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ABSTRACT 

D8 originally designated as the dominant stature mutant of 

maize, was characterized and shown to be incompletely dominant. The 

study included morphological measurements, cytology, hormone studies, 

and enzyme and protein analysis. 

The effect of the D8 mutation can be detected after AO hours of 

germination in the coleoptile. Dwarf (D8/d8) seedling length is h of 

the normal sib length for coleoptile, first leaf, and mesocotyl. The 

cell measurements indicate that cell elongation and cell division are 

involved in the size discrepancy. Mature dwarf plants have shorter 

internodes and the shorter, wider leaves are a darker green than the 

normal plant. 

The homozygous D8/D8 displays normal meiotic division and pollen 

formation is normal upto the 2 nucleate stage. Pollen viability of the 

homozygote is low and no seed was obtained in crosses involving this 

genotype. Several biological stains were used to test pollen viability 

with the results indicating greater than 85% viability for the 

heterozygote and less than 15.6% viability for the homozygote. The 

examination of the pachytene chromosomes of heterozygotes indicates 

a loop on a large chromosome. This loop is only found in the D8 

heterozygote and implies a duplication or deficiency may be involved 

with the D8 phenotype. 

x 



Avena straight growth bioassay for auxin- displayed 110 

significant difference in auxin production between dwarf and normal 

coleoptile tips. The D8 dwarf seedlings responded to the exogenous 

application of auxin, kinetin, and casamino acids in the same pattern 

as the normal seedlings, but never attained normal stature, Gibberellic 

acid (GA) and cyclic adenosine monophosphate (cAMP) exogenous 

applications displayed a difference in dwarf and normal response 

patterns and implies that the utilization or destruction of these 

substances may be involved. 

'The investigation of Laemmli gel patterns for the three 

genotypes failed to show a difference. The soluble proteins formed 

27 bands from the coleoptiles of each phenotype. Adh-1 gel patterns 

and pollen staining was utilized to examine the possibility of a 

deletion overlapping this locus. The Adh-1 locus has been mapped 

proximal to the D8 locus. The results indicate the Adh locus is not 

included in the putative D8 deletion. 



CHAPTER I 

INTRODUCTION 

Scott (1979), in his discussion of the control of morphogenesis 

in the fungi, concluded that concentration on one aspect of development, 

such as the biology, or genetics, or biochemistry, causes the 

investigator to lose sight of the overall problem and poses severe 

limitations. The morphology of higher plants is far removed from the 

genetic control and this complicates the analysis of a morphological 

mutant. This dissertation attempts to characterize D8, a dominant 

stature mutant of maize, with respect to its cytology, genetics, 

morphology, and physiology. 

As Goldschmidt (1938) stated, dominance is not an attribute of 

the gene, but is a phenotypic result of the action of the gene in 

relation to its genetic and external environments. Of the more than 

20 stature mutants of maize, 2 of the mutants have been reported to be 

dominant (Neuffer, personal communication). Several of the recessive 

dwarfs have demonstrated the ability to attain a normal phenotype when 

gibberellin was applied exogenously. Phinney (1961) assumed that the 

gibberellin responding mutants represented mutations at specific loci 

that controlled different steps in the biochemical pathway leading to 

the production of a gibberellin or gibberellin-like substance. With 

few modifications, this is apparently true. A dominant or semidominant 

mutant may also control growth hormone metabolism, but because it does 

1 
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so with one gene dose, a simple interruption in a metabolic pathway may 

not be the explanation. 

Possible explanations for a dominant stature mutant include: 

(1) production of an active growth inhibitor, (2) formation of a hormone 

inactivator, (3) abnormal hormone levels, (4) a regulatory gene mutant, 

or (5) a decrease in an essential enzyme activity. Although, rarely 

has a definite cause and effect relationship been demonstrated, most of 

the explanations cited above have been implied for recessive stature 

mutants in higher plants (Phinney 1956, Ecklund and Moore 1974, Phinney 

and Ritzel 1955, and Kamerbeek 1956). A case of dominant transmitted 

dwarfism in man has been reported in which the cause apparently is 

subresponsiveness to growth hormone (Joss 1969). The underlying cause 

can only be determined after careful investigation of growth and 

characterization of the mutant, and its response to known growth 

substances. 

The D8 stature mutant has been reported by Phinney (1956) as a 

dominant mutant that does not respond to exogenous gibberellin. The 

D8 mutant is actually semidominant in stature (Fig. 2 and Table 3), 

but the homozygote (D8/D8) is apparently sterile. Single gene 

stature mutants of maize all share the characteristic of shortened 

internodes and some tend to have anther formation on the ears. This 

may imply a simple system of a genetic or developmental switch. The 

control of this switch might be found in a hormone-insensitive mutant. 

Fick and Qualset (1975) described a mutant in wheat that is insensitive 

to gibberellin and affects stem elongation and a-amylase production. 
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The significance of a dominant mode of inheritance has been demonstrated 

for regulatory genes in prokaryotes (Beckwith and Rossow 1974). 

Moore and Shaner (1967) determined that only a small difference 

in auxin was responsible for the different rates of stem elongation 

in etiolated and light grown dwarf and normal pea plants. Phinney 

(1957) has documented the positive response to gibberellin by five 

maize dwarfs. The role of cyclic nucleotides in plant growth is in 

doubt, but the relationship between the interaction of all the plant 

hormones with the stages of normal growth and development has become 

obvious. Therefore, single gene stature mutants are a valuable tool 

in the study of gene action and hormonal control of growth. The 

genetic defect might involve a secondary change in protein synthesis 

that could be detected by electrophoretic methods. The physiological 

genetic study of eukaryotes has become more complex because findings 

such as split genes, controlling elements, and post transcription-

translation regulation may have direct effects on the phenotype. 

Characterization of the D8 mutant with regard to cytology, 

hormones, morphology, and protein changes will help to clarify the 

role this potentially important mutant has in growth and development 

of maize. 



CHAPTER II 

MORPHOLOGY AND GENETICS OF D8 

Goldschmidt (1938) wrote that the action of the gene in 

controlling the typical development of hereditary traits cannot be 

studied directly, but may only be extrapolated from the knowledge of 

the action of a mutant gene. Therefore, a necessary step in 

determining the physiological basis of a genetic mutation is an 

accurate description of the mutant and normal phenotypes, derived as 

nearly as possible, from the same genetic background. 

Review of the Literature 

D8, Dominant Dwarf, was originally found by Dr. G. H. 

Stringfield (B. 0. Phinney 1956). The D8 locus was mapped on 

chromosome 1 between bz and gs (E. H. Coe 1980), probably-5 units 
2 

from the lw, adh , and Kn group. D8 has been demonstrated to be a 
l 

nonresponder to indole acetic acid (IAA) and gibberellic acid (GA) 

(Phinney 1956, and Phinney and West 1957). 

Dwarfism in higher plants can be caused by decreased cell 

division, less cell elongation, or a combination of these (Pelton 1964). 

In the dwarf mutant dl, the short cell length of the dwarf implies 

lack of cell elongation is involved as the cause of dwarfing (Harris 

1953). Cell division is involved in the epidermal cell difference of 

petite 1 coleoptile and the normal sib (O'Donald 1959). 

4 
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MORPHOLOGY 

Materials and Methods 

Zea mays seeds were obtained from the Maize Genetic Cooperative 

at the University of Illinois, Urbana, Illinois. Seed stock 

#66-W23/L317 was segregating d8/d8 (normal) D8/d8 (dwarf). Several 
1129-2 

generations of D8/d8 pollen crossed to d8/d8 were made to get a more 

homozygous genetic background. Several crosses were made using D8/d8 

either selfed or crossed to another heterozygote. Limited seed 

developed due to small ears. Finally, attempts were made at crossing 

D8/D8 homozygotes, but no seed developed in crosses to normal or dwarf. 

Seed Germination and Growth 

Seeds were soaked in deionized water 4 to 8 hours and planted 

in vermiculite. The seedlings were then transplanted in the greenhouse 

either directly in the ground or into pots with a planting mixture of 

soil, vermiculite, and peat moss. Plants were harvested at maturity 

approximately 90 to 100 days after planting. Leaf width and length 

measurements were made on heterozygous and normal mature plants only. 

Seedling and mature intemode measurements were made on all genotypes. 

The environmental effect on the D8 mutant was not expressed 

so much in stature as in the mature organs. In the summer, the D8 

plants tended toward tassel development on the gynoecious inflorescence. 

Measurements of plant size remained relatively constant though slightly 

smaller than the spring or fall plantsings. The anthers that did 

develop were generally sterile in the summer. An effort to maintain 
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a consistent genetic background through selfing was made. The 

difference in response to exogenous auxin and gibberellin (Tables 6 

and 7) by seeds from ear A and ear B is probably due to the variable 

genetic constitution. Therefore, seeds from ear A were used in the 

other exogenous growth substances studies because they demonstrated 

a larger response. 

Measurement of Plants 

Three stages of plant growth were recorded. The seed and its 

embryo dimensions (Table 1) were recorded at A and 40 hours after 

inhibition. To measure the embryo required cutting into the seed 

without fatally wounding it, so that the seed could be grown to a 

stage which allowed determination of its phenotype. 

The seedling stages which were used for most experimentation 

consists of a 5-7 day harvest for coleoptiles and applications 

involving the leaf of this stage were harvested 7-10 days after 

inhibition. 

The measurements on the mature plant were made at the end of 

the growing season approximately 90 days after the seeds were planted. 

The leaf dimensions were obtained on plants segregating 1:1 for 

dwarf and normal stature. Internode measurements were recorded for 

both 1:1 and 1:2:1 segregating plants. The first internode was 

recorded as the internode below the tassel node. 

Analysis of Data 

"Student's t-test" was used to analyze the random samples of 

continuous variables. The combined F-2 data were analyzed for the 
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cross dwarf to normal and dwarf selfed crosses using the chl-square 

test. In addition, the correlation coefficient for leaf width and 

length was calculated along with the linear regression data. 

Results and Discussion 

The data in this section have been condensed into three 

tables: seed (caryopsis), seedling, and mature plant measurements. 

In addition, there is a graph to visualize the different growth rates 

of the coleoptile and the first three leaves to emerge in the mutant 

and the normal. The data of Table 1 indicates whether the kernels 

were taken from a normal or dwarf ear. In all cases, pollen from a 

dwarf plant was used to make the cross. The superscript letters are 

used to indicate significance in rows only, not down the column. 

The seed measurements were made to determine the earliest 

time for detection of the stature difference and to investigate the 

possibility of a substance diffusing from the female parent into the 

kernels it bears. In the first column, (Normal Ear, four hours), the 

embryos which were determined to be normal are not significantly 

different from the dwarf embryos in scutellum and coleoptile 

dimensions. Therefore, seed measurements at four hours could not be 

used to distinguish mutant from normal. The coleoptile epidermal cell 

count for both dwarf and normal at this stage are not significantly 

different. The implication is that the coleoptiles initially are the 

same length and have the same number of cells. The second column 

(Dwarf Ear, four hours) displays no significant difference between 

mutant and normal. Thus, the normal parent does not supply a soluble 



Table 1 

SEED MEASUREMENTS 
After 4 and 40 hours of Germination 

Dwarf and normal phenotypes of the seed embryo were determined at the seedling state approximately 
5-7 days after dissection of the seed. All measurements are in mm. except cell number. The same 
superscript letter indicates significance at a=0.05 using Student's t-test. 

Dwarf Pollen Crossed to: Normal Ear Dwarf Ear Normal Ear 

Hours of Germination: 4 4 40 

Phenotype of Seed Embryo: + D + D + D 
_abc def 

8.8 
_ , ad « *be _ _cf 

Seed Length: 9.9 10.0 8.8 8.4 8.3 7.7 
±0.1 ±0 ±0.8 ±0.2 ±0.3 ±0.4 

Seed Width: 8.7gh 9.0ij 8.0 8.4 8.1gl 8.0hj 

±0.2 ±0 ±1.0 ±0.3 ±0.2 ±0 

Coleoptile Length: 1.9 1.9 1.7k 1.71 2.5kl 2.2kl 

±0.5 ±0.3 ±0.2 ±0.1 ±0.1 ±0.1 

Scutellum Length: 6.6m 7.2n 6.1 6.4° 6.0™ _ ,mno 
5.4 

±0.2 ±0.4 ±0.7 ±0.2 ±0.2 ±0.2 

Scutellum Width: 3.8pqr 3.9StU 4.1 4.5PS 4.7qt 4.8ru 

±0.1 ±0.2 ±0.4 ±0.2 ±0.1 ±0.1 

Coleoptile epidermal 74 cells 73 cells 

cell number ±2.7 ±1.0 

00 
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substance which conceals the identify of the mutant embryo. 

In the last column of Table 1 (Normal Ear, forty hours), the 

dwarf coleoptile length of 2.2 ± 0.1mm is significantly smaller than 

the 2.5 ± 0.1mm coleoptile length of the normal. The 31.5% increase 

of the normal coleoptile in 36 hours is double the increase of the' 

dwarf coleoptile. The doubling of growth is consistent with other 

recorded growth rates and final measurements of coleoptile length. 

Seedling measurements (Table 2) consist of mesocotyl length, 

coleoptile length, and coleoptile epidermal cell count. The mean leaf 

lengths of the first three leaves to emerge represent total growth 

after 10 days. The graph represents the increase in growth over time 

for the coleoptiles and first 3 leaves. The leaf measurements were 

taken from the coleoptile node to the tip of the leaf. 

The term "mini" is used to designate the dominant homozygote 

(D8/D8) which, in all measurements, is significantly smaller than the 

"dwarf" heterozygote (D8/d8). The seedling measurements of the mini 

are approximately two-thirds those of the heterozygous dwarf. All 

seedling measurements of the dwarf, except the coleoptile cell number, 

are significantly different and approximately one-half the normal. 

The exceptions in the seedling measurements, mesocotyl length 

and coleoptile cell number, prove to be important. The mesocotyl 

growth which involves cell division and elongation is different by 

one-quarter instead of one-half. Therefore, in the dwarf mesocotyl, 

cell division and elongation appear to be involved, whereas, in the 

coleoptile there is no cell division and thus all growth is due to 

elongation (Tetley and Priestly 1927, and Harris and Phinney 1953). 
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Table 2 

SEEDLING MEASUREMENTS 

Mean measurements in mm and 1 standard error of 7-10 day old seedlings. 
The same superscript letter indicates significance at a=0.05 using 
student's t-test. 

Normal Dwarf Mini 

MESOCOTYL 

Length from 
Normal Ear 

29. le 

±2.5 
6.6e  

±0.7 

COLEOPTILE 

Length from 
Normal Ear 

Length from 
Dwarf Ear 

Cell Number 
(Epidermis) 

LEAF LENGTH 

Normal Ear 

1st 

26.3 
±0.8 

30.0C 

±2.0  

60.2 
±5.3 

117.4 
±2.7 

14.9 
±0.6 

15.7C 

±1.0 

64.7 
±4.6 

54.6 
±1.6 

9.4 
±0.8 

2nd 

3rd 

239.3 
±5.0 

160.0f 

±7.9 

105.7 
± 2 . 2  

76.8f 

±6.6  

Dwarf Ear 

1st 

2nd 

3rd 

145.08 

±7.3 

281.0h 

±17.0 

211.31 

±24.8 

59.6 
±2.1 

106.2* 
±4.5 

86.0 
±4.4 

g 
41.0 
±1.1 

73.8 
±4.5 

69.3d 

±7.1 



This also is the case for D8, because the dwarf coleoptile is one-half 

the size of the normal, but both phenotypes have the same number of 

epidermal cells. 

The increment change in growth over 12 hour intervals is 

displayed for coleoptile and leaf (Fig. 1). The coleoptile pattern 

shows the dwarf growth rate to be approximately 65% of the normal 

after the first 12 hours. The final growth of the dwarf is 56% of 

the normal. The difference is that the normal coleoptile starts 

growth sooner, grows more vigorously, and ends growth at the same time 

as the dwarf. The pattern of the first leaf also displays that the 

growth of the dwarf approaches that of the normal at the end of the 

growth period. This shift in growth and development pattern for the 

dwarf is even seen in the lag of dehiscence of pollen by two weeks. 

The average seedling growth rate of the dwarf is 46% of the normal 

which is consistent with the mature plant measurements (Table 3). 

The difference in stature for all three genotypes is reflected 

in the difference in internode lengths (Fig. 2 and Table 3). The 

mean internode length for 10 intemodes starting below the tassel 

node is approximately 7 times greater in the normal than the dwarf. 

If the doubling of coleoptile growth represents cell elongation only, 

then the difference in growth ratio of normal and dwarf internodes 

might take into account cell division and elongation. 

The maturation of the D8 dwarf is slower than the normal. 

This effects flowering by about two weeks, and crosses had to be 

made between two plantings. Abbe and Phinney (1942) found that the dl 

homozygote also displayed a slower maturation rate. The D8 homozygote 
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Table 3 

MATURE PLANT MEASUREMENTS 

Mean measurements in cm. and 1 standard error. 

NORMAL DWARF MINI 

LEAF 

Length 80.7 33.6 
±7.3 ±2.9 

Width 6.9 10.0 
±0.3 ±0.8 

Internode 

Length 10.8 1.4 0.7 
±0.7 ±0.1 ±0.1 

Plant Height 170.4 40.6 30.4 
±12.1 ±2.0 ±1.8 



is sterile and the anthers failed to dehisce. The dwarfs appear to be 

a darker shade of green than the normal plant. Bouillenne (Pelton 

1964) found that dwarf leaves have a higher total of chlorophyll per 

100 cm2 than did the normal sibs for the dl and D8 mutants of maize. 



Fig.-2 The mature normal plant compared to the dwarf and mini 
phenotypes (from left to right). Note the darker color 
and wrinkled appearance of the leaves of the mutant 
phenotypes. 



CHAPTER III 

CYTOLOGY 

Bateson named the science of genetics, which got its impetus 

from the important cytological discoveries in the forty years 

following Mendel's paper (Babcock 1950). The genetic study of a 

single gene stature mutant would therefore be incomplete without 

analyzing cells and chromosomes in relationship to this mutation. 

Cytological investigation is deemed important in light of the 

morphological evidence and the mode of inheritance of this mutant. 

Dominant mutations are quite rare and the physiological causes have 

been investigated even less (Neuffer 1978). Chromosomal deficiencies 

have been linked to dominant mutations in Drosophila (Lindsley and 

Grell 1967) and man (O'Riordan et al. 1971). 

Review of the Literature 

Abbe and Phinney (1942) analyzed the stem ontogeny of maize 

dwarf dl. The anatomy of the corn coleoptile is sufficiently described 

in Avery (1930)and Harris and Phinney (1953). Corn coleoptiles are 

believed to increase in size due to cell elongation because no cell 

division can be observed in an elongating coleoptile (Tetley and 

Priestly 1927). Epidermal cell counts of mature and embryonic 

coleoptiles were made for the dl stature mutant of maize (Harris and 

Phinney 1953), with no significant difference in number. Therefore, 
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the difference in growth between dwarf and normal coleoptiles in this 

mutant is primarily due to cell elongation. 

The involvement of cell division and cell elongation in 

angiosperm dwarfs has been reviewed (Pelton 1964). Of the 20 maize 

stature mutants, few have been investigated cytologically and none" as 

extensively as the dl mutant. In the dl mutant of maize, cell 

elongation is the cause of the difference in coleoptile size and 

division is also a factor in the difference in mesocotyl size (Hansen 

1957) as compared to its normal sib. 

Morphological differences have been reported which accompany 

observable chromosomal changes. Larger cell size of polyploids has 

been reported by Blakeslee (1939). The Drosophila characters Blond, 

Pale, Beaded, Curved, Snipped, and Plexate are all associated with 

deficiencies, and are all dominant mutations. Also, many of the Notch 

and Minute mutations of Drosophila are known to be deficiencies 

(Swanson 1956). Minute is lethal in the homozygous or hemizygous 

condition, consists of 94 genes or alleles, and is dispersed throughout 

the genome. Short bristles, increased development time, short body 

and various secondary effects coupled with lethality and the number of 

genes involved, lead K. C. Atwood to suggest that the Minute loci are 

sites of synthesis of tRNA (Lindsley and Grell 1967). 

Generally, a chromosomal aberration in plants is not transmitted 

through the male gametophyte. McClintock (1938) was able to identify 

smaller size in pollen bearing a deficiency for chromosome 5. 

Deletions are expected to result in 50% sterility but in an induced 



mutation, Def X-l, the percent sterility was much lower. Stadler (1935) 

then concluded that shorter deficiencies may be transmitted and 

inherited as a simple change in a gene. An X-ray induced deficiency 

in the "A" gene of maize cannot be detected cytologically in pachytene, 

but loss of several, separable genetic effects provided reasonable 

evidence for a deficiency (Stadler and Roman 1948). Conversely, 

cytological evidence of a loop and its association with the heterozygote 

implies the deficiency is the cause of the phenotype (Stadler 1935). 

Materials and Methods 

Plant Sections for Cell Measurements 

Leaf, coleoptile, and mesocotyl materials were grown as 

described in the seedling section in Materials and Methods of Chapter 

II. The tissue was fixed and infiltrated as described in PLANT 

MICROTECHNIQUE (Johansen 1940) with the aide of a Fisher Tissuematic. 

The tissue was embedded in paraffin and longitudinal sections were made 

on an American Optical Model 815 microtome. Satisfactory results were 

obtained by staining with safranin and fast green. 

The cell measurements were made linearly on five contiguous 

cells. The measurements were made in this way to avoid some of the 

error that occurs when individual cells are measured. Overlapping of 

the cells of the mesocotyl epidermal layer made it impossible to 

measure accurately. Instead, the parenchyma cells (or mesophyll) 

measurements have been included for mesocotyl and leaf for comparison. 



Plant Material for Chromosome Analysis 

Plants utilized in chromosome studies were grown in the 

greenhouse for six to eight weeks. They were then sampled, usually 

by the time of the appearance of the eighth leaf, when the tassel cells 

were in meiosis. If the tip of the tassel was turning yellow, it was 

removed and fixed in Carnoy's acetic acid-alcohol (1:3) solution. 

After 24 hours it was removed, washed and then stored in ethanol 70% 

until the chromosomes were examined. The anthers were teased apart 

in a drop of aceto-carmine (Belling 1926). The debris was removed, 

a cover slip placed on top, and the meiocytes were squashed with 

gentle pressure. 

Results and Discussion 

The results for cell length (Table 4) demonstrate nearly the 

same ratio as seedling growth. In the basal portion of the leaf, 

the dwarf epidermal cells are 57% the length of the normal cells. The 

epidermal cells of the dwarf coleoptile are 52% of the length of the 

normal cells. The comparable seedling growth measurements are 46% and 

52% respectively. If the leaf tip is considered, the dwarf epidermal 

cells approach 85% of the length of the normal cells, and this implies 

fewer cells per total length. In dl mutant of maize, it was noted 

that the reduced leaf size was accompanied by fewer cells in the 

mutant (Hansen 1956). Therefore, the difference in leaf length is due 

to cell division and elongation but the coleoptile difference involves 

just cell elongation. 



Table 4 

CELL MEASUREMENTS 

Sections of 7 day old seedlings from leaf, 
coleoptile, and mesocotyl. All measurements 
in mm. represent the mean length of 5 
contiguous cells and 1 standard error. The 
same superscript letter indicates significance 
at a=0.05 using student's t-test. 

NORMAL DWARF MINI 

LEAF 

Base - l.llab 0.64ab 0.59b 

Epidermis ±0.04 ±0.02 ±0.02 

Mesophyll 0.58C 0.43C 0.38° 
±0.03 ±0.01 ±0.01 

Tip - 0.52d 0.44d 0.37d 

Epidermis ±0.02 ±0.02 ±0.01 

COLEOPTILE 

Epidermis 0.92e 0.486 0.416 

±0.03 ±0.02 ±0.01 

MESOCOTYL 

Mesophyll 0.52^ 0.66^ 
±0.02 ±0.01 
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An interesting difference is in the mesocotyl measurements. The 

parenchymal cells of the dwarf are one-quarter greater in length than 

the normal. This increase in cell size is coupled with the 75% decrease 

in total mesocotyl length. It is safe to say that the cell division 

rate in the dwarf mesocotyl is less than in the normal mesocotyl. Does 

this obvious difference in cell division in the mesocotyl and the 

implied difference in leaf and internode play a role in the observed 

sterility of the homozygote (D8/D8)? 

Meiotic and post meiotic material from the three genotypes were 

investigated to determine if any cell division abnormalities were 

involved. The chromosomes of the mini (D8/D8) appear to pair and form 

10 bivalents without any difficulty. In fact, meiotic division is 

normal and two nuclei in the maturing pollen grain are readily 

observable. In 7 crosses made specifically with designated mini 

pollen and normal ears, not one kernel was formed. Numerous 

crosses were attempted between the heterozygote and homozygote (mini) 

as the pollen parent with the same results. 

The pollen collected at the time of dehiscence of the normal 

was examined for starch and enzyme activity. The result of the 

iodine stain demonstrated a possible cause for sterility. The cytoplasm 

of the mini pollen appeared to be drawn up into a very small portion of 

the volume of the pollen grain. The normal and the heterozygote 

stained quite dark for starch, but the small amount of cytoplasm in the 

mini stained lightly around the periphery (Fig. 3) of half the grain. 

During formation of normal pollen, considerable starch accumulation 

is evident but not in the male sterile (ms 10) anther (Cheng 1979). 



Fig. 3 Pollen (from top to bottom normal, dwarf, and mini) stained for 
starch with I^-KI. 
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Chou and Weber (1977) investigated the meiotic cytology of thirteen 

nuclear male steriles and found all had normal reduction division. 

The fluorescein dye (described in Chapter V) indicated a 

greater than 90% viability in the heterozygote but ranged from 0.5% to 

36% in the four homozygous D8/D8 tested. The pollen from the mini ' 

plants had to be teased from the anther because the mini anthers never 

dehisced. Therefore, the difference in viability of the 4 mini plants 

may reflect a time variation in post meiosis. Since pollen viability is 

not affected in the heterozygote, the high pollen sterility in the mini 

plants implies a maternal effect on pollen formation, due perhaps to a 

substance either present or lacking in the mini sporophyte. 

The pachytene spreads of the heterozygote grudgingly yield a 

possible reason for the observed difficulties of the mini. Meiosis 

and post meiotic events are obviously normal in the light of 95% pollen 

viability in the heterozygotes. Scrutinizing pachytene stages reveals 

a small buckling on one of the chromosomes (Fig. 4). The loop is found 

in 9 of 97 pachytene spreads from seven different heterozygous dwarfs; 

this small loop is similar to those pictured by McClintock (1938) for 

deficiencies of chromosome 5. The difficulty of adequately spreading 

the chromosomes and the small size of the loop may have inhibited the 

observation of the loop in those pachytene configuration in which it 

was not visualized. 

Several questions need to be answered about this loop. Is it a 

deficiency or a duplication? If it is a deficiency, then why is it 

transmitted through the pollen? Most importantly, does it have anything 

to do with the D8 phenotype? 



Fig. 4 Pachytene spreads of two heterozygotes. 
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The chromosome involved has not been identified, but it is not 

chromosome 6, 9, or 10. The loop has only been observed in pachytene 

spreads of the heterozygote. If it was not associated with D8, then 

it might be expected in pachytene spreads of the normal or mini. It 

seems conceivable that a small deletion might be transmitted through 

the pollen especially if its effects are not apparent until 4 hours 

after germination. 

Demonstrating the effect of the loop on neighboring genes 

would help determine if it is a deletion. Bridges (1923) used this 

method to determine the extent of a deficiency of the Bar locus in 

Drosophila. The D8 locus is within five map units from the Adh-1 

locus on chromosome 1. In Chapter V, the Adh-1 studies investigate 

the effect of the chromosome loop on the expression of Adh-1 and its 

relationship to D8 possibly being a deletion. 



CHAPTER IV 

HORMONE STUDIES 

Morphological responses to exogenous growth substances and the 

amount of diffusible auxin produced from normal and dwarf coleoptile 

tips were investigated. Many of the maize stature mutants have been 

tested for their responses to exogenous growth substances. Some 

mutants show a return to normal growth after applications of a growth 

substance, while others may only display a slight response or none at 

all. 

Review of the Literature 

Beadle and Tatum (1945) added single growth substances to 

minimal media to find the defective pathway of mutants of Neurospora. 

Thimann (1974) pointed out that Sachs, Darwin, Boysen-Jensen and Paal 

among others hinted at the ability of plants to transmit information or 

a substance for growth. F. W. Went (1927), using Avena coleoptile, was 

able to isolate the substance in agar blocks, it had previously been 

termed auxin which means to grow. Is this substance, or any other 

growth substance, missing from single gene dwarfs of maize as was 

demonstrated for auxotrophic mutants in Neurospora? Van Overbeek (1938) 

implied that auxin might satisfy this need in the nana mutant of maize. 

Gibberellic acid has been used with the dl mutant to induce normal 

growth (Phinney 1956). 
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Auxin 

Indole acetic acid (IAA) is the only natural auxin whose 

existence is definitely established and its wide occurrence suggests 

universal distribution in"the plant kingdom (Thimann 1969). Indole-3-

acetic acid occurs in diffusates from Zea coleoptile tips as identified 

by mass spectrometry (Greenwood et al. 1972). The most common function 

associated with auxin is cell enlargement as in avena coleoptiles which 

complete their cell division at an early age. Auxin coordinates wall 

loosening and the supply of wall materials in cell elongation. 

Vanderhoef and Dute (1981) feel that the gene expression and wall 

acidification hypotheses are not incompatible. They have demonstrated 

that the auxin induced changes in cell enlargements cannot be 

attributed to changes in cell osmotic potentials or turgor, but findings 

of two temporal responses to application of auxin allow both hypotheses 

to coexist. 

Maximum growth in the oat coleoptile occurs some distance from 

the tip, but auxin is produced only in the tip. F. W. Went (1974) felt 

auxin must interact with another factor to produce growth. He 

searched for the elusive cofactor for thirty years, but with no 

positive results. Kende and Gardner (1976) attempted to review the 

hormone-receptor concept in plants and had to settle for describing 

methods (mostly borrowed from animal physiology) to detect hormone 

receptors. Two years later, not one but three auxin binding sites in 

different subcellular fractions were found in maize coleoptiles 

(Dohrmann et al. 1978). Are these sites Went's missing cofactor, and 

what might the phenotype be for a mutant at one of these sites? 
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Gibberellin 

Fifty years of Japanese work on a second plant hormone, gibber-

ellin (GA), was brought to light to Western scientists following World 

War II. A correlation exists between dwarfism and GA deficiency in 

some cases in maize and peas. Phinney (1956) tested six single-gene 

mutants in maize for their growth response to gibberellic acid and two 

mutants, dominant-dwarf (D8) and dwarf-(4963) did not respond as the 

other four. The four responding mutants maintained normal growth as 

long as GA was continuously supplied. 0'Donald (1959) demonstrated 

only slight response to GA in normal and dwarf seedlings of dwarf-

(4963). Dwarf-(4963) has 37% the normal's diffussible auxin, yet it 

displays no response to exogenous auxin or applied extracts from the 

normal. 

The maize dwarf mutants, dl and d5, have been investigated 

most thoroughly. The d5 mutant is deficient in endogenous GA when 

compared to normal plants. Hedden, MacMillan, and Phinney (1978) were 

able to show the genetic defect in d5 is in the step that controls the 

cyclization of copalyl pyrophosphate to kaurene, a step in the GA 

biosynthetic pathway. In the manner of the early Neurospora experi

ments, normal growth is obtained by the application of exogenous GA and 

GA precursors subsequent to the defect. In the dl mutant, ten of 

twelve GA compounds were found to be inactive, but the response to 

GA3 and GA7 was the return to normal growth (Crozier et al. 1970). 

Mischke (1975) demonstrated in dl and dl-T that the return to normal 

growth following GA application, is accompanied by a return to normal 

levels of diffusible auxin as determined by the Avena bioassay. This 
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implies that the defect is in GA biosynthesis, but normal growth 

involves a complex interaction between auxin and the gibberellins. 

Fifty-two GA's have been identified (Hedden et al. 1978), biosynthetic 

pathways and interconversions have been.demonstrated (Barendse 1976), 

and the finding of bound and free forms of GA have all added to the 

tentative nature of the conclusions involving GA and growth. 

Cyclic Adenosine 3', 5'-Monophosphate 

Does cAMP have a function in higher plants? Even though the 

debate goes on about the presence of cyclic nucleotides, the evidence 

mounts for various responses to exogenously applied compounds. Cyclic-

AMP induces a-amylase formation in a linear fashion in the concentration 

range of 5 x 10 SM to 5 x 10 3M in barley aleurone (Barton et al. 1973). 

Cyclic-AMP stimulates HnRNA synthesis in maize protoplasts 

(Tarantowica-Marek and Kleckowski 1975) and counteracts the inhibitory 

effect of rifampicin on mitochondrial RNA synthesis in Vigna sinensis 

(Goswami et al. 1975). In the dl mutant of maize (Mischke 1975), the 

site of GA3- and cAMP-induced coleoptile cell elongation is the same 

and is not a function of increased auxin production. These experiments 

imply that cyclic AMP functions in plant regulation either as a 

secondary messenger or on its own. 

Lin (1974) concluded in his review that the publications to 

date do not contain sufficient reliable proof for the occurrence of 

cyclic AMP in a higher plant. The only enzyme known to catalyze the 

formation of cyclic AMP is adenylate cyclase, which converts ATP to 

cAMP and pyrophosphate. Although no valid proof of adenylate cyclase 
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activity exists in higher plants, an enzyme preparation from Chlorella 

utilizes adenosine 5' phosphosulfate to form cyclic AMP (Amrhein 1977). 

Evidence presented by Barendse and Holtslag (1975) suggest that the 

effect of exogenous cAMP is attributed to the low pH of the applied 

solutions. Cyclic AMP appears to play a major role in animal and 

microorganixm physiology but its role in plant regulation is very 

controversial. 

There are some basic differences between plant and animal 

growth hormones with regard to size and specificity. Plant hormones 

seem to be able to enter directly into "target cells" which seem to 

include all plant tissues and a variety of responses depending on the 

tissue. Lin and Amrhein cite examples of the primary roles attributed 

to cAMP. The common thread ties cAMP's control of metabolism to the 

availability of external organic carbon sources. Higher plants do not 

require this type of control and possibly the responses to cAMP are 

an organelle or an evolutionary remnant. 

Materials and Methods 

Auxin Bioassay 

Seeds were from the same crosses as described in Chapter II. 

The seeds were soaked in water for approximately 4 hours and then 
/ 

planted in wet vermiculite in germination trays which were then placed 

in an environment chamber set for 26°C and 4 hours of red filtered 

light in a daily cycle. The seeds were observed every 8 hours for 

germination and only those seeds showing signs of germination in the 

same 8 hour interval were designated for use in an assay. The seedlings 
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were harvested at approximately 90 hours. Dwarf plants were considered 

to have coleoptiles no greater than 10mm in length while those of 

normal plants ranged from 18-20mm. The tips were removed and the 

seedlings planted to confirm their phenotypes. 

Ten excised 3mm coleoptile tips were placed, cut surface down, 

on 2% agar blocks which were cast from a uniform stainless steel mold 

placed on glass slides. The slides were then placed on moist filter 

paper in covered petri dishes. The dishes were set in a dark 

environment chamber for 6 hours at 26°C. Then, the tips were removed 

and the block was cut into twelve 1mm3 sections. These sections were 

transferred to a stoppered 20-ml volumetric test tube containing 1 ml 

citrate buffer pH 5 with 2% sucrose (Nitsch and Nitsch 1956). The 

tubes were then placed in a refrigerator for not more than 10 hours 

until used in the bioassay. All procedures were done in red filtered 

incandescent lighting. 

Standard solutions contained phosphate-citrate buffer and 0, 

25, 50, 100, 200, and 400 yg/L of IAA made by serial dilution from a 

stock solution of lOmg IAA/ml in ethanol. One milliliter of testing 

solution was added to each tube with twelve 1mm3 sections of 2% agar, 

and the tubes were stored in the refrigerator until needed. The oat 

coleoptile segment elongation test of Nitsch and Nitsch (1956) with 

modification by Mischke (1975) was performed. Twenty Avena coleoptile 

sections were placed in each test solution. 

All sections were measured with an ocular micrometer on a 

dissecting microscope and the mean measurements were converted to 

milliliters. The data was analyzed on the basis of Avena section 



length rather than the amount of auxin per tip (Mischke 1975). The 

student's t-test was used to determine the difference between dwarf and 

normal samples. 

Plant Growth Regulators 

Seeds were chosen from ears segregating 1:1 for normal and 

dwarf 'sibs and soaked in 200ml of test solution for 4-6 hours. 

Deep petri dishes were filled with 300ml of vermiculite and 

the soaking solution was used to wet the vermiculite. The seeds were 

planted in the vermiculite and the dishes were placed in an environment 

chamber set for 25°C and 12 hours of white light on a daily cycle. Five 

drops per day of the test solution were applied onto the coleoptile or 

first leaf junction of the seedling and sufficient volume was added to 

bring the solution level up to the 100ml mark on the dish. Measurements 

were taken daily and the final measurements used in the tables represents 

data recorded 7-12 days after planting. 

Stock solutions were made with double distilled water and final 

dilutions were made just prior to application. Plant growth substances 

were applied in the following concentrations: Indole-3-acetic acid 

(Sigma Chemical Co.) 0, 100, 400, 4000 yg/L., Gibberellic acid 

(Aldrich Chemical Co., Inc.) 0, 5 x 102, 103, 5 x 103, 103yg/L., 

Kinetin (Calbiochem) 0, 5, 25, 50 yg/L., Adenosine 3':5'-Cyclic-

Monophosphoric Acid (Sigma Chemical Co.) 0, 5 x 10z, 103, 2.5 x 103, 

5 x 103, lO^yg/L., and Casamino Acids (Difco Laboratories) 1 mg/L. 
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Results and Discussion 

Results and Discussion of Auxin Bioassay 
t 

No attempt at converting the data to the amount of auxin per 

coleoptile tip is made. In three of the four replicates (Table 5),. 

there is no significant difference between the amount of response to 

diffusible auxin from dwarf or normal coleoptile tips. In fact, there 

is a 70-80% probability that they are not significantly different. 

In the fourth replicate the probability drops to 1-2%. In all cases, 

the normal or dwarf diffusate produced a response greater than the Opg 

IAA/L. response. Both the dwarf and normal diffusates appeared to be 

most consistent (Low "t" value) with the response exhibited by the 

25yg/L. standard solution. In the fourth replicate, the normal displays 

more closely the response produced by the 50yg/L. standard solution. 

What amount of hormone is required to yield a difference in 

growth? In several studies of stature mutants in maize (van Overbeek 

1938,. Harris and Phinney 1953, O'Donald 1959, and Mischke 1975) the 

dwarf mutant has displayed a significantly lower diffusible or extractable 

auxin content. To date, this difference in auxin levels has not been 

demonstrated to be linked to dwarfism in maize. Moore and Shaner 

(1967) demonstrated that differences in stem elongation in pea dwarf 

and tall seedlings represent small differences in auxin production. 

They concluded that the correlation between dwarfism and gibberellin 

might have a stronger relationship. Theoretically, this insignificant 

difference in auxin between dwarf and normal could cause a significant 

difference in growth. In the dl mutant, the application of exogenous 



Table 5 

AVENA AUXIN BIOASSAY 

Length of oat coleoptiles in mm. Average size of coleoptile 
sections prior to treatment was 5.28±0.02. Same superscript 
indicates significant difference at a=0.05. The data 
represents the mean of at least 10 sections and one standard 
error. 

REPLICATE Oyg/L 25yg/L. 50yg/L. lOOyg/L. NORMAL TIPS DWARF TIPS 

6.46 
±0.14 

abc 
7.63 

±0.23 

ac 
7.88 

±0.19 

be 
7.32 

±0.08 
7.07 

±0.19 
7.00 
±0.13 

ab 

6.59 
±0.10 

defg 
7.56 

±0.31 
7.60 

±0.15 

eg 
7.82 
±0.18 

fg 
7.04 

±0.09 

ef 
7.01 
±0.07 

g 

6.79 
±0.08 

hijk 
7.16 
±0.35 

7.34 
±0.09 

7.56 
±0.13 

jk 
7.19 

±0.06 
7.17' 
±0.07 

7.54 
±0.13 

lmo 
7.91 
±0.34 

n 
8.36 

±0.25 

lp 
8.69 

±0.26 

.mnp 
8.25 
±0.11 

oq 
7.80 
±0.12 

pq 



GA doubles the auxin content in the coleoptile (Homan and Harris 1965) 

and restores normal growth. Therefore, a very small difference in 

auxin should be compensated by the application of that hormone if it 

is involved with the D8 mutation. 

Morphological Responses to Growth Substances 

The application of auxin has a different effect in the 

coleoptile as compared with that in the leaf. The coleoptile measure

ments (Table 6 and Fig. 5) in both dwarf and normal, display a 

significant increase with the application of the highest concentration 

of indole-3-acetic acid. This behaviour of the dwarf, which 

corresponds to the normal, implies that the dwarf has the ability to 

utilize the exogenous auxin in the same manner as the normal. The 

dwarf coleoptile maintains approximately 55% of the growth of the 

normal coleoptile throughout all concentrations of auxin. 

The leaf displays an inverse relationship between the application 

of the highest auxin concentration and final length. A dualism exists 

in the actions of auxin because it can promote or inhibit various 

growth functions. Leopold (1955) describes the dual effects on growth 

and development in terms of optimum auxin concentration for that 

particular plant part. In the D8 mutant, the responses to auxin in 

two different plant parts seems to be the same as in the normal sib. 

The results of the bioassay and exogenous application of auxin indicate 

that the D8 mutation is not involved with auxin concentration. This 

does not preclude the involvement of auxin, such as a lower utilization 

rate or defective receptor, in the D8 mutant. 



The lack of an effect of gibberellin on the D8 mutant after the 

emergence of the first leaf was reported by Phinney (1956 and 1957). 

The D8 mutation manifests its morphological effect within 40 hours of 

germination. Soaking the seeds in the GA solution might elicit an 

effect on the growth and development of the coleoptile and leaf. The 

response to 5 x 102 yl of GA (Table 7 and Fig. 6) in the dwarf and 

normal is represented by an increase over the control. This response 

is maintained in the normal, but the D8 mutant seems to lose its slight 

response at higher concentrations. The D8 mutant seedlings do not 

respond to exogenous GA as much as the normal. The response of the 

dwarf coleoptile to 5 x 102yg/L. of GA indicates that excess GA is not 

inhibiting growth in the mutant. 

Cyclic adenosine monophosphate causes a significant increase 

in the length of the coleoptile of the dl mutant of maize (Mischke 

1975). It causes a significant decrease in the length of the leaf and 

coleoptile of the D8 dwarf, but has no significant effect on the D8 

normal sib when compared to the control solutions (Table 8 and Fig. 6). 

Cyclic AMP has been implicated as a secondary messenger in Avena 

coleoptiles (Salomon and Mascarenhas 1971) and a synergistic 

enhancement of auxin cell expansion in artichokes (Kamisaka et al. 

1973). In the D8 coleoptile, cAMP actually decreases the elongation 

but its effect is only at 103yg/L. This is in apposition to the 

increase in coleoptile length of the normal at 5 x 102yg/L. as compared 

with higher concentrations. The pattern of response to cAMP in the D8 

mutant is contrary to the normal sib pattern. 



Table 6 

GROWTH - EXOGENOUS AUXIN 

Twenty seeds sampled from 2 different ears soaked in test solution and 5 drops applied to the shoot 
daily. All measurements in mm. and 1 standard error. Same superscript letter indicates significance 
at a=0.05. 

Oyg/L. 

TEST SOLUTION 

lOOyg/L. 400yg/L. 4000yg/L. 

COLEOPTILE 

A NORMAL 

DWARF 

B NORMAL 

DWARF 

26.5 ±1.34 

14.9±1.36 

22.1±0.65 

11.6f±0.30 

25.0 ±1.03 

13.7d±0.60 

22.0±1.63 

12.5±0.79 

26.2 ±1.29 

14.2e±0.58 

21.1±0.75 

11.0g±1.03 

34.8abc±1.80 

17.8de±1.25 

23.4±1.66 

14.0fg±0.32 

FIRST LEAF 

A NORMAL 

DWARF 

B NORMAL 

DWARF 

82.lhi±3.94 

41.6 ±3.12 

78.8m±2.73 

39.0n°±0.81 

83.5^±4.52 

39.5±1.88 

70.0±8.86 

38.9P±1.34 

93.8 ±4.39 

43.4^3.70 

69.2±5.43 

28.6np±3.82 

60.41J±5.87 

33.3kl±3.29 

66.8m±4.28 

31.4 ±2.16 



Table 7 

GROWTH - EXOGENOUS GIBBERELLIN 

Twenty seeds sampled from 2 different ears soaked in test solution and 5 drops applied to the shoot 
daily. All measurements in mm. and 1 standard error. Same superscript letter indicates significance 
at a=0.05. 

Oyg/L. 

TEST SOLUTION 

5xl02yg/L. 103yg/L. 5xl03yg/L. 10"yg/L. 

COLEOPTILE 

A NORMAL 

DWARF 

B NORMAL 

DWARF 

25.5ab±0.83 

13.4 ±0.24 

19.6±0.81 

11.8±0.63 

29.5 ±2.69 

15.4ae ±0.40 

21.7±1.26 

13.0±1.08 

31.4a±2.85 

13.7e±0.63 

19.8±1.16 

12.5±0.43 

30.7 ±2.60 

13.8f±0.55 

21.3±1.11 

13.3±0.61 

37.9abc±2.06 

14.1±0.85 

20.8±1.14 

12.4±0.40 

FIRST LEAF 

A NORMAL 

DWARF 

B NORMAL 

DWARF 

112.2jkl±2.87 

48.2m±1.44 

80.4±3.59 

45.0g±1.78 

151.3j±13.18 

53.1m±1.56 

84.0±4.98 

52.8gh±2.10 

154.0 ±13.80 

48.1±2.27 

84.0±6.04 

44.3hi±1.91 

168.6^14.57 182.6^9.49 

51.3±1.91 50.3±2.18 

82.3±2.39 

50.7±4.45 

83.5±5.78 

48.8 ±1.16 



Table 8 

GROWTH - EXOGENOUS cyclic AMP 

Twenty seeds sampled from ear A of previous tables soaked in test 
solution and 5 drops applied to the shoot daily. All measurements 
in mm. and 1 standard error. Same superscript letter indicates 
significance at a=0.05. 

TEST SOLUTIONS 

Oyg/L. 5xl02ug/L. 103yg/L. 2.5xl03Ug/L. 5xl03yig/L. lOVg/L. 

COLEOPTILE 

NORMAL 25.3 27.2ab 25.0 22.2a 23.2b 24.5 
±1.10 ±1.09 ±0.82 ±1.28 ±0.85 ±1.10 

DWARF 17.2C 16.5 15.1cd® 16.0 17.2d 18.1® 
±0.49 ±0.64 ±0.35 ±0.62 ±0.58 ±0.99 

FIRST LEAF 

NORMAL 106.6 116.9fgh 108.9 93.3f 96.5g 97.6h 

±3.40 ±4.35 ±6.00 ±5.82 ±5.62 ±4.13 

DWARF 58.811 54.4J 53.9k 48.2i;jktn 52.41 54.6° 
±1.78 ±2.08 ±2.01 ±2.00 ±1.33 . ±1.90 



Table 9 

GROWTH - EXOGENOUS KINETIN 

Twenty seeds sampled from same ear as Table 8 soaked In test 
solution and 5 drops a plied to the shoot daily. All 
measurements in mm. and 1 standard error. Same superscript 
letter indicates significance at a=0.05. 

COLEOPTILE 

NORMAL 

DWARF 

TEST SOLUTION 

Oug/L. 5yg/L. 25yg/L. 50yg/L. 

22.0  
±0.93 

22.9 
±1.06 

13.4 
±0.75 

14.7 
±0.50 

23.6 
±0.88 

ab 

16.8 
±0.49 

cd 

26.4 
±1.16 

15.4C 

±0.44 

FIRST LEAF 

NORMAL 89.0 80.9 86.1 92.5 
±4.86 ±6.25 ±4.85 ±3.84 

DWARF 46.4 46.7 48.3 49.9 
±1.47 ±2.40 ±1.97 1 ±2.92 
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Cytokinins have many diverse physiological effects on plants as 

do the other plant hormones. Leopold and Kawase (1964) demonstrated 

that benzyladenine (synthetic cytokinin) promoted growth of intact 

whole leaves. Kinetin at 50pg/L. (Table 9 and Fig. 5) increases the 

length of normal coleoptiles and has a significant effect on the dwarf 

coleoptile that peaks at 25]ig/L. The role of cytokinins in plants, as 

the name implies, has been linked to cell division. Therefore, an 

increase in length of the coleoptile is unexpected. The increase in 

coleoptile length with exogenous cytokinin seems to involve earlier 

germination observed in the treated seeds and not a delay in the 

termination of coleoptile growth. 

None of the exogenous substances restored the dwarf to normal 

growth. The dwarf displayed no response to added casamino acids at 

lmg/L., but the normal had a slight decrease in coleoptile length. 

The pattern of response to auxin and kinetin is the same in dwarf 

and normal, but in response to GA and cAMP, they differ. This 

indicates further investigation with these hormones is necessary. 



CHAPTER V 

PROTEIN AND ENZYME STUDIES 

Tov determine the action of a mutant gene, sometimes requires 

the simple investigative technique of comparing the function or 

products of normal versus disputed components. The morphological 

phenotype is determined by the biochemistry of enzymes and proteins 

dictated by the genetic constitution of the organism. The purpose of 

this chapter is to compare the mutant dwarf to normal sibling in 

enzyme function and soluble protein electrophoretic patterns. The 

alcohol dehydrogenase activity was investigated because of the 

possible deletion described in Chapter III and the proximity of the 

D8 and Adh-1 loci.. 

Review of the Literature 

Arne Tiselius did the pioneering work on characterization of 

protein by electrophoresis in 1927, but, to his regret, never 

published his results (Deyl 1979). The breakthrough for large 

molecule separation by electrophoresis came in the discontinuous 

system of Davis (1964) and Ornstein (1964). The resolving power of 

this system is due to the concentrating effect of the stacking gel, 

the molecular sieving effect that separates molecules on the basis 

of size and shape, and the electrocharge effect which moves the 

molecules according to their net electric charge (Maurer 1971). 

44 
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Laemmli (1970) used electrophoresis to separate phage T4 

proteins into at least twenty-eight components. He was able to 

identify gene products for 5 mutants of T4 phage by comparing gel 

patterns of wild type and amber mutants. Structural proteins of 

chloroplasts from Zea mays were separated into 10 bands following 

isolation and purification of chloroplast membranes (Lagoutte and 

Duranton 1971). Konopska (1979) demonstrated changes in SDS gel 

electrophoresis protein patterns from aleurone of pea cotyledons 

during germination. Leto and Miles (1979) using SDS gel electrophoresis 

were able to correlate the loss of photosystem II activity with a 31 

kilodalton polypeptide from maize. Ferl, Dlouhy, and Schwartz 

(1979) were able to separate the Adh-1 and Adh-2 products by two-

dimensional gel electrophoresis of maize proteins. Thus, electrophoresis 

is a powerful tool in physiological genetic analysis. 

Pollen test systems have demonstrated intragenic recombination 

(Nelson 1958 and Freeling 1976) and have been used to monitor mutation 

rates (Freeling 1981). Pollen or microspores have been used to identify 

meiotic mutants in maize (Nel and Neuffer 1978). The availability of a 

large number of easily accessible haploid cells makes the use of pollen 

an attractive genetic system. 

Materials and Methods 

Seed and seedling preparations were the same as described in 

Chapter II. Protein determinations were made on 9-10 day old seedlings. 

Electrophoresis of soluble proteins was performed on various stages 

from 2-10 day old seedlings of normal, dwarf, and mini phenotypes. 



Protein Quantitative Analysis 

The Kjeldahl Method (P. Kirk 1950) of protein analysis was 

performed on all three phenotypes using freeze dried material. The 

Folin-C method (Lowry et al. 1951) was also used on 10 day old seedlings. 

The differences in the two methods might allow the detection of pro'tein 

variances in the three phenotypes. 

Electrophoresis 

The material used in the electrophoretic studies ranged from 

seed embryo to seedling coleoptile and leaf. Two methods of 

electrophoresis were used, that which separates soluble protein on a 

discontinuous SDS polyacrylamide gel (Laemmli 1970) and native enzyme 

polyacrylamide gel for the separation of Alcohol Dehydrogenase 

activity (Ferl, Dlouhy, and Schwartz 1979). 

Pollen Staining 

The pollen studies were instigated because of the inability to 

obtain seed set when mini plants were involved. The tests included 

tetrazolium and fluorescein diacetate for viability and alcohol 

dehydrogenase activity for Adh-1 deficiency. The use of 2, 3, 5-

triphenyltetrazolium chloride has involved many higher plant tissues 

as a test for viability (Roberts 1950), including viability of cotton 

pollen (Ray, personal communication). The tetrazolium was serially 

diluted in sodium phosphate buffer 0.1M, ph-7.3 with 5-10% 

concentrations providing the best results. Only the heterozygote and 

mini phenotypes were tested. 



The alcohol dehydrogenase stain relies on the reduction of 

p-nitrobluetetrazolium chloride by NAD(P) -dehydrogenases. The 

specificity of the assay is due to the substrate, ethanol (Freeling 

1976). Pollen and electrophoretic stain for Adh was the same as that 

described by Freeling (1976) with a change from 86mM sodium phosphate 

buffer to 0.1M buffer. To 9.5% V/V ethanol-phosphate buffer XpH-7.3) 

solution, was added ImM NAD+ and 1 ml of p-nitrobluetetrazolium 0.3mM 

in methanol 100%. The pollen of the mini plants tested had to be 

teased out of the anther to coincide with the time of pollen collection 

from the other phenotypes. The freezing step, as described by Freeling 

(1976), was found to be necessary presumably to remove endogenous 

substrate. 

Fluorescein diacetate stain i-s dependent on an intact 

plasmalemma and the activity of fatty acid esterase. The procedure 

of Heslop-Harrisons (1970) with modification by R. Staub (to be 

published) was used to determine pollen viability. Starch deposited 

in the pollen was stained with solution (Nelson 1958). 

Results and Discussion 

The Kjeldahl results are recorded in percent protein per dry 

weight and the Lowry results are represented in percent protein per 

fresh weight. The average percent protein per dry weight for the 

normal is 24.45, for the heterozygote 27.1, and for the mini 28.65. 

The percent protein per fresh weight is 2.22 for the normal, 2.95 for 

the heterozygote, and 3.26 for the mini. The inverse relationship 

between phenotype size and percent protein is apparently real. This 
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Fig. 7 8.75% SDS gel of soluble proteins from: (left to right) 
1-3 normal, dwarf, and mini coleoptile; 4-6 normal, 
dwarf, and mini leaf; and 7-11 segregating 3 day old 
embryos. 
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might represent a "viability canalization" in which major alterations in 

proteins would not be tolerated. Therefore, a nearly constant protein 

level would be maintained even though cell size and number per unit 

weight is changing. 

The discontinuous SDS polyacrylaminde electrophoresis-

polypeptide separation technique of Laemlii (1970) was used to determine 

if a difference in buffer soluble proteins could be detected in the 

three genotypes. 

There was no discernible difference in any of the tissues (Fig. 

7) tested at a variety of gel concentrations (Table 10). The inability 

to find a difference between dwarf phenotypes and the normal does not 

mean that a protein difference does not exist. An elusive protein 

might be involved with a membrane function such as a hormone receptor 

or be in very low concentration as might be expected of a regulatory 

protein. Two or more polypeptides may occupy the same band and obscure 

the reading of the protein patterns. Presumably, changing polyacryl-

amide concentrations should allow charge and shape differences to be 

exposed. Finally, the D8 gene might not produce a protein product at 

all. The locus might be involved with a controlling site on the 

chromosome such as the promoter or operator of microorganisms. A 

mutation of this type would affect the gene to which it was linked in 

the cis position and, therefore, might display incomplete dominance. 

The alcohol dehydrogenase pollen staining and electrophoretic 

experiments were done to explore the possibility of a deficiency 

including the Adh-1 locus. Bridges (1917) was able to show that a 

deficiency can include other proximal genes. Only Adh-1 is expressed 



Table 10 

PROTEIN ANALYSIS 

Mean % protein for the three phenotypes represented 
in % of fresh weight (Lowry Method1) and % of dry 
weight (Kjedahl2) 

PHENOTYPE 

NORMAL DWARF MINI 

%/gm P. W. 2.22 2.95 3.26 

%/gm D. U. 24.45 27.10 28.65 

1. Standard for Lowry: y =0.54x + 0.025 from 0.05 to 0.5 mg BSA. 

2. Calculations for Kjedahl 5 ml aliquots: 

% PROTEIN = (5)x(115.12)x(mls HC1 titration) 
(sample dry weight) 

with a conversion factor of 6.25 Nitrogen to Protein. 



Table 11 

POLLEN VIABILITY 

Viability determined by a positive or negative 
reaction to four stains. The percentages are 
non—weighted averages of two or more samples. 

REACTION TO STAIN 

Positive Negative 

TETRAZOLIUM 

MINI 15.6% 84.4% 
Dwarf 89.2% 10.8% 

Adh Activity 

MINI 8.2% 91.8% 
Dwarf 61.2% 38.8% 
Normal 77.4% 22.6% 

Fluorscein Diacetate 

MINI 14.5% 85.5% 
Dwarf 91.5% 8.5% 

I^-KI (starch) 

MINI 0.8% 99.2% 
Dwarf 97.7% 2.3% 
Normal 98.2% 1.8% 
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in the pollen of maize and Adh-1 and Adh-2 can be induced in other 

tissues (Schwartz 1971) of this plant. Electrophoretically three bands 

are formed by the two Adh genes because the active enzyme forms all 

possible dimer combinations (Schwartz 1971). 

All three phenotypes displayed identical enzyme patterns. If 

the D8 mutation included the Adh-1 locus, then only one band might be 

expected in the pattern of the mini. The Adh pollen experiments were 

a little ambiguous because of pollen inviability in the mini phenotype. 

Ultimately, the mini's pollen tested positive for Adh-1 activity even 

though at a much lower percentage than the other phenotypes. It can be 

concluded that the Adh-1 locus is not included in the reputed D8 

deletion. 

The results of the pollen viability tests provide an answer to 

the problem of no seed set in any cross involving the mini phenotype. 

The average viability of the mini pollen was 15.6% with 

tetrazolium, 14.5% with fluorescein diacetate and 8.2% with alcohol 

dehydrogenase activity. The viability of the mini's pollen might even 

be lower because the enzyme systems measured by stains are sometimes 

present in an active form long after the viability in terms of 

fertilization ability is lost (Brewbaker 1971). Pollen from normal 

and heterozygous plants average between 85-95% viability. The 

pleiotropic nature of pollen viability becomes evident when the 

intermediate stature and normal pollen viability of the heterozygote 

is considered. The presence of the D8 gene in the pollen does not 

terminate its function, but homozygosity in the mature plant apparently 

does. 



The tapetum plays an important role in pollen maturation 

(Cheng, Greyson, and Walden 1979). Two possible ways the tapetal 

cell layer might contribute to pollen inviability are through a cell 

wall or membrane defect or the absence of a diffusible substance in 

the D8 homozygote that is active in the other genotypes. The 

inability to find a difference in soluble proteins, involvement of 

cell elongation, and the special nature of the pollen's protective 

exine make the idea of a cell wall defect very attractive. 

Unfortunately, the experiments and results do not distinguish between 

the alternatives. 



CHAPTER VI 

DISCUSSION AND CONCLUSION 

The experiments in this dissertation have characterized the D8 

mutation of Zea mays. The morphological measurements indicate that the 

D8 mutation is incompletely dominant. The cytological studies 

demonstrate that the homozygote, D8/D8, produces sterile pollen and 

that a chromosomal loop is present only in pachytene spreads of the 

pollen mother cells of the heterozygote, D8/d8. The results of the 

bioassay for auxin produced by the coleoptile tips are the same for the 

dwarf and normal sibs. The pattern of response to applied growth 

substances is the same when auxin or kinetin is used. The dwarf 

pattern differs from the normal pattern with the application of 

exogenous GA or cAMP, but the response indicates the phenotype is not 

due to excess of these substances. There is no discernable difference 

in SDS gel electrophoretic patterns as tested in leaf and coleoptile. 

Finally, there is no effect on the expression of the Adh-1 locus which 

was investigated because of the presence of the chromosomal loop in the 

heterozygote and the proximity of the Adh-1 and D8 loci. 

The earliest detection of the mutation can be seen in the 

embryo at about 40 hours of germination. The coleoptile of the dwarf 

is significantly smaller than the normal sib and the rate of increase 

is approximately one-half of the increase of the normal coleoptile 

during that time. The difference in coleoptile measurements indicates 
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a lack of cell elongation in the dwarf which is more pronounced in the 

homozygote, D8/D8. There is no significant difference in the 

coleoptile epidermal cell number of the dwarf and the normal siblings. 

Therefore, the alteration of growth in the coleoptile due to the D8 

mutation can be attributed to the inability of the cells of the mutant 

to elongate. 

The leaf and mesocotyl lengths are reduced in the dwarf 

seedling, but the cell measurements indicate that cell division is 

involved here. The cells of the dwarf leaf are smaller than the normal 

seedling leaf, but do not equal the 50% reduction of the leaf length. 

Therefore, the difference in leaf length might represent a difference 

in cell division and elongation. The length of the mesocotyl cells of 

the dwarf is significantly larger than the cells of the normal sibs. 

So, contrary to the deficiency in cell elongation displayed by the 

leaf and coleoptile, the smaller mesocotyl of the dwarf appears to be 

due only to a lack of cell division. 

The observance of a chromosomal loop in pachytene spreads of 

pollen mother cells of the heterozygote leaves two questions to be 

resolved. What relationship does this chromosomal aberration have 

with the D8 mutation and what mechanism might be at work that would 

explain this incompletely dominant mutation in terms of a duplication 

or deficiency? There does not appear to be a maternal effect on the 

embryos borne by the normal or heterozygous parents. The homozygous, 

D8/D8, combination produces pollen sterility while the heterozygote 

(D8/d8) does not, which implies that a substance or developmental 
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pattern provided by the normal gene (d8) is dominant to the mutant 

gene during pollen formation. A mutation or deletion in a minor 

transfer-RNA species might affect growth and development in this way 

without being lethal to the sporophyte (experiments are proceeding). 

The chromosomal loop might indicate a duplication which could involve 

an imbalance in cell membrane or wall structure. In Drosophila, the 

Bar eye phenotypes are the result of duplications and can display a 

position effect. Sturtevant (1925) was able to show that a change in 

the Bar phenotype accompanied recombination of flanking genes and 

unequal crossing over within the Bar locus. The nature of the loop 

(duplication or deficiency) was not answered by the Adh-1 findings. 

The positive results for Adh-1 test of the homozygous dwarf can only 

indicate that if there was a deletion that it does not include this 

locus. 

Further investigation of hormonal or membrane involvement may 

prove fruitful. The differing response patterns of the dwarf and 

normal seedlings to exogenous GA and cAMP seem to dictate further 

investigation. The investigation of hormone binding sites should 

probably include auxin due to the interlocking relationship of 

gibberellins and auxin displayed by the dl dwarf mutant of maize. 

Aside from the possible membrane involvement with binding-sites, a 

defect in the membrane or cell wall structure might explain the 

differences in cell elongation and division and the homozygote's 

inability to produce viable pollen. The soluble protein patterns did 

not produce a difference between dwarf and normal plants and it may 
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be that a difference could be found in one of the insoluble protein 

fractions. Although the difference in protein levels is not indicative 

of a protein synthesis defect, the synthesis of an essential protein 

may be altered directly or indirectly without altering total protein 

content. 

It seems possible that dominant or semidominant mutants may 

play a role in genetic regulation. Therefore, the characterization of 

dominant mutants might facilitate the understanding of genetic 

regulation in eucaryotes as has been demonstrated in the procaryotes. 



Table A 

Respiration of 5 day old seedlings 
measured in mean volume oxygen utilize. 

Normal - 73.0yl/15 min/Gram F.W. 
±6.87 

Dwarf - 84.3yl/15 min/Gram F.W. 
±3.98 

Table B 

Phenotype segregation ratio. 

Normal - 53 

Dwarf 

MINI 

- 107 

- 47 

X2=0.55 
Probability between 70-80% 



Table C 

REGRESSION AND CORRELATION DATA FOR FIG. 1 

The linear regression equation represents the best fit 
for the mean increase in length compared to time. A 
correlation coefficient value approaching -1 indicates 
a high negative correlation. 

COLEOPTILE Regression Equation Correlation 

Normal 

Dwarf 

y = -0.15x + 10.55 

y » -0.08x +5.85 

-0.98 

-0.97 

First Leaf 

Normal 

Dwarf 

y = -0.22x + 15.94 

y = -0.04x + 5.50 

-0.87 

-0.31 

Second Leaf 

Normal 

Dwarf 

y = -0.07x + 22.25 

y = -0.03x +8.95 

-0.33 

-0.38 

Third Leaf 

Normal 

Dwarf 

y = 

y = 

-0.05x + 17.74 

-0.03x +8.56 

-0.34 

-0.53 



Table D 

LAEMMLI GEL SOLUTIONS" AND PREPARATION 
(modified by Mark Zukowski) 

SOLUTIONS 

a) 30% acrylamide +0.8% methylene bisacrylamide 

- 30 grams acrylamide and 0.8 grams mba bring volume to 100 mis with distilled H^O 

b) Lower Tris (4x) Buffer-1.5M TRIS-HC1 pH 8.8 + 0.4% SDS 

- 18.17 grams tris base + 4 mis 10% SDS bring to volume of 100 mis with distilled H„0 and pH 8.8 
with 12 N HC1 

c) Upper TRIS (4x) Buffer - 0.5M Tris-HCl pH 6.8 + 0.4% SDS 

- 6.06 grams Tris base and 4 mis of 10% SDS bring to volume of 100 mis with distilled H_0 and pH. 
6.8 with 12 N HC1 

d) TRIS-Glycine (4x) Reservior Buffer 

- 12 grams Tris base and 57.6 grams glycine bring to 1 Liter with distilled H^O 

e) Sample Buffer 

- 10 ml glycerol, 5 ml 2-mercaptoethanol, 30 mis of 10% SDS, and 12 mis upper Tris (4x) buffer 
bring to volume of 100 mis with distilled 1^0 

f) Ammonium Persulfate Solution (APS) - 2% - must be FRESHI! 

- 100 mg Ammonium persulfate + 5 mis distilled 1^0 



Table D . (continued) 

GEL PREPARATION (continued) 

LOWER GEL (% Gel) (continued) 

1. Run at 5-6 volts through the stocking gel and 10-12 volts in the lower gel until bromophenol 
blue tracking dye moves sufficiently through lower gel. 

2. Butyl-alcohol was used during gel formation to produce a flat surface and was removed with 
repeated applications of distilled 1^0. (Jim Jurgenson, personal communication) 

3. Staining was accomplished with Brilliant Acid BLUE R 1% in 5% methanol and 7% Acetic Acid. 
Destaining was with repeated solutions of 5% methanol and 7% acetic acid. 



Table D (continued) 

SAMPLE PREPARATION 

Place a sample (0.1-5yg protein) in 100-500 yl of sample buffer and heat in water bath 90°C for 
2 min. 

RESERVOIR BUFFER 

500 mis Tris-Glycine 4x reservoir buffer + 20 mis of 10% SDS bring to 2000 mis with distilled 1^0 

GEL PREPARATION 

UPPER GEL VOLUME 

H20 3.17 ml 

Upper TRIS (4x) Buffer (Solution C) 1.25 ml 

30% Acrylamide Solution (Solution A) 0.5 ml 

2% APS (Solution F) 75 yl 

TEMED 5 yl 

LOWER GEL (% Gel) 5 7.5 8.75 10 12 

H2O 22.7 ml 19.4 ml 17.7 ml 16.1 ml 12.7 ml 

Lower TRIS (4x) Buffer (Solution B) 10 ml 10 ml 10 ml 10 ml 10 ml 

30% Acrylamide (Solution A) 6.7 ml 10 ml 11.7 ml 13.3 ml 16.7 ml 

2% APS 0.6 ml 0.6 ml 0.6 ml 0.6 ml 0.6 ml 

TEMED 20 yl 15 yl 10 yl 10 yl 10 yl 
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