixture (designated B) was left for 30 min at 4 G. The precipitates, 

obtained by centrifugation at 10,000 rpm for 30 min, were used for the 

remainder of the experiments. 

a-Amylase Assay 

All solutions in the assay were made according to Shuster and 

Gifford (1962) and modified according to Starmer (1972). The smaller 

amount of precipitate (from mixture A) was homogenized in 1 ml of 0.001 

M acetate buffer (pH 4.8). The homogenate was then allowed to set for 

1 hr at 4 G. Then 0.3 nil of the homogenate was placed in each of two 

spectrophotometer tubes, final volume was brought to 1 ml with acetate 

buffer, 1 ml of substrate (1.5 mg/ml soluble starch, reagent grade) was 

added, and the tubes were placed in a shaker bath at 40 C for 20 min. 

The reaction was then stopped by the addition of 1 ml of iodine 
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solution. The final volume in the spectrophotometer tubes was adjusted 

to 8 ml by adding 5 ml °f distilled water. Ihe percent transmittance 

was determined at 620 nm on a Beckman Spectronic 20. Ihe standard 

curve was determined using 1.5 rag, 1«35 mg» 12. mg, 0.9 mg, and 0.75 mg 

of starch in acetate buffer. 

The concentration of protein was determined by dilution of the 

remaining homogenate with 1 ml of buffer, and 0.1 ml of that solution 

was used to estimate protein by the Folin phenol method (Lowry et al. 

1951). 

Electrophoretic Analysis 

All buffers and techniques for electrophoresis are according to 

Hall (1973) ajid Davis (1964). Ihe larger amount of precipitate (from 

mixture B) was homogenized in running buffer with 10% sucrose, and 100 

ul of homogenate were placed on each of two gels. 

Amylases were stained according to Brewbaker et al. (1968) and 

Hall (1973)• Peroxidases were visualized by soaking the gels for 30 

min in 50 ml Sorenson's buffer (pH 7) with 250 mg pyrogallol as the 

substrate. The gels were then transferred to 50 ml of 0.3% for 15 

min. Distances from the origin, of peroxidase and amylase bands and 

the manning front, were recorded. 

Analysis of Data 

For analysis of a-amylase activity, the amounts of starch con

verted and amount of protein were determined, using linear regression 

analysis. The values for each treatment were then calculated in terms 

of mg of starch converted/mg of protein. Amylase activity is expressed 
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as the ratio, GA activity/control activity, and represents means of 

four replicates for GÂ  treatment, two replicates for GÂ  treatment and 

three replicates for cAMP treatment. 

ELectrophoretic data were analyzed by determining the R̂  values 

for all bands. Ihe bands were then grouped and the means and standard 

deviations determined for each phenotype and treatment. Each band 

within phenotype and treatment is significant at the a = .05 level 

using Student's t. 

Results and Discussion 

a-Amylase Activity 

Ihe a-amylase data are related to the morphological data. The 

morphological data in Table 8 show that normal coleoptile and mesocotyl 

do not elongate with GÂ  or cAMP; in fact, they decrease with GA,-,. 

Data in Tkble 20 show no increased a-amylase activity with cAMP for any 

normal tissue. A small increase in activity in normal coleoptile and 

mesocotyl can be observed with GA,-,. Normal coleoptiles show an 

increase with GÂ  treatment but this may not be significant. Ihese 

data indicate that changes in a-amylase activity are related to GA and 

cAMP responses. 

Data from Table 8 show increases in dl coleoptile length for 

all treatments. Ibis correlates with increased a-amylase activity 

recorded in Table 20. Ihe mesocotyl length of dl increases less with 

cAMP than with GÂ . Ihe a-amylase activity in the mesocotyl is 

increased by GÂ  but not by GÂ  or cAMP. Ihe relationship in dl 

between amylase activity and coleoptile elongation is clear, but this 
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Table 20. Amylase activity. — Activity calculated as mg starch 
converted/mg protein. Tabulated values indicate ratio of 
treated/control activities. 

GA3 

Treatment 

GA? cAMP 

1.21 

1.85 
1.44 

0.91 

0.93 

1.54 

1.05 

1.30 

1.05 

1.40 

1.11 

1.26 

1.24 

1.40 

0.83 

1.46 

1.39 

0.89 

0.51 

0.96 

0.80 

0.83 

1.02 

0.64 

0.94 

1.64 

0.58 

0.46 

1.07 

0.97 

0.72 

0.75 

1.08 

1.16 

1.46 

1.54 

Tissue Hi enotype 

Goleoptile Normal 

dl 

dl-T 

F-l 

Mesocotyl Normal 

dl 

dl-T 

F-l 

Leaf Normal 

dl 

dl-T 

F-l 
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is not true for mesocotyl elongation. However, mesocotyl elongation is 

a function of both cell elongation and cell division (Hansen 1957)• 

The dl-T data in Table 8 show increased coleoptile and meso

cotyl lengths, only for GÂ  and cAMP treatments. Amylase activity 

(Table 20) increases only in GÂ -treated dl-T coleoptiles. 

The F-1 data (Table 8) show mesocotyl length increases for all 

treatments, but coleoptile length increases only with GÂ  and cAMP. 

The a-amylase activity (Table 20) is elevated only in GÂ -treated meso-

cotyls and GÂ -treated coleoptiles. This places the F-1 response 

somewhere between that of dl and dl-T. 

The a-amylase activity in leaf tissue (Table 20) demonstrates a 

somewhat similar effect of GÂ  and cAMP treatment. No relationship 

between GÂ  and cAMP treatments is evident. There is no correlation 

in a-amylase activity and mesocotyl elongation for any dwarf. Amylase 

activity in dl-T and F-1 coleoptile are not correlated with elongation 

responses. Increases of a-amylase activity in dl coleoptiles are 

correlated with elongation of the tissue. 

ELectrophoretic Patterns 

Amylases. Table 21 lists the R̂  values for the amylase band 

observed. Each is the mean of four extractions. A different value 

is found for dl-T coleoptile than for dl or F-1. The dl-T mesocotyl 

does show a significant shift in band position with treatment, and the 

GÂ -treated mesocotyl band is at the same position as are the dl and 

F-1 mesocotyl and coleoptile bands. 
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Table 21. Amylase gel electrophoresis. — % was calculated as the dis
tance of the band from the origin divided by the distance of 
the running front from the origin. SD represents the stand
ard deviation of the Rf values. 

Tissue Ehenotype 

Control 

Rf SD 

GÂ  

Rf SD 

Coleoptile Normal .231 .009 .230 .011 

dl .155 .015 .154 .020 

dl-T .108 .011 .117 .027 

F-l .176 .020 .186 .015 

Mesocotyl Normal .232 .065 .235 .011 

dl .162 .021 .162 .018 

dl-T .163 .024 .113 .012 

F-l .195 .026 .193 .016 

Leaf Normal. .238 .016 .220 .018 

dl .15̂  .024 .151 .00 5 

dl-T .176 .011 .197 .033 

F-l A9k .014 .196 .006 
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Peroxidases. The mesocotyl peroxidase pattern (Table 22) is 

not changed with treatment for any phenotype. There is a band differ

ence between the dwarfs and normal plants. The fourth band is not 

present in normal plants; however, this is probably due to different 

genetic backgrounds. There is a shift in intensity in treated dwarfs. 

The third band in normals, 0.166, stains most heavily, but this is 

not true in the dwarfs until they are treated with GÂ . The shift in 

intensity is in accord, with the literature (McCune 1961). Like meso

cotyl tissue, the pattern for leaf tissue (Th,ble 23) shows no effect of 

treatment. The band difference between dwarfs and normals is, again, 

due to genetic background. A shift in intensity is observed, from a 

darker third band in untreated dwarfs to a lighter fourth band in 

treated dwarfs and normals. 

The data for coleoptile tissue is listed in Table 24 and the 

pattern is depicted in Fig. Treatment with GÂ  results in four 

bands for each phenotype. The first, second, and fourth bands appear 

equivalent for normals and treated dwarfs. The third band in treated 

dwarfs is different from the third band in normals. The treated dl, 

dl-T, and F-l coleoptiles show three, five, and four bands, respec

tively. An additional band appears in di with treatment. The effect 

of treatment on dl-T is to replace the third and fourth bands with a 

single band. A shift in intensity is observed in F-l coleoptiles; the 

second band in the treated dwarfs increases in intensity to equal that 

of the third band in normals. 

The shift in intensity in mesocotyl and leaf tissues and the 

band differences in coleoptile tissue indicate a definite effect of 
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Table 22. Mesocotyl peroxidase gel electrophoresis. — Three to five 
bands were observed for each gel and Ef for each band was 
calculated as the distance of the band from the origin 
divided by the distance of the running front from the origin. 
SD represents the standard deviation of the Ef values. All 
bands within a genotype and treatment are significant at 
a = .05 using Student's t. 

Hienotype 

Control GA3 

Hienotype Rf SD % SD 

Normal .309 .04-3 .304 .032 
.201 .029 .195 .020 
.167 .018 .166 .009 
.024 .021 .021 .003 

dl .300 .022 .2 79 .018 
.236 .011 .210 .014 
.152 .023 .158 .018 
.095 .029 .115 .014 
.021 .003 .024 .010 

dl-T .282 .004 .282 .019 
.225 .005 .219 .022 
.169 .005 .168 .019 
.118 .015 .103 .009 
.018 .002 .018 .004 

F-l .316 .007 .284 .032 
.234 .014 .200 .014 
.151 .010 .149 .013 
.112 .007 .105 .008 
.021 .002 .020 .003 
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Table 23. Leaf peroxidase gel electrophoresis. — Three or four bands 
were observed for each gel and Ef for each band was calcu
lated as the distance of the band from the origin divided 
by the distance of the running front from the origin. SD 
represents the standard deviation of the Ef values. All 
bands within a genotype and treatment are significant at 
a = .05 using Student's t. 

Rienotype 

Control GA3 

Rienotype % SD Bf SD 

Normal .236 .039 .216 .027 
.157 .019 .148 .011 
.023 .004 .020 .002 

dl .308 .006 .289 .028 
.233 .026 .224 .023 
.150 .021 .159 .026 
.019 .002 .021 .008 

dl-T • 304 .008 .305 .009 
.232 .026 .229 .029 
.143 .021 .140 .017 
.018 .006 .021 .006 

F-l • 339 .063 .288 .028 
.231 .011 .202 .015 
.123 .019 .128 .014 
.02 6 .014 .022 .004 
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Table 24. Goleoptile peroxidase gel electrophoresis. — Three to five 
bands were observed for each gel and Rf for each band was 
calculated as the distance of the band from the origin 
divided by the distance of the running front from the origin. 
SD represents the standard deviation of the Rf values. All 
bands within a genotype and treatment are significant at 
a = .05 using Student's t. 

Control GA-j 

Fhenotype Rf SD Rf SD 

Normal .327 .066 .287 .04-7 
.229 .013 .205 .021 
.173 .014 .168 .005 
.025 .008 .020 .002 

dl .235 .041 .291 .043 
.129 .026 .180 .017 
.023 -011 .124 .024 

.024 .010 

dl-T .300 .013 .291 .015 
.220 .041 .171 .036 
.121 .016 .100 .015 
.085 .010 .019 .004 
.019 .003 

F-l .269 .037 .294 .033 
.202 .024 .200 .031 
.094 .013 .128 .004 
.024 .004 .023 .003 
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Figure 4. Zymogram of dwarf coleoptile peroxidase gels. — Ihe 
arrow indicates the direction of migration. 
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GA treatment. Data In the tables for peroxidase patterns are based on 

five extractions for each phenotype and treatment. The data indicate 

that there is a normalizing effect of GA treatment on the dwarfs, for 

isoperoxidase patterns. This type of pattern is recorded in the liter

ature for isoperoxidases during cell elongation (McCune 1961). The F-l 

coleoptile isoperoxidase patterns are intermediate between dl and dl-T. 

The possible differences in genetic background for the two dwarf lines 

could explain some differences, but not in light of the effect of GÂ  

treatment. The differences in the two dwarfs appear to be due to 

differences at the dl locus. 



CHAPTER 6 

EFFECTS OF GIBBERELLIC ACID ON NUCLEIC ACIDS 

A plant hormone eventually affects the cell's nucleic acids. 

It is expected that any change in enzyme patterns or activity is 

reflected in RNA transcription or translation. In many cases, the 

process of tissue enlargement results from increased cell division and 

increased DNA synthesis. The purpose of this chapter is to examine 

changes in nucleic acids associated with the action of GÂ  on the 

dwarf-one alleles. 

Review of the Literature 

Early studies indicated that GA-induced elongation in lettuce 

and lentils requires DNA synthesis (Nitsan and Lang 1965). Later work 

with lentils shows that the GA-induced elongation of cells can be 

inhibited by 5-fluor°deoxyuridine (FUDR) and that GA causes increased 

ribosomal RNA synthesis (Nitsan and Lang 1966, Lang and Nitsan I967). 

However, the studies of the effect of GA on dwarf peas shows that FUDR 

does not inhibit elongation (Broughton 1969). The weight of the evi

dence is that GA-controlled cell elongation is not dependent on DNA 

synthesis but there may be a DNA synthesis requirement for continued 

elongation (Key 1969, Jones 1973)-

In barley aleurone, GA appears to increase RNA synthesis, par

ticularly with regard to ribosome production (Jones 1973)* Enhanced 
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rates of RNA synthesis have been observed in dwarf pea nuclei isolated 

with GA (Johri and Varner 1968). Hybridization studies have revealed 

no evidence for new RNA species in these nuclei (Jones 1973) • I*1-

creased RNA polymerase activity is found in the chromatin of GA-treated 

pea intemodes (McComb, McComb and Duda 1970). Treatment with GA 

increases RNA content in clover and causes the appearance of new nucle

olar bodies in bean nuclei (Jones 1973)* The study of nucleic acids 

in GA-treated dwarf peas shows increased RNA synthesis coincident with 

cell elongation and protein and cell wall syntheses (Broughton 19&8, 

I969). Gibberellin treatment of wheat embryos increases the availabil

ity of messenger RNA and initially increases translation (Chen and 

Osborne 1970). The literature documents a variety of effects of GA on 

RNA transcription and translation. 

Materials and Methods 

Extraction Procedures 

Seeds were soaked and germinated as for the 108 hr seedlings 

described in the Materials and Methods section of Chapter 3« The meso-

cotyl, coleoptile, and leaf tissues were each weighed and frozen with 

liquid nitrogen. The RNA extraction and purification procedure of 

Bourque, Hagiladi and Naylor (1973) was followed. The preparation had 

a routine absorbance ratio (̂ 26c/̂ 280̂  

Electrophoresis 

Gel preparations and electrophoresis were carried out according 

to Bourque and Naylor (1971)• Absorbance was determined at 2 JO, 260, 
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and 280 nm and the volume for JO jag of nucleic acid was calculated. 

Thirty micrograms of nucleic acid, dissolved in running buffer with 10% 

sucrose and a trace of bromophenol blue tracking dye, were delivered to 

each of two gels. Electrophoresis was carried out for 2 hr at 5 mA/geL 

The gels were scanned at 260 nm on a Gilford spectrophotometer equipped 

with a linear transport and a chart recorder. Full scale absorbance 

was set at optical density equal to 1.000 and ratio was set at 0.1. 

Analysis of Data 

For experiments in which proportion of each KNA species was 

calculated, gel scans were xeroxed and the relative area under each 

peak was determined by cutting out the peak and measuring it with an 

Automatic Area Meter, described in the Materials and Methods section of 

Chapter 2. 

Data on total nucleic acid was computed using the optical den

sity at 260 nm. The approximation that one optical density unit equals 

50 jig of nucleic acid was used to estimate the amount. The data was 

expressed as jig of nucleic acid/g fresh weight of the tissue. The 

value for each phenotype, tissue, and treatment was averaged for three 

replicates. 

Results and Discussion 

The purpose of the RNA electrophoresis was to ascertain if 

large amounts of a new RNA species were induced by GA treatment. The 

fastest running peak on each gel was considered to be a combination of 

4S and 5S RNA. An intermediate peak occurred in some scans, but this 

was assumed to be a degradation product rather than a new messenger 
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RNA (Bourque et al. 1973)* Figure 5 shows nucleic acid gel scans. 

There was no difference in location of any peak for treatment or for 

phenotype. All peaks (Fig. 5) are assumed to be sublimits of ribosomal 

RNA. Four peaks are evident in leaf tissue. The two larger peaks are 

25S and 18S subunits of the cytoplasmic ribosomes. The smaller peaks 

are presumed to be the 23S and 16S submits of the organelle ribosomes, 

probably proplastids, because the leaf tissue was yellow and not green. 

The lack of four peaks in coleoptile or mesocotyl may be the result of 

the smaller number of organelles and the lack of developing proplastids 

in these tissues. 

Data in Table 25 represent the various proportions of the 

smaller cytoplasmic (faster running) rRNA peak compared to the total 

area of both cytoplasmic rRNA peaks. Using the known molecular weights 

£ £i 
of the two subunits (1.29 x 10 for the 25S and 0.67 x 10 for the 18S), 

the theoretical ratio can be calculated as 0.3̂ . The probable reason 

for the slightly lower ratio observed in these experiments is the 

degradation of the smaller subunit by the extraction procedure. The 

only difference between treated and untreated is found in dl coleop-

tiles where a Student's t of 5*1 is found with 17 degrees of freedom. 

This difference is attributed to error rather than to any effect of 

treatment, because ratios even lower than that for untreated dl cole

optile are found for untreated dl mesocotyl and treated dl-T coleoptile. 

The ratios of amount of nucleic acid/fresh weight of tissue in 

treated to that in untreated tissues are listed in Table 26. The 

values for all normal tissue were between 0.9̂  and 1.10. 
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Leaf 

Coieoptile 

Mesocotyl 

Figure 5» RNA gel scans for leaf, coieoptile, and mesocotyl 
tissues. — Ihe gel scans were identical for 
treated and untreated tissues of each type. The 
arrow indicates the direction of migration. 
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Table 25. Ribosomal ENA proportions. — GÂ -treated plants are indi
cated by +; non-treated controls are indicated by -. Mean 
ratio refers to area under fast-running peak/total area 
under both fast and slow-running peaks. 

Mean Standard 
Phenotype Tissue Treatment Ratio Error 

Normal Coleoptile + .2961 .00950 
.3001 .00474 

Mesocotyl + .2961 .00976 
.3163 .01710 

dl Coleoptile + .2895 .01122 
.3122 .00775 

Mesocotyl + .2918 .01882 
.2757 .00747 

dl-T Coleoptile +• .2863 .00986 
.2941 .00763 

Mesocotyl + .3001 .01594 
.2935 .00585 

F-l Coleoptile + .3176 .00743 
.3146 .01780 

Mesocotyl + .3220 .OO87I 
.3204 .00950 
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TABLE 26. Effects of GÂ  on nucleic acid content. — Micrograms of 
nucleic acid per gram fresh weight were calculated from 
optical density at 260 nm. Tabulated values represent 
ratio of GA.̂ -treated tissue to water-treated (control) 
tissue. 

Tissue 

Phenotype Goleoptile Mesocotyl Leaf 

DL 0.7^ 0.9^ 0.66 

DL-T 0.96 0.9k 1.21 

F-L 1.04 1.08 1.50 
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The data from 108 hr dl coleoptiles (Table 8) show an Increase 

in length of 8.7 mm for treated over untreated. The data from Table 26 

show a decrease in nucleic acid/gram in treated dl coleoptiles. This 

indicates cell elongation is occurring because the fresh weight of the 

tissues is increasing. The 2-mm increase in length (Table 8) for dl-T 

and F-l coleoptiles is not as great as for dl, and the ratios in Table 

26 show no differences in nucleic acid/gram. This is indicative of 

cell division, as well as of cell elongation. 

The mesocotyl of all three dwarfs increases by about 7 rrim, 

(Table 8). The ratios in Table 26 show that the nucleic acid/gram 

remains constant. This indicates cell division as the major cause of 

the increase in mesocotyl length. 

The data for leaf tissue in Table 26 are not comparable with 

any morphological data. The decrease of nucleic acid/gram found in 

GÂ -treated dl leaf tissue is indicative of cell elongation. The data 

for dl-T and F-l show that the nucleic acid/gram increases with treat

ment, and can be explained if the cells have increased mitotoic 

activity. Thus, in this case, increased DNA content would be the 

cause of the higher ratio. The data show that the two alleles are 

different in their responses to GÂ . 

It is concluded that GÂ  has no detectable effect on RNA 

synthesis, and expected changes in ratios are observed in tissues 

thought to be elongating due to cell division or cell elongation, 

respectively. 



CHAPTER 7 

CONCLUSIONS 

The experiments recorded in this dissertation have demonstrated 

a definite relationship between the GA and cAMP responses of the dwarf-

one alleles. Ihe most important evidence which relates to cAMP and GA 

responses is summarized as follows! 

1. Ihe increases in coleoptile length of the cAMP and/or 

GÂ -treated dwarfs are similar. Ihe increase in length of the meso-

cotyl in all dwarfs is greatly reduced with cAMP treatment compared to 

GÂ  treatment. 

2. There is no evidence of a synergistic effect for GÂ  and cAMP 

in increasing the length of the coleoptile or mesocotyl. 

3« Ihe production of auxin is increased in GAy treated dl coleop-

tiles, but not in cAMP-treated dl coleoptiles. 

Ihe dl coleoptile shows increased amylase activity with either 

cAMP or GÂ  treatment, while the amylase activity of the mesocotyl is 

increased only with GÂ  treatment. 

Ihe evidence clearly indicates that, in dl coleoptiles, the 

site of GAy and cAMP-induced cell elongation is the same, and that 

GÂ -induced cellular elongation in dl is not a function of increased 

auxin production. Ihis conclusion is strengthened by reports of GÂ  

pretreatment stimulating auxin-induced elongation in dl coleoptile 
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sections (Ruddat and Chang 1974). Increased amylase activity of the dl 

coleoptile results from either cAMP or GÂ  treatment. The response to 

GÂ  in dwarf mesocotyls can be divided into two components, a response 

to either cAMP or GÂ , presumably cell elongation, and a response to 

GÂ  °nly, presumably cell division. The data lend some support to the 

popular hypothesis of a role of cAMP as a second messenger for some 

gibberellin responses. The experiments confirm the hypothesis that 

cAMP functions in the regulation of plant growth. 

Data presented in this dissertation suggests the difference 

between the dl and dl-T alleles at the dwarf-one locus is complex. 

This inference is supported by the following evidence. 

1. The F-l (dl/dl-T) plants are dwarfs. There is a significant 

difference in internode length among the normal genotypes (+/&1 and 

+/dl-T), the F-l, and the homozygous dwarfs (dl/dl and dl-T/dl-T). The 

F-l and dl-T plants do not differ greatly from each other, or the two 

types of normals, for internode diameter, leaf length, and leaf area; 

however, the dl plants are significantly different from the other 

dwarfs and the normals for these measurements. 

2. In 108 hr seedlings, the length of the untreated coleoptile is 

the same in dl, dl-T, and F-l; however, applied GÂ  and/or cAMP 

increases dl coleoptiles 8.7 mm, and F-l and dl-T coleoptiles about 2 

mm. The mesocotyls of the untreated dl-T and F-l plants are twice the 

length of dl mesocotyls. The application of GÂ  increases the meso

cotyls by 7-7«8 mm in all dwarfs, but cAMP increases the length by only 

1.2-1.5 mm in dl-T and F-l plants, and only 2.4 mm in dl plants. 
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3. Applied. GAp increases dl coleoptile and mesocotyl length about 

7-7.5 mm» an(i F-1 mesocotyl length 5-6 mm. There is no effect of 

applied GÂ  on dl-T coleoptiles and mesocotyls, or F-1 coleoptiles. 

4. Twelve days of continuous application of GÂ  solution causes 

the three types of dwarfs to be almost indistinguishable from untreated 

normal plants. Untreated dl-T plants differ from untreated dl plants 

in mesocotyl, coleoptile, first and second leaf lengths, as well as 

total height. The effect of GÂ  treatment on 12, 14, and 17 day old 

seedlings was greater in dl plants than in dl-T plants for all 

measurements. 

5. Treatment with AMO 1618, a suspected gibberellin biosynthesis 

inhibitor, for 108 hr does not significantly affect the coleoptile 

length of dl plants, but does significantly reduce normal, dl-T, and 

F-1 coleoptile length. The mesocotyl length of all treated plants is 

reduced by 5-16 mm. The seedlings were transferred to vermiculite and 

watered with GÂ  or water and measured at 12 days. The effect of AMO 

1618 is reversed in normal plants by both treatments. The reduced 

length of the first leaf sheath and total height of dl and F-1 plants 

could be reversed by applied GÂ  but not by water. The effect on dl-T 

plants could be reversed with either GÂ  or water. 

6. A significant reduction in auxin production is found in dl 

coleoptile tips when compared with dl-T, F-1, and normal coleoptile 

tips. Applied GÂ  increases auxin production in dl coleoptile tips to 

levels not significantly different from untreated dl-T, F-1, and normal 

coleoptile tips. The auxin production is not significantly different 

among untreated and GÂ -treated dl-T, F-1, and normal coleoptile tips. 
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7. Increased a-amylase activity with GÂ , GÂ , and cAMP applica

tion is seen in dl coleoptiles but not dl-T and F-l. This increased 

activity is related to coleoptile elongation in dl plants. There is no 

relationship between mesocotyl elongation and a-amylase activity in any 

dwarf plants. 

8. The electrophoretic position of the amylase band is different 

for dl and dl-T coleoptiles. The position of the F-l coleoptile 

amylase band is comparable to the dl coleoptile band. 

9. Untreated dl, F-l, and dl-T coleoptiles show three, four, and 

five electrophoretic peroxidase bands, respectively. Treatment with 

GÂ  results in four comparable peroxidase bands in dl, F-l, and dl-T 

coleoptiles. The peroxidase patterns of dl, F-l, and dl-T mesocotyl 

and leaf tissue axe comparable in untreated plants, and GÂ  treatment 

increases the intensity of the same bands in these tissues. 

10. A decrease in nucleic acid/gram fresh weight of tissue occurs 

in GÂ -treated dl coleoptiles but not in treated dl-T and F-l coleop

tiles. This is indicative of cell elongation in dl coleoptiles. The 

nucleic acid/gram of tissue does not change for any treated dwarf 

mesocotyl, indicating that cell division, as well as cell elongation, 

is occurring. 

The F-l (dl/dl-T) plants are certainly closer to dl-T plants 

in morphology and physiological effects; however, the dl-T allele is 

only partially dominant over the dl allele. The morphological expres

sion of dl-T plants is not intermediate between normal and dl plants. 

The physiological effects of dl-T plants are not similar to dl in most 

cases. The hypothesis that dl-T plants will be intermediate in 



expression must "be rejected. Because there is no genetic evidence of 

pseudoallelism at the dwarf-one locus, and because of the complex 

number of pleiotropic effects, and the vaxiation in expression of the 

dl and dl-T alleles, the involvement of the locus with a very closely 

timed and integrated system in development is suggested. 



APPENDIX A 

ADDITIONAL DATA FOR MATURE PLANTS 

Standard errors of the means listed in Chapter 2 are tabulated. 

N refers to the number of plants of each genotype that were measured. 
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Table A-l. Standard errors and N for internode length. — All lengths 
were measvired in cm. 

Location 
of Internode 

Genotype 
Location 
of Internode +/dl +/dl-T dl/dl dl/dl-T dl-T/dl-T 

1 top .63 .46 .4-3 .4-7 .53 

2 from top .38 .61 .38 .4-2 .46 

3 from top • 56 .59 .40 .50 

k from top .75 .48 .4-3 .48 .53 

5 from top .68 .65 •4-5 .49 • 55 

6 from top .70 1.01 .44- .4-9 .54-

6 from base .79 .68 .4-5 • 50 .55 

5 from base .57 1.01 .4-5 .50 • 56 

4- from base .67 1.05 .39 .4-3 .48 

3 from base .65 1.01 • 33 .37 .41 

2 from base .40 .73 .29 • 33 .36 

1 base 1.02 .74- .33 .37 M 

N 8 7 25 23 19 
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Table A-2. Standard errors and N for intemode diameter. — All diam
eters were measured in cm. 

Location 
of Intemode 

Genotype 
Location 
of Intemode +/dl +/dl-T dl/dl dl/dl-T dl-T/dl-T 

1 top .66 .63 .02 .02 .03 

2 from top .90 .77 .04 .04 .05 

3 from top 1.08 .96 .04 .05 • 05 

4 from top 1.26 1.13 .04 .05 .05 

5 from top 1.44 1.28 .04 .04 .05 

6 from top 1.53 I.36 .04 .05 .05 

6 from base 1.2 9 1.33 .04 .05 .05 

5 from base 1.49 1.49 .04 .05 .05 

4 from base 1.56 1.57 • 05 .05 .06 

3 from base 1.66 1.67 .06 .06 .07 

2 from base 1.56 1.71 .05 .06 .06 

1 base 1.44 1.76 .05 .05 .06 

N 8 7 25 23 19 
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Table A-3. Standard errors and N for leaf length. — All lengths were 
measured in cm. 

Genotype 
Location 
of Node +/dl +/dl-T dl/dl dl/dl-T dl-T/dl-T 

1 top node 1.85 2.26 1.25 1.38 1.54 

2 from top 3-56 4.11 1.84 2.0 5 2.27 

3 from top 3.88 2.56 1.70 1.89 2.10 

4 from top 3.08 2.8 5 1.38 1.53 1.70 

5 from top 2.91 2.25 1.13 1.26 1.40 

6 from top 2.25 2.81 2.26 3.20 3.20 

6 from base 4.03 2.69 1.12 1.24 1.38 

5 from base 3.53 3.29 1.29 1.43 1.59 

4 from base 2.82 2.8 5 1.55 1.72 1.91 

3 from base 2.93 2.54 1.58 1.76 1.95 

2 from base 4.31 3.8 9 1.57 1.74 1.93 

1 base node 3.8? 4.04 1.62 1.80 1.99 

N 8 7 25 23 19 



Table A-4. Standard errors and N for leaf area, 
measured in cmZ. 
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— All areas were 

Location 
of Node 

Genotype 
Location 
of Node +/dl +/dl-T dl/dl dl/dl-T dl-T/dl-T 

i top node 10.60 20.44 9.3? 8.83 8.83 

2 from top 26.94 36.32 19.32 18.21 18.21 

3 from top 39.93 44.04 21.81 20.56 20.56 

4 from top 50.69 40.19 21.16 19.95 19.95 

5 from top 58.04 48.69 18.81 17.73 17.73 

6 from top 58.92 23.4? 28.08 21.76 21.76 

6 from base 68.06 43.0? 22.39 21.11 21.11 

5 from base 64. ?4 22.65 18.48 17.43 17.43 

4 from base 64.19 51.42 20.64 19.51 19.51 

N 5 4 11 12 12 



APPENDIX B 

ADDITIONAL DATA FOR 108 HR SEEDLINGS 
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Table B-l. Means of normal coleoptile and mesocotyl length. — Means 
and standard errors of the means were used to calculate 
data appearing in Table 8. E is the replicate number. N 
is the number of observations for each replicate. All 
lengths were measured in mm. 

Treated Control 

Parameter Treatment R Mean SS N Mean N 

Coleoptile GA„ 1 33.46 2.79 13 27.40 2.43 9 
length J 

2 28.80 1.20 34 33.03 1.52 36 

3 36.00 2.90 10 30.93 1.95 15 

Mesocotyl GA 1 20.62 1.52 13 19.78 2.39 9 
length 2 19.50 1.43 34 23.56 1.27 36 

3 25.10 2.42 10 25.93 2.55 15 

Coleoptile GA9 1 28.56 2.40 9 28.62 2.49 13 
length r 

2 29.57 1.55 14 35.86 3.00 14 

Mesocotyl GA7 1 21.22 1.78 9 20.08 2.25 13 
length ( 

2 19.79 1.31 14 28.21 3.04 14 

Coleoptile cAMP 1 34.39 1.45 18 32.00 2.24 11 
length 2 40.83 2.84 12 35.22 1.53 9 

3 32.13 1.90 14 34.00 4.28 5 

4 37.50 4.66 8 32.44 2.77 9 

Mesocotyl cAMP 1 26.25 2.17 18 26.27 1.71 11 
length 

2 32.00 1.78 12 29.89 4.20 9 

3 27.07 2.60 14 30.00 3-70 5 

4 27.13 2.97 8 28.89 4.04 9 
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Table B-2. Means of dl coleoptlle and mesocotyl length. — Means and 
standard errors of the means were used to calculate data 
appearing in Table 8. R is the replicate number. N is 
the number of observations for each replicate. All lengths 
were measured in mm. 

Treated Control 

Parameter Treatment H Mean SX N Mean S-
X 

N 

Goleoptile GA„ 1 28.75 2.26 8 22.80 1.10 10 
length j 

2 30.46 0.73 22 23.08 1.97 13 

3 36.13 2.49 8 26.15 2.12 13 

4 33-74 1.06 19 26.78 0.92 18 

5 33.04 0.69 24 25.38 0.64 21 

Mesocotyl GA_ 1 18.50 2.21 8 9.30 1.57 10 
length j 

2 15.41 O.63 22 9.54 0.67 13 

3 12.75 O.96 8 6.69 0.73 13 

17.26 0.71 19 7.67 0.50 18 

5 19.08 O.78 24 8.14 0.53 21 

Coleoptile GA7 1 25.50 1.09 18 I8.50 2.56 8 
length ( 

2 24.33 3.54 9 17.20 2.65 9 

Mesocotyl GA 1 25.05 1.49 18 13.88 2.46 8 
length ( 

2 12.67 1.41 9 9.97 1.98 9 

Goleoptile cAMP 1 30.00 1.05 29 18.50 1.51 10 
length 2 32.38 O.58 37 22.79 1.23 19 

3 22.94 1.41 18 18.13 2.36 8 

4 27.50 2.32 10 18.14 1.55 7 

Mesocotyl cAMP 1 10.76 0.94 29 9.60 1.77 10 
length 2 11.57 0.40 37 9.16 0.80 19 

3 11.89 1.14 18 9.13 1.57 8 

4 17.20 2.20 10 10.14 1.22 7 
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Table B-3. Means of dl-T coleoptile and mesocotyl length. — Means and 
standard errors of the means were used to calculate data 
appearing in Table 8. R is the replicate number. N is the 
number of observations for each replicate. All lengths 
were measured in mm. 

Treated Control 

Parameter Treatment E Mean SX N Mean % N 

Coleoptile GA„ 1 26.00 2.19 6 21.65 0.91 17 
length j 

2 25.62 I.36 21 24.50 1.17 18 

3 27.14 1.57 14 26.70 1.50 10 

4 21.29 1.41 14 19.67 0.90 9 

5 27.70 1.48 10 23.60 0.95 10 

6 20.86 0.96 7 21.38 1.52 8 

Mesocotyl GA 1 27.17 1.60 6 19.18 0.82 17 
length j 

2 23.81 1.18 21 15.50 0.72 18 

3 25.07 1.51 14 18.50 0.72 10 

4 22.43 1.35 14 16.56 0.69 9 

5 28.50 0.95 10 16.70 0.82 10 

6 22.57 1.69 7 15.75 1.57 8 

Coleoptile GA~ 1 19.73 1.53 11 18.55 2.16 11 
length ( 

2 21.19 2.76 17 21.77 1.44 13 

Mesocotyl GA9 1 21.36 0.61 11 19.36 1.80 11 
length < 

2 20.65 1.20 17 19.92 1.52 13 

Coleoptile cAMP 1 19.06 0.81 16 I8.83 I.67 6 
length 

2 24.62 0.69 42 23.72 1.29 19 

3 25.13 0.84 24 22.70 1.18 10 

4 24.19 0.86 21 22.78 1.06 18 

Mesocotyl cAMP 1 23.25 1.39 16 22.00 3.17 6 
length 

2 23.31 0.84 42 22.26 1.37 19 

3 23-75 0.88 24 20.80 1.55 10 

4 22.00 0.95 21 20.17 1.05 18 
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Table B-4. Means of F-1 coleoptile and mesocotyl length. — Means and 
standard errors of the means were used to calculate data 
appearing in Table 8. H is the replicate number. N is the 
number of observations for each replicate. All lengths 
were measured in mm. 

Treated Control 

Parameter Treatment E Mean Sx N Mean S-
X 

N 

Coleoptile GA„ 1 25-94 1.43 16 24.65 1.33 23 
length j 

2 2 7.54 1.99 13 26.38 0.97 16 

3 26.71 2.44 7 22.88 1.34 8 

4 27.73 1.71 15 23.48 0.85 33 

5 25.15 1.43 27 24.81 0.81 32 

6 30.37 1.12 19 25.80 0.51 25 

Mesocotyl GA 1 26.75 1.72 16 19.96 1.08 23 
length j 

2 25.85 1.52 13 17.59 0.84 16 

3 28.71 1.94 7 23.38 1.59 8 

4 32.33 0.95 15 23.76 0.70 33 

5 29.56 1.23 27 23.03 0.91 32 

6 29.90 1.45 19 23.64 0.96 25 

Coleoptile GA7 1 21.09 1.60 11 20.36 1.61 11 
length ( 

2 23.19 0.96 16 21.38 1.81 13 

Mesocotyl GA7 1 30.18 2.26 11 22.00 1.92 11 
length ( 

2 28.06 1.25 16 24.38 1.97 13 

Coleoptile cAMP 1 26.60 1.50 15 22.25 1.79 8 
length 

2 25.25 0.88 16 21.70 1.00 10 

3 26.60 0.81 34 24.62 1.28 21 

Mesocotyl cAMP 1 30.00 1.56 15 27.50 2.06 8 
length 

2 29.19 1.28 16 28.70 1.00 10 

3 27.29 0.88 34 25.67 1.03 21 
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Table B-5. Analysis of variance for Gkytreated coleoptile and meso-
cotyl length. — Initial ANOVA was rim on treatments. 
When treatment was significant, variance was partitioned 
into treatment, block, and treatment x block (TxB) in
teraction. Weighted differences in Table 8 were then 
calculated, based on significant treatment and nonsignif
icant (TJCB) interaction. Asterisk indicates differences 
at a = .05 using the F test. Degrees of freedom are 
indicated by df. 

Coleoptile Mesocotyl 

Ihenotype Source df 
Mean 
Square F value 

Mean 
Square F value 

Normal Treatment 1 8.7 0.1 177.3 3.0 

Block 2 58.4 0.9 190.1 3.3* 

TxB 2 317.2 4.8* 59.1 1.0 

Error 109 65-9 58.5 

dl Treatment 1 2288.6 114.9* 2864.9 355-9* 

Block 4 12.7 6.5* 60.4 7.5* 

TxB 4 130.1 0.6 4.1 0.5 

Error 146 19.9 8.1 

dl-T Treatment 1 120.0 7.0* 1938.5 127.6* 

Block 5 127.0 7.4* 50.3 3-3* 

TxB 5 18.4 1.1 8.3 0.5 

Error 132 17.2 15.2 

F-l Treatment 1 315.1 11.2* 2778.5 126.2* 

Block 5 67.2 2.3 191.8 8.7* 

TxB 5 35-7 1.3 11.3 0.5 

Error 222 28.1 22.0 
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Table B-6. Analysis of variance for GAy-treated coleoptile and raeso-
cotyl length. — Initial ANOVA was run on treatments. 
When treatment was significant, vaxiance was partitioned 
into treatment, block, and treatment x block (TxB) inter
action. Weighted differences in Table 8 were then calcu
lated, based on significant treatment and nonsignificant 
(TxB) interaction. Asterisk indicates differences at 
a = .05. Degrees of freedom are indicated by df. 

Coleoptile Mesocotyl 

Mean Mean 
Hienotype Source df Square F value Square F value 

Normal Treatment 1 331-3 4.8* 276.7 4.5* 

Block 1 100.8 1.5 227.5 3.7 

TxB 1 50 .4 0.7 135.7 2.2 

Error 46 68.9 61.0 

dl Treatment 1 498.8 9.7* 566.6 62.4* 

Block 1 14.9 0.3 682.9 75.3* 

TxB 1 0 0 16.6 1.8 

Error 40 51.6 9.1 

dl-T Treatment 1 80.3 2.1 25.9 1.1 

Block 1 70.9 1.9 0.1 0 

TxB 1 0 0 0 0 

Error 49 38.I 23.6 

F-l Treatment 1 60.4 2.3 402.1 9.9* 

Block 1 34.1 1.3 0.2 0 

TxB 1 0 0 63.O 1.6 

Error 47 26.4 k0.5 
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Table B-7. Analysis of variance for cAMP-treated coleoptile and raeso-
cotyl length. — Initial ANOVA was run on treatments. 
When treatment was significant, variance was partitioned 
into treatment, block, and treatment x block (TxB) in
teraction. Weighted differences in Table 8 were then 
calculated, based on significant treatment and nonsignif
icant (TbcB) interaction. Asterisk indicates differences 
at a = .05 using the F test. Degrees of freedom are 
indicated by df. 

Coleoptile Mesocotyl 

Mean Mean 
Phenotype Source df Square F value Square F value 

Normal Treatment 1 177.9 3.0 2.9 0 

ELock 3 110.1 1.8 78.2 0.3 

TxB 3 48.1 0.8 21.6 1.0 

Error 79 59.6 76.5 

dl Treatment 1 233.8 16.2* 2479.1 303.1* 

Block 3 52.9 2.2 288,6 35.3* 

TxB 3 32.2 3.6* 4.9 0.6 

Error 132 14.5 8.2 

dl-T Treatment 1 55.6 3.0* 97.5 3.8* 

ELock 3 127.3 6.8* 23.0 0.9 

TxB 3 5.3 0.3 5.8 0.2 

Error 148 18.8 25.7 

F-1 Treatment 1 202.0 6.4* 65.4- 2.9* 

ELock 3 26.6 0.8 35.3 1.5 

TxB 3 8.2 0.3 4.1 0.2 

Error 125 31.4 22.9 
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Table C-l. Standard errors for 1:1 segregants. — The values in the 
table were used to calculate the significant differences 
found in Table 6. N indicates the number of observations! 
All lengths were measured in mm. 

Goleoptile Mesocotyl 

Control GA3 Control GA3 

Genotype 
h N s-

X 
N s-

X 
N S-

X 
N 

+/dl 0.78 32 1.26 27 1.75 32 2.05 27 

dl/dl 0.63 43 O.56 45 0.66 45 0.57 43 

dl-T/dl-T 0.91 45 1.33 38 0.81 45 0.91 38 

+/6.1-1! 1.16 42 1.24 37 1.37 42 1.53 37 
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Table C-2. Standard errors for 12 day old seedlings. — The values in 
the table were used to calculate the significant differ
ences found in Table 10. N indicates the number of 
observations. All measurements were in mm. 

Treatment 

Control 

Parameter Phenotype Sx N 

GA3 

Sx N 

Length of 
coleoptile 

Length of 
mesocotyl 

Length of 
1st leaf 

Length of 
2nd leaf 

Total height 

Normal 

dl 

dl-T 

F-l 

Normal 

dl 

dl-T 

F-l 

Normal 

dl 

dl-T 

F-l 

Normal 

dl 

dl-T 

F-l 

Normal 

dl 

dl-T 

F-l 

1.10 

1.02 

0.57 

0.54-

1.16 

0.43 

1.01 

1.72 

3.00 
1.45 

1.92 

1.43 

9.41 

6.11 

4.76 

2.9̂  

10.03 

7.77 

5.20 
4.80 

23 

12 

21 

22 

23 

12 

21 

22 

23 

12 

21 

22 

23 

12 

21 

22 

23 

12 

21 

22 

1.08 

0.96 

0.68 

0.92 

1.91 

0.71 

0.91 

1.71 

2.91 

2.99 

1.82 
1.69 

14.04 

8.96 

4.49 

5.*K) 

14.12 

12.25 

6.22 
8.06 

18 

18 

30 

23 

18 

18 

30 

23 

18 

18 

30 

23 

18 

18 

30 

23 

18 

18 

30 

23 
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Table C-J. Standard errors for 14 day old seedlings. — The values in 
the table were used to calculate the significant differ
ences found in Table 11. N indicates the number of 
observations. All measurements were in mm. 

Treatment 

Control GA.̂  

Parameter Eienotype S- N S- N 

Length of Normal 1.12 20 0.77 20 
coleoptile dl 0.49 20 0.84 23 

dl-T 0.61 23 0.81 23 

Length of Normal 0.85 20 0.79 20 
mesocotyl dl 0.59 20 1.09 23 

dl-T 0.76 23 0.88 23 

Length of Normal 3.20 20 2.98 20 
1st leaf dl 1.01 20 1.31 23 

dl-T I.56 23 2.02 23 

Length of Normal 6.13 20 7.63 20 
2nd leaf dl 1.73 20 2.67 23 

dl-T 3.63 23 3-29 23 

Total height Normal 7.50 20 7.93 20 

dl 2.61 20 2.69 23 

dl-T 4.34 23 4.08 23 
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Table C-4. Standard errors for 17 day old seedlings. — The values in 
the table were used to calculate the significant differ
ences found in Table 12. N indicates the number of 
observations. All measurements were in mm. 

Treatment 

Parameter Rienotype 

Control 

S-
X 

N 

GA3 

Sx 
N 

Length of Normal 1.17 24 1.13 22 
coleoptile 

dl 0.31 25 0.53 25 

dl-T 0.60 25 0.94 25 

Length of Normal 1.06 24 1.08 22 
mesocotyl 

dl 0.51 25 0.85 25 

dl-T 0.84 25 1.58 25 

Length of Normal 3.11 24 3.81 22 
1st leaf 

dl 0.59 25 1.15 25 

dl-T 1.15 25 1.95 25 

Length of Normal 8.50 24 10.62 22 
2nd leaf 

dl 1.61 25 3>5 25 

dl-T 3.72 25 4.94 25 

Total height Normal 10.06 24 12.76 22 

dl 2.06 25 4.16 25 

dl-T 6.21 25 6.61 25 
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Table D-l. Analysis of variance for cAMP-GÂ  interaction. — If 
treatment was significant, error mean square was used 
to test differences between treatment means (Table 9) 
using SNK test. Asterisk indicates differences at 
a = .05 using the F test. Degrees of freedom are indi
cated by df. 

Phenotype Source df 

Coleoptile Mesocotyl 

Phenotype Source df 
Mean 
Square F value 

Mean 
Square F value 

Normal Treatment 3 29.0 0.9 24.3 0.8 

Error 88 31.2 31.3 

dl Treatment 3 276.6 13.5* 311.1 28.1* 

Error 116 20.4 11.1 

dl-T Treatment 3 86.3 3.8* 580.0 31.?* 

Error 96 22.4 18.3 
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Table D-2. Standard errors for AMO 1618-treated seedlings.—The values 
in the table were used to calculate the significant differ
ences found in Table 13. N indicates the number of 
observations. All lengths were measured in mm. 

Goleoptile Mesocotyl 

Control GÂ  Control 

Ihenotype S-X N Sx N Sx N N 

Normal 1.01 31 1.35 30 1.79 31 1.06 30 

dl 2.20 12 1.49 15 2.06 12 1.25 15 

dl-T 1.39 17 1.60 14 1.08 17 1.61 14 

F-1 1.8-4- 18 1.15 14 1.13 18 1.51 14 
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Table D-3« Analysis of variance for AMO l6l8~treated seedlings. — If 
treatment was significant, error mean square was used to 
test differences between treatment means (Tables 14-17) 
using SNK test. Asterisk indicates differences at a = .05 
using the F test. Degrees of freedom are indicated by df. 

Hienotype Parameter (Length of) Source df 
Mean 
Square 

F 
value 

Normal Goleoptile Treatment 
Error 

3 
24 

50.1 
36.? 

1.4 

Mesocotyl Treatment 
Error 

3 
24 

568.4 
46.5 

12.2* 

1st leaf sheath Treatment 
Error 

3 
24 O

 C
O 

ON
~O
 

5-5* 

1st leaf Treatment 
Error 

3 
24 

16.9 
98.6 

0.2 

Total height Treatment 
Error 

3 
24 

2875.4 
891.5 

3.2 

dl Coleoptile Treatment 
Error 

3 
20 

50.7 
35.3 

1.4 

Mesocotyl Treatment 
Error 

3 
20 

194.7 
50.7 

3.8* 

1st leaf sheath Treatment 
Error 

3 
20 

1093.8 
40.2 

27.2* 

1st leaf Treatment 
Error 

3 
20 

190.2 
25.8 

7.4* 

Total height Treatment 
Error 

3 
20 

6843.8 
236.2 

29.0* 

dl-T Goleoptile Treatment 
Error 

3 
20 

95.6 
15.8 

6.1* 

Mesocotyl Treatment 
Error 

3 
20 

35.6 
27.0 

1.3 

1st leaf sheath Treatment 
Error 

3 
20 

312.2 
46.8 

6.7* 

1st leaf Treatment 
Error 

3 
20 

4S.2 
56.4 

0.9 

Total height Treatment 
Error 

3 
20 

1194.9 
438.5 

2.7 



Table D-3» Continued 

Mean F 
Phenotype Parameter (Length of) Source df Square value 

Coleoptile Treatment 3 21.0 1.9 
Error 20 10.9 

Mesocotyl Treatment 3 306.8 8.2* 
Error 20 37-3 

1st leaf sheath Treatment 3 863.3 44.2* 
Error 20 19.5 

1st leaf Treatment 3 172.5 6.4* 
Error 20 2?.l 

Total height Treatment 3 4423.4 20.1* 
Error 20 219.6 
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Table E-l. Section lengths of Avena test for auxin differences. — The 
data, expressed in mm, were used to calculate auxin produc
tion and significant differences for Table 18. Auxin was 
diffused from 10-12 coleoptile tips for each treatment. 
The initial length of the Avena sections was 5 mm. The 
number of sections measured is represented by N. 

Replicate 1 Replicate 2 Replicate 3 

Test Solution Mean Sx N Mean Sx N Mean Sx N 

Control 7.02 .09 20 7.00 .30 10 6.73 .08 20 

25 ng/l IAA 7-96 .14 24 8.15 .19 13 7.96 .12 24 

50 jug/l IAA 8.61 .12 18 8.64 .20 12 8.33 .19 26 

100 jig/1 IAA 8.95 .16 20 9.23 .18 11 8.88 .17 26 

Untreated normal 7.66 .12 25 8.23 .20 13 8.28 .17 20 

GÂ -treated normal 8.10 .15 25 7.88 .22 12 8.15 .28 20 

Untreated dl 7-56 .10 25 7.47 .11 17 7.44 .09 31 

GÂ -treated dl 8.22 .12 25 8.04 .21 14 8.63 .23 20 

Untreated dl-T 7.98 .12 25 7.92 .29 12 7.88 .16 19 

GÂ -treated dl-T 7-90 .14 25 8.0 5 .22 10 7.96 .16 26 

Untreated F-l 7.92 .17 25 7.96 .21 14 7.96 .13 28 

GÂ -treated F-l 8.18 .11 25 7.91 .34 11 8.25 .23 20 
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Table E-2. Section lengths of Avena test for interaction. — Ihe data, 
expressed in mm, were used to calculate auxin production 
and significant differences for Table 19. Auxin was dif
fused from 12 coleoptile tips for each treatment. Ihe 
initial length of the Avena sections was 5 MM. The num
ber of sections measured is represented by N. 

Test Solution Mean Sx N 

Control 7.00 .10 30 

25 Hg/l IAA 8.10 .10 30 

50 vg/l IAA 8.43 .15 30 

100 ug/l IAA 8.65 .15 30 

Untreated dl 7.50 .10 30 

GA-̂ -treated dl 8.12 .15 30 

cAMP-treated dl 7.65 .10 48 

GÂ -cAMP-treated dl 8.21 .13 43 

Untreated dl-T 8.07 .10 30 

GÂ -treated dl-T 7.97 .11 38 

cAMP-treated dl-T 8.16 .12 31 

GAq-cAMP-treated dl-T 8.02 .13 44 
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