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ABSTRACT 

Chilling temperatures during germination and seedling emergence can have devastating 

effects on seedling cotton Gossypium hirsutum L. stands. Since cotton cultivars differ in 

their responses to chilling temperatures, one must first identify which enzymes respond to 

chilling temperatures to use isozyme zymograms to select for chilling tolerance. This 

research was designed to determine if detectable differences exist in gene expression for 

enzyme synthesis during germination and if these differences can be used through breeding 

efforts to increase chilling tolerance in cotton. 

Seeds of six cotton cultivars were germinated for 6 days at 18°C and 30''C. Radicles 

were excised and enzymes extracted for separation by starch gel electrophoresis. In 

addition, radicles were measured daily for growth comparisons at each temperature. 

Results indicated that Acala 1517-75 germinated and grew better at 18°C than the other five 

cotton cultivars. These results corresponded to isozyme analysis in which chilling 

temperatures induced changes in a-amylase, alcohol dehydrogenase, glucose-6-phosphate 

dehydrogenase, isocitrate dehydrogenase, and malate dehydrogenase. Isozyme staining 

intensity, indicative of specific isozyme activity, was greatest at 18°C for alcohol, glucose-

6-phosphate, isocitrate, and malate dehydrogenases. Although no one dehydrogenase was 

found to be an exclusive indicator of cold tolerance, it is anticipated that with further 

experimentation a genetic marker isozyme can be identified for use in breeding efforts to 

increase chilling tolerance in Upland cotton. 
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CHAPTER I 

E^miODucnoN 

The establishment of a uniform, vigorous stand of seedlings is an important aspect of 

the successful production of Upland cotton (Gossypium hirsutum L.). Cotton producers in 

areas with short growing seasons, such as the Texas High Plains, usually plant as eariy as 

possible to accumulate adequate heat units for fruit maturation. The optimum temperature 

for cotton seed germination is 30-33°C (1), and stand failures are often experienced when 

temperatures drop near 18°C. Chill injured plants experience physiological dysfunctions 

that can result in delayed emergence, abnormal tap root development, delayed maturity, 

reduced fiber quality, reduced yields, and seedling death (12). Visual symptoms of chilling 

injury include death of the radicle tip, basal hypocotyl swelling, and a shallow lateral root 

system (8). The radicle becomes club shaped and necrotic, and areas of the cortex may 

slough off, exposing the stele. Amino acids, sugars, and other organic constituents leak 

out through plastid and cell wall membranes weakening the plant and attracting pathogenic 

fungi and nematodes (13,80). The extent of injury depends on the temperature, duration of 

the exposure, plant species, and morphological and physiological condition of the tissue. 

Chill injured cotton plants grow more slowly for as much as four weeks after exposure to 

cold temperatures. Dry weight accumulation and gain in plant height are reduced in 

proportion to the duration of chilling (9). 

A significant feature of cold sensitivity is the disruption of normal metabolism. 

Enzyme activities which catalyze metabolic reactions are important in maintaining 

physiological stability. A single enzyme is often partitioned among two or more 

molecularly similar proteins. Such similar proteins are called isozymes and are known to 

differ in temperature and pH optima and extraction solubilities. Root exudation and 

germination studies with chill stressed cotton revealed variability that may provide a basis 

for selection by isozyme analysis (7,11). 
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Isozyme analysis has become an important analytical technique in plant biology. 

Isozymes are polypeptides whose amino acid sequences are transcribed directly from the 

nucleotide sequence of a gene. Isozymes which differ significantly in amino acid 

composition, due to changes in the structural genes coding for polypeptides, will have 

different electrophoretic mobility, molecular sizes and configurations. These differences 

enable electrophoresis techniques to separate and visualize active isozymes, ideally 

producing one distinct band in the gel for each dissimilar enzyme. An appropriate 

histochemical staining procedure is used to reveal the positions of the isoenzyme bands 

relative to one another. The pattern represented by colored bands is called the zymogram 

and indicates localized areas of enzymes catalyzing a particular reaction. Thus, any 

consistent banding differences between varietal zymograms may be attributed to genotypic 

differences between cultivars. Most plants investigated thus far exhibit zymogram 

variability (49,82). 

Although the plant's growing environment does not directly affect the amino acid 

composition of a particular isozyme, the environment can affect gene activity and determine 

when and how much of a particular isozyme is produced. Disease, mechanical injury and 

air pollutants are also known to affect isozyme gene activity (70). Even when plant tissues 

of the same physiological age are compared, differences in their respective growing 

environments, such as temperature, photoperiod, nutrition, and disease, may alter the elec

trophoretic phenotype. Since chilling temperatures can induce changes in protein synthesis 

patterns, it is possible that isozyme activities differ in chill-tolerant and chill-susceptible 

cotton cultivars. 

Quantitative variation appears to exist in cultivated and wild populations. Since 

quantitative variation is pertinent to problems of plant vigor and breeding, the study of 

environmentally produced changes in enzyme and protein concentrations has practical 

applications. Although isozyme analysis has been used extensively in genetic and 



evolutionary studies, there have been few attempts to correlate isozyme variation with cold 

stress in cotton. If it is possible to evaluate plants at the seedling stage for cold tolerance 

and retain only desirable genotypes, then large savings in time, space, and effort could be 

achieved. The primary objective of this research was to begin an initial investigation to 

determine if chilling temperamres induced differential enzyme expression in cotton. It was 

anticipated that any enzymatic changes would also provide information that could serve as 

a basis for further and more detailed studies. 



CHAPTER II 

LITERATURE REVIEW 

Chilling injury of cotton is most severe during initial hydration of the seed when RNA 

synthesis, ribosome formation, and the protein synthesis systems are developing (81). A 

second sensitive period occurs between 28 and 32 hours after imbibition (7,8). Cellular 

symptoms of chilling injury include vacuolation of the cytoplasm, disruption of plastid and 

mitochondrial membranes, disorganization of the cell walls, loss of cytoplasmic strands, 

and the accumulation of lipids (38). Biochemical events such as protoplasmic streaming, 

chlorophyll formation, sugar metabolism, and respiration are reduced. 

Amino acids, phenols, phospholipids, proteins, and adenosine triphosphate (ATP) 

have been associated with the adaptation of plants to environmental stress. Increases in 

total nitrogen (5,42), soluble protein nitrogen (15,26,43), soluble nonprotein nitrogen 

(42), total free amino acid concentration (21,83), nucleic acid concentration (43,44,72), 

and some specific enzymes (26) have also been observed in response to environmental 

changes. Fatty acids in membrane lipids are also important in chilling responses. High 

concentrations of unsaturated fatty acids in plasma membranes have been correlated with 

chilling tolerance (14). In chill injured plants, free fatty acids (most notably linolenic acid) 

were released from the chloroplast lipids and damaged the thylakoid structure (the site of 

the primary processes of photosynthesis), the photosynthetic electron transport system, 

and phosphorylation reactions (45). When linolenic acid metabolism was blocked in 

developing root tips, membrane flexibility decreased and seedlings were injured by cold 

temperatures (76). Temperatures below 15°C result in membrane lipids that become 

solidified and form cracks and channels through which organic constituents are lost (41). 

Membranes of dry seeds are in a hexagonal configuration and are only arranged in the 

more typical lamellar arrangement when the water content rises above 20%. During the 



short period when the phospholipids are reorienting themselves, cell contents are being 

rehydrated, but the membranes are not yet established as a semipermeable barrier (73). 

Cold temperatures prevent the proper orientation of phospholipids and leakage is profuse. 

Thus, low temperatures have the dual effect of enhancing leakage and restricting growth. 

Phase changes in the membranes also may increase the activation energy of some 

membrane bound enzyme systems resulting in metabolic disruptions in non-membrane 

bound systems (9,10,14,33,34,67,75). Above a critical temperature the enzyme molecules 

are active, but below this critical temperature more enzyme molecules are in a more solid 

environment and their reaction rate decreases. Thus, a higher amount of energy is required 

to remove an enzyme molecule from a solid to a fluid domain (19). Some enzymes may 

form only an activated complex in a fluid lipid environment. 

Specific enzymes such as catalase and peroxidase exhibit quantitative changes in alfalfa 

roots exposed to cold temperatures (26). Various hydrolytic enzymes have also been 

investigated in cold tolerance studies. The hydrolysis of starch by amylases is widespread 

in plants exposed to cold temperatures. Studies suggest that specific amylases are in an 

inactive form at higher temperatures and become activated at lower temperatures (36). 

Qualitative differences have been detected in esterases during cold tolerance development 

(52,61). It was suggested that these enzymes are involved in fatty acid and lipid 

transformations during cold hardening. Qualitative differences were also observed in 

certain acid phosphatase isoenzymes during hardening. 

Many organisms can overcome the effect of cold temperature on membranes by 

enzymatically altering membrane lipid composition to restore the functionality of the 

membranes (78). Other studies strongly suggest that the microsomal membrane is the focal 

point of chilling tolerance in plants. The ability of the microsome to desaturate fatty acids 

and efficiently transfer these unsaturated fatty acids to other membranes may be the rate 

limiting step in chilling tolerance (3). The polar head group of phospholipids can exert an 



influence on the activity of associated enzymes. It is also noted that different membrane 

systems in the cell undergo thermal transitions at different temperatures (47). 

Mitochondria which have a somewhat lipid poor membrane system show changes in 

enzyme activity of cytochrome c oxidase as a function of temperature (66). Low 

temperature could exert direct effects on the protein via hydrophobic bonding that is 

weaker at low temperatures or hydrogen bonding which is stronger at low temperatures. 

Hydrophobic bonding is important in maintaining enzymatic structure and thus influences 

the kinetic parameters of the enzyme (59). Low temperature stress also may disrupt the 

metabolism by direct effects on phosphoenolpyruvate (PEP) carboxylase. The operation of 

the TCA cycle is dependent on a continued supply of C4 acids that are produced by this 

enzyme. The decline in activity of enzymes such as malate, glutamate, alcohol, glucose-6-

phosphate, isocitrate, and glutamate dehydrogenases has also been reported in soybeans 

(18). 

Soluble proteins also have been implicated in the physiological adaptation of plants to 

environmental stresses (9). Soluble protein concentration may be important due to their 

capacity to form hydrogen bonds and bind water. Some soluble proteins have been shown 

to be highly effective in protecting plant membranes from cold damage (31,33). Soluble 

protein studies using polyacrylamide electrophoresis on alfalfa failed to detect qualitative 

differences, but quantitative concentrations of some proteins were changed in plants 

exposed to different temperatures. Quantitative variations exist when a particular band is 

present in zymograms of two different cultivars but differ in staining intensity. It was 

concluded that the intensity of protein staining reflected the degree to which the plants had 

been cold- hardened (9). Lower temperatures resulted in consistently higher concentrations 

of proteins in certain regions of the gel with differences being maximized at 13°C. 

Furthermore, isoenzyme phenotypes are more quantitatively than qualitatively sensitive to 

variables of the growth environment. The effects of temperature, light, and field versus 



laboratory environments, are reported to produce quantitative variation without affecting 

qualitative variation. In studies on alfalfa, qualitative differences were generally due to 

differential solubilities of the isozymes in different extracts (26). 

Ontogenetic differences among tissue samples also affect quantitative variation by 

affecting the relative physiological activity of the tissues. Banding patterns of the pericarp, 

seed coat, endosperm, scutellum, and embryo of wheat seeds were different for the 

investigated enzymes. Also, the maturity of the grain further affected banding patterns. 

Quantitative variation does not provide clear and discrete differences as does qualitative 

variation, thus its use in genetic studies is limited. Nonetheless, many studies suggest that 

quantitative changes in enzymes are particularly significant to cold tolerance. In general, 

the detection of specific isozymes depends upon plant age, tissue origin, growth 

environment, enzyme stability, as well as the method of extraction, separation and 

visualization. 

The metabolic activity during germination is greater than at any other period in the life 

cycle of the cotton plant (4). The major metabolic event of post-germination is the 

glucogenesis of storage lipids. Enzymes for the oxidation of fatty acids, lipids and 

glyoxylate cycle reactions are contained in the glyoxysomes. Respiratory energy needed 

for germination is produced by 6-oxidation enzymes that remove fatty acids released during 

triglyceride synthesis (37). Chilling injury during germination might impair the induction 

of glyoxysomal enzymes, affecting the oxidation of succinate, membrane transport, or 

other stages in the gluconeogenic sequence. 

Isozyme systems 

Acid Phosphatases (ACP) comprise a large group of nonspecific phosphohydrolases 

which function in the hydrolysis of phosphomonoesters important in several biochemical 

reactions including the formation of sucrose. Acid phosphatase activity is expressed in the 



cytoplasm of roots, leaves, and pollen (20). Cellwall bound ACP are present in roots 

where they function in phosphate mobilization and cell-wall metabolism. Plant acid 

phosphatases frequently differ in relative intensity of staining on gels when extracted from 

different tissues and during various stages of ontogeny. In soybeans, large differences 

were observed among different tissues and developmental stages (46). At least four groups 

of the phosphatases exhibit dramatic changes in expression during development. One 

prominent band appears on zymograms of germinating embryos of all rye species. This 

phosphatase disappears during the germination of the seed and new phosphatases of 

different mobility become evident. Another phosphatase band in leaf tissue undergoes a 

gradual change from a discrete band to an intense, broad smear as the seedling ages (40). 

Other authors (74) have consistently observed one very intense zone of ACP activity with 

several very faint bands occasionally evident. 

Aconitase (ACON) is an enzyme of the glyoxylate cycle in the glyoxysomes of fatty 

seeds. It catalyzes the removal and replacement of water from citric acid to make cis-

aconitic acid and isocitric acid, respectively. The glyoxylate cycle converts fats to sugars, 

but the enzymes are not usually found in other tissues. 

Alcohol dehydrogenase (ADH) catalyzes the oxidation or reduction of many different 

substrata. ADH is necessary for anaerobic glycolysis that occurs in the metabolism of 

germinating seeds and early in germination. Alcohol dehydrogenases generally require 

NAD as a cofactor, but a NADP dependent ADH has been described from wheat seedlings 

(39). Most plants studied thus far contain two isozymes, one in the chloroplast and one in 

the cytoplasm. The activity is expressed in seedling roots and predominates under 

anaerobic conditions. Alcohol dehydrogenase zymograms have been used for selection of 

breeding lines at the gametophytic level for responses to environmental factors such as 

temperature (84). Alcohol dehydrogenase is highly active in the embryos of cereals, but 

during germination, its activity rapidly decreases to low and barely detectable levels in 
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seedling tissues (40). Alcohol dehydrogenase activity is high in alfalfa seeds but was 

difficult to observe in roots. Only one staining zone was detected in starch gels (64). In 

Salix (32), no differences were observed in cold stressed plants. In Brassica spp., only 

one active band was located in seeds, whereas a different band was identified in roots, 

leaves, and pollen. In celery, two isozymes were active in seeds and root tissue, but at 

low intensities. Alcohol dehydrogenase activity was extremely low in leaf and petiole 

tissue and pollen. Maize plants that are homozygous recessive for ADH activity germinate 

poorly and drowned more quickly under soaking conditions than plants that were 

heterozygous at either of two loci (24). Plant ADH helps generate NAD oxidizing power 

by catalyzing the reduction of acetaldehyde to ethanol. Seeds devoid of ADH isozymes 

could not survive submersion under conditions where siblings containing ADH 

flourished. It was concluded that ADH 1 contributes more survival value than ADH 2, 

but both contribute (23). Seeds immersed in water for 24 hours exhibited a new band of 

ADH activity (60). 

Amylase (AMY) degrades starch with the formation of dextrine, maltose, and glucose 

and can be separated based on their thermal, acid, and inhibitor sensitivity. Early in 

germination, the number of amylase isozymes increases in rye (40). In soybeans, three 

isozymes were revealed with the first two bands being very weak and the third being much 

stronger (28). Two forms of amylase have been isolated from the endosperm of maize 

kernels. The two distinct forms have different pH and temperature stabilities. One form 

lost activity at a lower pH, while the other form was more susceptible to heat inactivation. 

Catalase (CAT 1) is active during kernel development and rapidly decreases in activity 

after seed germination in the scutellum. Catalase (CAT 2) increases in activity after seed 

germination peaking at day four of seedling growth and then declines. Therefore, at early 

germination, only CAT 1 is expressed. As growth proceeds both catalases are 

simultaneously expressed. A hybrid catalase molecule has been reported to form during 



this brief time (68). During late germination, only CAT 2 is observed. The shift from the 

expression of CAT 1 and CAT 2 results from differential rates of enzyme synthesis and 

degradation between the two enzymes (63). 

Esterases hydrolyze many compounds at the ester linkage. Plants contain several 

esterases in many different tissues (50). Esterase isoenzymes have been extensively 

smdied in maize but they have a low substrate specificity and are difficult to differentiate 

among specific classes. The highest esterase activity in maize was located in the scutellum 

suggested by the intense staining. Research suggests the staining intensity of esterase 

bands varies depending on the plant species, tissue, and developmental stage. Research on 

tomatoes revealed only one band until roots were forced into maximum growth in well 

aerated media where six other loci were revealed (77). Quantitative differences were 

observed for esterase zymograms for cultivars of Avena sativa grown under warm and cool 

temperature regimes. 

Fructose 1,6-diphosphatase (F1,6DP) is an enzyme of the Embden-Meyerhoff-Pamass 

(EMP) pathway of glycolysis. This enzyme converts fructose diphosphate to fructose-6-

phosphate yielding an inorganic phosphate. This energy wasting step of the glycolytic 

cycle ensures that the reactions will proceed in a forward direction and not back up with a 

massive production of intermediates (16). Studies determined that two forms of fructose 

1,6-diphosphatase could be distinguished by their pH optima displaying maximum activity 

at a significantly higher pH (65). 

Glucose-6-phosphate dehydrogenase (G6PDH) studies revealed three different 

cytoplasmic bands in two different soybean species. In some tissues, only one band of 

low intensity was visible, but in others three bands of high intensity were detectable (29). 

Studies oiDianthus and Salix (32) showed no significant changes in isoenzyme patterns of 

cold exposed plants (53). However, in plants of Populus this enzyme was closely related 

to changes in the environment (69). Large quantitative differences were observed in alfalfa 
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cultivars exposed to cold that may reflect their possible role in the altered metabolic state 

associated with cold tolerance (43). These authors concluded that a rate difference in the 

net or critical level of enzymes synthesized, activated, or accumulated during hardening 

may be the limiting factor resulting in the different levels of cold tolerance in alfalfa (43). 

Glutamate dehydrogenase (GDH) is an important link between the carbohydrate 

metabolism of the tricarboxylic acid cycle (TCA) and protein metabolism. GDH either 

anabolically incorporates NHs into a-ketoglutaric acid derived from the TCA cycle or 

catabolically removes NH3 fi-om glutamic acid to yield a-ketoglutaric acid (25). Research 

has shown that a slow electrophoretic migrating form was sensitive to low night 

temperatures, and plants were stunted and exhibited severe necrotic striping (27). GDH 

isozymes stained intensely in three-day-old seedlings, while other bands decreased in 

staining intensity because of greater numbers of unlike subunits. In peppers, only one 

band has been observed (54). In Dianthus, no changes were observed in patterns of cold 

exposed plants (53). Studies on alfalfa revealed only one band from all extracts and 

tissues. A high level of this enzyme during early cold tolerance may be involved in amino 

nitrogen conversion (43). 

Hexokinase (HEX) uses ATP in the first step of the EMP pathway to phosphorylate 

glucose that results in the formation of glucose-6-phosphate. The resulting glucose-6-

phosphate is converted into its isomer, fructose-6-phosphate. A second molecule of 

phosphate is next introduced from ATP by phosphohexokinase. Hexokinases transfer 

phosphoryl groups from ATP to a variety of six-carbon sugars. All kinases require Mg for 

activity. 

Isocitrate dehydrogenase (IDH) is an enzyme involved in the oxidation of isocitric acid. 

Most plant species reveal a single locus; however, two loci have been reported in soybeans. 

In winter wheat, IDH activity was higher than in plants grown under non-chilling 

conditions (26). In alfalfa, quantitative changes in the IDH zymogram were observed. Of 
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all the enzymes studied by Gerloff and co-workers, the quantities, solubilities, and 

extraction of IDH varied more that any other enzyme (26). Large quantitative differences in 

IDH suggest a close relationship to cold tolerance. Two bands have been observed in 

alfalfa. A slow and very diffuse band was also observed on tolerant cultivars (43). 

Malate dehydrogenase (MDH) catalyzes the NAD-dependent oxidation of malate. MDH 

is compartmentalized in microbodies, mitochondria, and cytoplasm. The cytoplasmic and 

mitochondrial forms are active in the roots, shoot, endosperm, scutellum, hypocotyl, 

coleoptile, leaves, and pollen. The microbody form is active in endoderm and scutella of 

maize. MDH appears on polyacrylamide zymograms as two broad zones in all wheat and 

rye species examined. No differences have been demonstrated between glyoxysomal 

and peroxisomal forms; however, differences have been found between the cytoplasmic 

and mitochondrial forms (79). Ascorbic acid inhibits the cytoplasmic forms but not the 

mitochondrial forms. A correlation was found for stain activity present in bands in the gel 

and the amount of protein stain in the spots after the second-dimensional electrophoresis. 

This suggests that different levels of activity of individual isozymes are related to the 

number of protein molecules present. MDH 2 isozymes are approximately twice as active 

as either MDHl or MDH3 and are present in greater amounts than MDH 1 or MDH 3 due 

to increased syntheses (57). In tobacco, three cytoplasmic enzymes were shown to 

possess different kinetic properties in response to different temperatures. An isoenzyme 

located in the cytoplasm became predominant in plants grown at O'C. A different 

isoenzyme became prevalent in plants grown at 35''C (17). MDH banding patterns revealed 

no differences in plants of Dianthus upon exposure to cold temperatures (53) or in plants of 

Salix (32). MDH also increased in winter wheat plants exposed to cold temperatures. It 

was concluded that dehydrogenases could be used for assessing the degree of cold 

tolerance in wheat zymograms. Assays of alfalfa cultivars revealed mainly quantitative 

differences in changes in the environment (26). 
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Malic enzyme (ME) catalyzes the carboxylation of pyruvate and CO2 to form malate. 

The NAD-i- linked form of this enzyme is present in all of the plant mitochondria isolated 

thus far and probably plays a role in organic acid metabolism by converting C4 acids into 

acetyl-CoA, without supplying pyruvate from glycolysis to provide the normal respiration 

substrate. NADP-linked malic enzyme has been located in the cytoplasm. Two different 

forms of malic enzyme have been reported in maize (62). 

The physiological role of peroxidase (PER) is not well understood, but it has been 

suggested that peroxidases may inhibit growth by mediating the oxidation of indoleacetic 

acid. Peroxidases are also associated with cell wall fractions and may be involved in the 

lignification process. Peroxidase activity has also been shown to increase in response to 

wounding. Most peroxidases studied thus far are tissue specific. Plant peroxidases are 

often encoded by many different loci and exhibit post-translational modification. Changes 

in the number and staining intensity of peroxidase often change during seedling develop

ment complicating the interpretation of the zymogram. In rye species, two closely spaced 

bands are evident with the slower one dominating in older seedlings (40). In tobacco, 

peroxidase band patterns exhibited quantitative but not qualitative variation in banding 

intensity among seedling, young, mature, and senescent leaves. Tobacco roots contained 

the highest activities of peroxidase but contained fewer bands than leaf tissue. Research 

also revealed that exposure to cold temperatures enhanced the activity of intercellular 

peroxidases in tobacco (71). Quantitative peroxidase differences were also observed in 

two groups of soybeans, but the two groups were qualitatively identical (6). High growth 

temperatures have been reported to affect the total number of bands present in leaf 

peroxidase zymograms of at least one cultivar of poinsettia. Cold hardened plants of 

Dianthus were found to possess two additional peroxidase bands not present in unhardened 

plants of the same cultivar. Several faint peroxidase bands were observed in common 

wheat cultivars grown at 6"'C that were absent from plants grown at 20''C. Soybeans 
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possess high and low peroxidase activity, which can be consistently classed into either a 

high or low class of activity depending on the intensity of a particular isozyme band. This 

quantitative difference is so distinct that electrophoretic extraction of the peroxidase is not 

necessary to determine the class of activity. Seed coats treated with guaiacol and hydrogen 

peroxide have intense color reaction within 40 seconds of the high activity class and 

produce no reaction of the low class (6). 

Phosphoglucoseisomerase (PGI) isozymes, in tomato seeds stored for over a year, 

revealed three detectable bands. When the seeds began to germinate, only one band was 

detected. It was concluded that the additional isoenzymes were synthesized during seed 

maturation and could serve as an index for the age of seeds and the effects of environmental 

variables on seed longevity. PGI activity is low in imbibed seeds of celery and only 

becomes visible in seedlings seven days or more after germination. PGI activity also was 

observed in tissues of roots, leaves, pollen, and petioles (60). Allozymes (coded by alleles 

of the same gene) of Clarkia exhibit similar molecular weights, pH optima, heat 

sensitivities, and energy of activation. The similarity of electromobility disguised quite 

different enzymes. Significant differences also have been found between chloroplast and 

cytoplasmic isoenzyems of PGI. 

Phosphoglucomutase (PGM) is a glycolytic enzyme that catalyzes an intramolecular 

shift of the phosphoryl group during glycolysis, resulting in the ultimate formation of 

pyruvate and a second molecule of ATP. Phosphoglucomutase is usually encoded by two 

loci and is present throughout the plant. 

6-Phosphogluconate dehydrogenase (6PGDH) is unique to the pentose phosphate 

pathway (PPP) of carbohydrate metabolism. Fluctuations in this enzyme may reflect 

changes in PPP function in relation to environmental change. This enzyme is encoded by 

two loci in most plants studied. One locus is active in the cytoplasm, while the other is 

active in the plastids (30). This enzyme exhibits a single band of different mobility in 

14 



wheat and rye species. In Populus, this enzyme was related to cold tolerance (69). In 

studies on alfalfa, only one band of very low intensity of this enzyme was observed under 

cold temperatures (26,43). This increase also was associated with increases in soluble 

sugar levels that might occur from the conversion of starch to sugar during hardening (15). 

It was speculated that the increase of this enzyme represented an increase in substrate 

availability and PPP function during exposure to cold (26). 

Phosphorylase (PPL) degrades starch to glucose-1-phosphate which is further 

converted by phosphoglucomutase to form glucose-6-phosphate and enters the glycolytic 

cycle. The starch breakdown begins at the non-reducing end by incorporating phosphate. 

The formation of glucose-1-phosphate avoids the need for an ATP to convert glucose into a 

glucose phosphate during respiration. 

Shikimate dehydrogenase (SKDH) activity is not detectable in imbibed seeds of celery. 

It is only expressed in hypocotyl and cotyledon tissues 7 to 20 days after germination. 

Activity was too low in roots to measure adequately . High activity was observed in young 

leaves but decreased with age (60). 

Succinate dehydrogenase (SDH) oxidizes succinate and adds the two hydrogen atoms to 

flavin adenine dinucleotide (FAD) to form fumarate which is converted to malate. 

Succinate dehydrogenase isozymes function in the mitochondria to carry out an essential 

reaction of the Krebs cycle. 
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CHAPTER m 

METHODS AND MATERIALS 

Ten seeds of six cotton cultivars that exhibit different responses to chilling temperatures 

were germinated on germination towels inside 30 mm plastic petri dishes for 120 hours at 

18 and 30''C. Cotton cultivars used were Acala 1517-75, Deltapine 50, Pima S-6, 

Paymaster 145, Stoneville 112, and Tamcot HQ 95. 

Acala 1517-75 was developed by New Mexico State University and is a Fs selection 

from a cross between Acala 688 and Acala 9608. It produces a broad, pyramidal plant that 

is moderately determinate and is medium to late in maturity. Acala 1517-75 has good 

resistance to Verticillium wilt but is susceptible to bacterial blight and the Fusarium wilt-

root knot nematode complex. This cultivar is grown under irrigated condititions in the 

Texas High Plains but is best suited for harvesting with spindle pickers (51). 

Deltapine 50 was developed by Delta & Pine Land Company, Scott, Mississippi, and is 

from an original cross between DPL X6942-051-11-22 and DES 2134-056. It has an 

indeterminate fruiting habit, is medium in height, and medium-to-late in maturity. 

Deltapine 50 is tolerant to verticillium wilt, fusarium wilt, and root-knot nematodes. This 

cultivar is adapted to the growing conditions of the Rio Grande Valley, Upper Texas Coast, 

and Brazos River Valley, and is best suited for harvesting with a spindle picker (56). 

Pima S-6 was developed by the USDA-ARS in cooperation with the State Agricultural 

Experiment Stations of Arizona, New Mexico, and Texas. Pima S-6 is an F4 selection 

from a cross between Experimental strain 5934-23-2-6 and 5903-98-4-4. Pima S-6 has an 

indeterminate fruiting habit and compared to Pima S-5, is a more open plant, earlier 

maturing and higher yielding. This cultivar has adapted to higher elevations (above 750 m) 

in New Mexico and Texas (22). 
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Paymaster 145 was developed by Paymaster Seeds (Cargill Hybrid Seeds), Plainview, 

Texas, from germplasm released by Texas A&M University. Paymaster 145 produces 

plants which have a moderately determinate fruiting habit, early maturity, medium height 

and few vegetative branches. Paymaster 145 produces dark green leaves, is heavily 

pubescent, and has good tolerance to the root-knot nematode/fusarium wilt complex and 

bacterial blight. Verticillium wilt tolerance is moderate. This cultivar is adapted to dryland 

or irrigated production areas as well as narrow-row cultivation and is best suited for 

stripper harvesting (56). 

Stoneville 112 was developed by Stonevill Pedigreed Seed Company from an advanced 

strain of Stoneville 213. Stoneville 112 produces an early maturing plant with reduced 

height and smaller leaves than Stoneville 213. This cultivar has moderate-to-good tolerance 

to Fusarium and Verticillium wilts and is adapted to picker harvesting (56). 

Tamcot HQ 95 was developed by the Texas Agricultural Experiment Station from a 

cross of TX-CABUCS-1-83 and Tamcot CD3H under the MAR system. Tamcot HQ 95 is 

a pubescent, cylindrical shaped plant and is early maturing, drought tolerant and has high 

resistance to bacterial blight. Resistance to seedling diseases, the root-knot 

nematode/fusarium wilt complex, and verticillium wilt is good. Tamcot HQ 95 is adapted 

to all cotton production areas of Texas and is best suited for stripper harvesting (56). 

Gels were prepared by placing two-thirds (335 ml) of the appropriate buffer in a one 

liter Erlenmeyer flask with a magnetic spin bar and bringing to a boil on an electric hot 

plate. The remaining one-third (165 ml) of the buffer was mixed with 157.5 g of 

electrophoresis grade starch (for a 11.5% starch gel) until the suspension contained no 

lumps. The starch suspension was then quickly added to the boiling buffer and vigorously 

swirled with the spin bar to prevent lumps. When the starch grains burst, a colloid formed 

which was manifested as a thickening and partial clearing of the contents. The liquid thined 

and came to a vigorous boil. The gel was then evacuated by placing a two hole stopper 
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with one hole connected to a vacuum line and the other hole covered by a thumb to control 

the vacuum. The gel liquid settled and the bubbles were more or less uniform. The molten 

gel was then evenly poured into a plexiglass mold (9" x 8" x 1/2" for 500 ml capacity) and 

foreign material or lumps were quickly removed with a spatula. When the gel was 

thoroughly cooled, it was covered with plastic wrap to prevent evaporation and refrigerated 

overnight. 

Radicles of the germinated seeds were removed below the zone of maturation and 

macerated with a cold mortar and pestle in an ice bath with 3 ml of 0.75 M phosphate 

extraction buffer, 10% polyvinylpyrrolidone (PVP), and 0.1% v/v of 0.14 M 

mercaptoethanol. The mixture was absorbed onto #3 Whatman chromatography paper 

wicks (12 mm x 5 mm) and placed on a clean paper towel to blot excess moisture. An 

incision for the origin of each gel was cut straight and parallel to the gel edge at 5 cm fi-om 

the top of the gel (cathode end). The back portion of the gel was removed and the wicks 

were placed onto the gel so that the wicks were flush with the bottom of the gel. The back 

portion of the gel was then repositioned and a glass rod was placed between the gel edge 

and the mold to improve contact across the origin. 

The gel mold was placed on the electrode boxes (a drawer organizer into which a 

banana-plug jack was mounted and attached to a length of 30 gauge platinum wire) with the 

origin toward the cathodal (negative) electrode. The cathodal sponge (20 cm x 20 cm x .5 

cm) was placed at 3 cm to the left of the origin and the anodal (positive) sponge the same 

distance across the right side of the gel. An acetate sheet was placed over the sponges and 

gel and Blue ice packs were placed on top of the gel to prevent overheating during the run. 

A Hoefer 600 SE power supply was turned on at a constant current of 40 mA per gel (as 

many as four gels could be run simultaneously). After 30 minutes, the power was turned 

off and the wicks were removed to improve and clarify the bands. Power was turned back 
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on and electrophoresis continued until a visible migrating front was 2 cm from the edge of 

the gel mold (approximately 5 hours). 

Upon completion of electi-ophoresis, the gels were removed, blotted dry on a paper 

towel, and the upper left hand comer notched for proper orientation. In the initial phases of 

each isoenzyme studied, the top portion of the gel was stained to check for cathodic 

migration. The anodal portion of the gel was placed on a plexigalss shcing board ( a piece 

of 10" X 6 1/2" X 1/4" plexiglass with a length of 1/16" brass welding rod glued near each 

edge) and a plexiglass plate was placed on top of the gel to provide weight. A gel slicer 

(made by mounting 2 angle irons on a wood handle with 0.008" diameter guitar string held 

taught between the irons) was used to slice the gel horizontally into four slices by resting 

the wire on the slicing board rails and gliding the slicer wire through the gel with a smooth 

motion and constant speed. Downward pressure was applied on the plexiglass plate to 

prevent the wire from raising and to keep the gel still. The gel was turned over and the 

sliced piece was peeled off and placed in a stain box, cut side up, and treated to develop 

specific enzymes. The procedure was repeated until all slices were made. 

Gel slices were stained by placing the appropriate stain ingredients into a comer of the 

stain box and allowed to diffuse into the gel. Most of the dyes were light sensitive and thus 

the boxes were immediately placed in a drawer. After staining, the gels were thoroughly 

rinsed in tap water, blotted dry, scored, and wrapped in plastic wrap and frozen. The 

developed isozyme bands were visually rated for relative intensity. Visual ratings were 

zero (0) for no staining acdvity, one (1) for faint staining, two (2) for moderate staining, 

and three (3) for intense staining. Electrode, gel, and stain recipes were modified by 

varying the amount of ingredients as necessary from Gottlieb (30). To compensate for the 

insensitivity of starch to isozyme staining intensity, twelve replications were used for each 

isozyme. Analysis of variance was by SAS (Statisdcal Analysis System) performed using 

a split-plot design with one variety per gel as the main plot effects containing random 
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assignments of 18° and 30°C treatments as the subplot effects. Each tt-eatment (subplots) 

had five lanes per gel which were averaged to obtain a single scoring value for that 

particular isozyme replication. 

Petri dishes containing seeds of each variety were placed in the seed germinator and roots 

were measured to determine if a correlation existed between isozyme pattems and root 

growth. Arithmetic means for all six day measurements per cultivar and temperature were 

calculated and separated by Duncan's Multiple Range Test. 
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CHAPTER IV 

RESULTS 

Results of root growth measurements showed that at 30''C for six consecutive days, the 

combined means for Pima S-6 was 104.5 mm. Paymaster 145 was 100.7 mm, Acala 1517-

75 was 100.6 mm, Stoneville 112 was 98.8 mm, DPL 50 was 96.8 mm and Tamcot HQ 

95 was 95.4 mm. At IST, Pima S-6 was 23.8 mm, Paymaster 145 was 25.7 mm, Acala 

1517-75 was 26. 7 mm, Stoneville 112 was 23.8 mm, DPL 50 was 23.5 mm, and Tamcot 

HQ 95 was 11.5 mm. Means for Tamcot HQ 95 were low due to delayed radicle 

emergence and/or lack of germination at 18°C. Acala 1517-75 proved to be the most 

efficient germinator at 18°C. The combined means for all radicles at both temperatures 

revealed that Pima S-6, Acala 1517-75, and Paymaster 145 were superior (P<0.05) in 

radicle growth to Stoneville 112, DPL 50, and Tamcot HQ 95 (Table 1). 

Table 1. Analvsis of Variance of Radicle Growth at 18° and 30° C for Six Cotton Cultivars 

Source DF ANOVA SS F VALUE PR>F 

Temp 
Rep(temp) 
Var 
Temp*Var 
Var*Rep(Temp) 
Day 
Temp*Day 
Var*Day 
Temp*Var*Day 

1 
12 
5 
5 
60 
5 
5 
25 
25 

746484.3087 
1076.3118 
6683.8633 
1933.4011 
558.6101 
736070.9218 
211252.1930 
2828.1470 
1231.9629 

78459.94 
9.43 
140.50 
40.64 
0.98 
15473.09 
4440.77 
11.89 
5.18 

0.0 
0.0001 
0.0 
0.0001 
0.5249 
0.0 
0.0 
0.0001 
0.0001 

Test of hypotheses using the ANOVA MS for Rep(Temp) as an error term. 

Source DF ANOVA SS F VALUE PR>F 

Temp 1 746484.3087 8322.69 0.0001 

Test of hypothesis using the ANOVA MS for Var*Rep(Temp) as an error term 

Source DF ANOVA SS F VALUE PR>F 

Var 6683.8633 143.58 0.0001 
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Table 1. Continued 
Test of hypotiiesis using tiie ANOVA MS for Var*Rep(Temp) as an error term 

Source DF ANOVA SS F VALUE PR>F 

Temp*Var 5 1933.4011 41.53 0.0001 

Means with the same letter are not significantiy different (P<0.05). 

Variety Mean 
Pima S-6 64.15 a 
Paymaster 145 63.65 a 
Acala 1517-75 63.18 a 
Stoneville 112 61.32 b 
DPL 50 60.10 c 
Tamcot HO 95 53.45 d . 

Results of isozyme analysis indicated that significant (P<0.05) quantitative differences 

exist for isozymes of alcohol dehydrogenase, 3-amylase, glucose-6-phosphate 

dehydrogenase, isocitrate dehydrogenase, and malate dehydrogenase for Acala 1517-75, 

Paymaster 145, and Pima S-6 when exposed to chilling temperatures. Glucose-6-

phosphate dehydrogenase differed quantitatively in Acala 1517-75 and Pima S-6 only. In 

addition, qualitative differences were observed in Acala 1517-75 for isozymes of alcohol 

dehydrogenase in over half of the samples tested. In the remaining samples of this cultivar, 

very faint bands were evident. No differences were observed for Deltapine 50, Stoneville 

112, or Tamcot HQ 95. No other enzymes analyzed significantiy differed (P<0.05) in the 

banding pattems among the cotton cultivars tested. The number of isozyme bands 

visualized ranged from one to four, which is typical for starch gel electt-ophoresis for most 

enzymes and plant species. 

Enzyme localization on Starch Gels 

Add phosphatase (ACP). EC 3.1.3.2. Zymograms revealed one heavily stained, fast 

migrating band of enzyme activity for all cultivars tested at both temperatures (Figure 1). 

Tris-citrate buffer (pH 6.5) proved to provide the best resolution of ACP isozymes. L-
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histidine-citric acid (pH 5.7 or 6.5) buffer also resolved ACP isozymes, but with less 

acceptable results. Fast gamet GBC salt was used to locate ACP isozymes which were 

revealed as achromatic regions on a yellowish-brown background. All ACP isozymes 

migrated anodally at these pH's. 

Aconitase (ACON^. E.C. 4.2.1.3. Zymograms exhibited three NADP-specific 

isozyme bands in a Tris-citric acid (pH 7.0) buffer system (Figure 2). A fast, faintly 

staining band and two slower, dark staining bands did not differ among cultivars or 

temperamre treatments. All bands migrated anodally at this pH. 

Alcohol dehvdrogenase (ADH). E.C. 1.1.1.1. Zymograms revealed three NAD-specific 

isozyme bands. One of these bands exhibited quantitative differences in both Sodium-

borate (pH 8.0) and Lithium-borate (pH 8.3) buffer systems (Figure 3). The fast, faint 

and slower, dark staining bands did not differ among cultivars or temperature treatments. 

However, the slowest migrating band exhibited quantitative differences among different 

temperatures for Acala 1517-75, Paymaster 145, and Pima S-6. Staining intensities were 

greater (P<0.05) at 18°C than at 30°C for these cultivars. Zymograms of Deltapine 50, 

Stoneville 112, and Tamcot HQ 95 did not exhibit quantitative differences at either 

temperature. At 30°C, ADH activity was low or absent in the slowest migrating band for 

all cultivars. At 18°C activity was intense for Acala 1517-75, moderate for Paymaster 145 

and Pima S-6 and very low for Stoneville 112, DPL 50, and Tamcot HQ 95. All isozyme 

bands migrated anodally at these pH's. 

Amylase (AMY). E.C. 3.2.1.1. Zymograms exhibited two isozyme bands in a 

Lithium-borate (pH 8.3) buffer system (Figure 4). Isozymes were revealed as achromatic 

regions on a black background. A slow migrating band exhibited no differences among 

cultivars or temperatures. However, a fast smaller region differed in intensity among 

temperatures for all cultivars tested. At 30°C, enzymatic activity was higher than at 18°C. 

All isozyme bands migrated anodally at this pH. 
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Catalase (CAT). E.C. 1.11.1.6. Zymograms exhibited one broad isozyme band in a 

Tris-borate-EDTA (ph 8.0) buffer system (Figure 5). No differences were observed 

among cultivars or temperature treatments. All CAT bands migrated anodally at this pH. 

Isozymes were revealed as white bands on a black background. 

Esterase (EST). 3.1.11.-. Zymograms exhibited one dark staining band in a Tris-

citrate buffer (pH 6.5) system (Figure 6). Isozymes did not differ among cultivars or 

temperamre ti-eamients. All EST isozyme bands migrated anodally at this pH. 

Fructose 1.6-diphosphatase (FDP). E.C. 3.1.3.11. Zymograms exhibited two faint 

staining bands in a Tris-citric acid (pH 7.0) buffer system (Figure 7). Isozymes did not 

differ among cultivars or temperature treatments and all bands migrated anodally at this pH. 

Glucose-6-phosphate dehydrogenase (G6PDH). E.C. 1.1.1.49. Zymograms exhibited 

three NADP-specific isozyme bands in a Tris-citric acid (pH 7.0) buffer system (Figure 8). 

The two faster migrating bands did not differ among cultivars or temperature treatments. 

However, the slowest migrating band exhibited quantitative differences for Acala 1517-75, 

and Pima S-6. At 18°C, staining intensity was more intense than at 30°C. All G6PDH 

isozymes migrated anodally at this pH. 

Glutamate dehvdrogenase (GDH). E.C. 1.4.1.2. Zymograms exhibited two NAD-

specific isozyme bands in both Sodium-borate (pH 8.0) and Lithium-borate (pH 8.3) 

buffer systems (Figure 9). No differences were observed among cultivars or temperature 

treatments. All GDH isozymes migrated anodally at these pH's. 

Hexokinase (HEX). E.C. 2.7.1.1. Zymograms exhibited one broad, dark staining 

band in both L-histidine-citiic acid (pH 5.7) and Tris-citiic acid (pH 7.0) buffer systems 

(Figure 10). No differences were observed among cultivars or temperature tt-eatments. All 

bands migrated anodally at these pH's. 

Isocitrate dehvdrogenase (IDH). E.C. 1.1.1.42. Zymograms revealed three NADP-

specific isozyme bands in both Tris-citt-ate (pH 7.0) and Histidine-cifl-ate (pH 7.0) buffer 
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systems (Figure 11). A fast, faint and slower, dark staining band did not differ among 

cultivars or temperature treatments. However, the slowest migrating band exhibited 

quantitative differences with increased staining intensity evident at 18°C for Acala 1517-75, 

Paymaster 145, and Pima S-6. At this pH, IDH isozyme bands migrated anodally. 

Malate dehvdrogenase (MDH). EC 1 1 1^7, Zymograms exhibited four NAD-

specific isozyme bands in a Histidine-citt-ate (pH 5.7) buffer system (Figure 12). A faint, 

fast and a broad, slower heavily staining band did not differ among cultivars or temperature 

treatments. Quantitative differences were evident, however, among temperature tt-eatments 

for two slow, closely migrating bands for Acala 1517-75, Paymaster 145, and Pima S-6. 

Staining intensity was more intense for both of these bands at 18°C than at 30°C. 

Malic enzvme (ME). E.C. 1.1.1.40. Zymograms exhibited two NADP-specific 

isozyme bands in a L-histidine-citric acid (pH 5.7) buffer system (Figure 13). A fast 

migrating, broad, heavily stained band and a faint staining trailing band did not differ 

among cultivars or temperature treatments. All bands migrated anodally at this pH. 

Peroxidase (PER). E.C. 1.11.1.7. Zymograms exhibited three isozyme bands in both 

Histidine-citrate (pH 5.7) and Tris-citrate (pH 7.0) buffer systems (Figure 14). None of 

these bands differed among cultivars or temperature tteatments. All PER isozymes 

migrated anodally at these pH's. 

Phosphoglucomutase (PGM). E.C. 2.7.5.1. Zymograms consisted of only one broad, 

heavily stained band in a L-histidine-cittic acid (pH 5.7) buffer system (Figure 15). Other 

buffer systems gave unsatisfactory results in that bands were more faint or severely 

streaked. No quantitative differences were observed among cultivars or temperature 

treatments. All isozyme bands migrated anodally at this pH. 

6-Phosphogluconate dehydrogenase (6PGD). E.C. 1.1.1.44. Zymograms revealed 

three NADP-specific isozyme bands in a Tris-cittic acid (pH 7.0) buffer system (Figure 

16). 6-PGD isozymes were more difficult to visualize than other enzymes assayed because 
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the sharpness of the bands varied greatiy with different starch lots. Starch lots which 

provided good results for other enzymes were not satisfactory for 6-PGD because only 

broad stt-eaks were revealed. Lowering the pH of the buffer system increased staining 

intensity but more stt-eaking occurred. All 6-PGD isozyme bands migrated toward the 

anode with these buffer systems. No differences were evident in any bands at either 

temperature treatments or cultivars. 

Phosphoglucoseisomerase (PGI). E.C. 5.3.1.9. Zymograms revealed two NAD-

specific isozyme bands in a sodium -borate (pH 8.0) buffer system (Figure 17). The fast, 

dark and slow, faint staining bands did not differ among cultivars or temperature 

treatments. All PGI isozyme bands migrated anodally at this pH. 

Phosphorvlase (PPL). E.C. 2.4.1.1. Zymograms exhibited three isozyme bands in a 

Lithium-borate (pH 8.3) buffer system (Figure 18). Isozymes were revealed as light 

brown bands on a blue background. All bands migrated anodally at this pH and did not 

differ among cultivars or temperature tteatments. 

Shikimate dehydrogenase (SKDH). E.C. 1.1.1.25. Zymograms revealed two NADP-

specific isozyme bands in both Tris-citric acid (pH 7.0) and L-histidine-citric acid (pH 5.7) 

buffer systems (Figure 19). No differences were observed among cultivars or temperamre 

treatments for the fast, faint and slow, densely staining bands. All isozyme bands migrated 

anodally at these pH's. 

Succinate dehvdrogenase (SDH). E.C. 1.3.99.1. Zymograms exhibited two dark 

staining NAD-specific bands (Figure 20) in a L-histidine-cittic acid (pH 5.7) buffer 

system. Isozymes did not differ in any of the cultivars tested or temperature tteatments. 

All isozymes bands migrated anodally at this pH. 
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Figure 1. Acid phosphatase zymogram. Zymogram exhibitis one region of enzyme 
activity which did not differ (P<0.05) with temperature tteatments or cultivars. 
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Figure 2 . Aconitase zymogram. Zymogram exhibits three regions of enzyme activity 
which did not differ (P<0.05) with temperature tteatments or cultivars. 
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Figure 3. Alcohol dehydrogenase zymogram. Zymogram exhibits three regions of enzyme 
activity. Qualitative differences (P<0.05) were exhibited by some replications of Acala 
1517-75 for the two temperature tteatments in the slowest migrating band (lanes 1&2). 
Quantitative differences were exhibited by Acala 1517-75, Paymaster 145, and Pima S-6 
(lanes 3,4&5). Isozyme activity increased upon exposure to chilling temperatures. No 
differences were observed in Stoneville 112, DPL 50, or Tamcot HQ 95 for either 
frfatmpnt (lanes 6-10). treatment (lanes 6-10). 
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Figure 4. Amylase zymogram. Zymogram exhibits two regions of isozyme activity. The 
fastest migrating band increased quantitatively (P<0.05) in activity at 30°C for all 
cultivars. 
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Figure 5. Catalase zymogram. Zymogram exhibits one region of enzyme activity which 
did not differ (P<0.05) with temperature tteatments or cultivars. 
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Figure 6. Esterase zymogram. Zymogram exhibits one region of enzyme activity which 
did not differ (P<0.05) with temperature tteattnents or cultivars. 
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Figure 7. Fmctose 1,6-diphosphatase zymogram. Zymogram exhibits two regions of 
enzyme activity which did not differ (P<0.05) with temperature tteatments or cultivars. 
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Figure 8. Glucose-6-phosphate dehydrogenase zymogram. Zymogram exhibits 
quantitative differences for Acala 1517-75 and Pima S-6 in the slowest migrating band. 
Isozyme activity increased (P<0.05) at 18°C for these cultivars. 
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Figure 9. Glutamate dehydrogenase zymogram. Zymogram exhibits two regions of 
enzyme activity which did not differ (P<0.05) with temperature tteatments or cultivars. 
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Figure 10. Hexokinase zymogram. Zymogram exhibits one region of enzyme activity 
which did not differ (P<0.05) with temperature tteatments or cultivars. 
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Figure 11. Isocitrate dehydrogenase zymogram. Zymogram exhibits quantitative 
differences (P<0.05) at the slowest migrating band. Isozyme activity increased at 18°C for 
cultivars of Acala 1517-75, Paymaster 145, and Pima S-6. 
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Figure 12. Malate dehydrogenase zymogram. Zymogram exhibits quantitative differences 
(P<0.05) at the two slowest migrating bands. Isozyme activity increased at 18°C for Acala 
1517-75, Paymaster 145, and Pima S-6. 
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Figure 13 . Malic enzyme zymogram. Zymogram exhibits two regions of enzyme activity 
which did not differ (P<0.05) with temperature tteattnents or cultivars. 
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Figure 14 . Peroxidase zymogram. Zymogram exhibits three regions of enzyme activity 
which did not differ (P<0.05) with temperature tteatments or cultivars. 
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Figure 15. Phosphoglucomutase zymogram. Zymogram exhibits one region of enzyme 
activity which did not differ (P<0.05) with temperature tteatments or cultivars. 
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Figure 16. 6-Phosphogluconate dehydrogenase zymogram. Zymogram exhibits three 
regions of enzyme activity which did not differ (P<0.05) with temperature treatments or 
cultivars. 
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Figure 17. Phosphoglucoseisomerase zymogram. Zymogram exhibits two regions of 
enzyme activity which did not differ (P<0.05) with temperattire tteattnents or cultivars. 
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Figure 18. Phosphorylase zymogram. Zymogram exhibits three regions of enzyme 
activity which did not differ (P<0.05) with temperature tteatments or cultivars. 
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Figure 19. Shikimate dehydrogenase zymogram. Zymogram exhibits two regions of 
enzyme activity which did not differ (P<0.05) with temperamre tteattnents or cultivars. 
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Figure 20. Succinate dehydrogenase zymogram. Zymogram exhibits two regions of 
enzyme activity which did not differ (P<0.05) with temperattire tteattnents or cultivars. 
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CHAPTER V 

DISCUSSION 

Results of the root length study revealed that Acala 1517-75 germinated and grew more 

adequately at 18°C for six days (26.7 mm) than the other cultivars tested. Paymaster 145 

(25.7 mm) and Pima S-6 (23.8 mm) also performed better than Stoneville 112 (23.8 mm), 

DPL 50 (23.5 mm), and Tamcot HQ 95 (11.5 mm). At 30°C, Pima S-6 germinated and 

grew more rapidly (104.5 mm) than the other cultivars, with Acala 1517-75 (100.6 mm) 

and Paymaster 145 (100.6 mm) performing better than Stoneville 112 (98.8 mm), DPL 50 

(96.8 mm), and Tamcot HQ 95 (95.4 mm). Tamcot HQ 95, which germinated poorly at 

18°C, appears to have no tolerance to cold temperamres based on results from this seed lot. 

Acala 1517-75 did not perform better than two other cultivars (Paymaster 145 and Pima S-

6) at 30°C, and only slightly better than Stoneville 112. However at chilling temperatures, 

Acala 1517-75 was superior in performance. These results correspond well to the results 

of isozyme analysis which revealed that the five isozymes that exhibited changes between 

temperatures (ADH, AMY, G6PDH, IDH, and MDH) were all associated with Acala 1517-

75, Paymaster 145, and Pima S-6. Only a-amylase was associated with changes in all 

cultivars. Except for 3-amylase, no changes were detected in Stoneville 112, DPL 50, and 

Tamcot HQ 95, which could be significant due to their less vigorous germination and root 

growth at 18°C. 

During germination, a large amount of reserve material in the form of protein, fats, and 

starch are digested and mobilized for the nuttition of the growing seedling. Amylase which 

appears after the start of germination is synthesized de novo as a result of gibberellin 

action. The results of this research suggest that chilling temperatures decrease the rate of a-

amylase activity possibly by decreased protein synthesis, or by increasing the energy of 

activation or competitive inhibition. An alternative system for starch degradation is 
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phosphorylase, which exhibited no quantitative differences at 18°C or 30°C. Therefore, it 

is possible that the quantitative changes in one a-amylase isozyme are due to competitive 

inhibition which could occur when organic molecules are released through cracks in 

membranes during phase changes. These molecules could react with a site on the enzyme 

or substrate, causing a conformational change to inhibit a-amylase activity. Low activity at 

18°C could indicate that most of the enzyme was in the inactive state or could not overcome 

the energy of activation threshold due to cold temperatures. Isozymes of a-amylase have 

been shown to lose stability due to changes in pH and temperamre. 

The other enzymes which exhibited altered zymograms upon chilling (alcohol 

dehydrogenase, glucose-6-phosphate dehydrogenase, isocittate dehydrogenase, and malate 

dehydrogenase) exhibited increases in isozyme activity upon exposure to chilling 

temperatures suggesting possible substtate build-up. These increases may also be due to 

normal delayed development if these enzymes normally are synthesized early in 

germination and then decline later in germination, such as has been demonsttated with 

malate dehydrogenase. 

Alcohol dehydrogenase is usually found in germinating seeds and is necessary for 

anaerobic glycolysis until the seed coat is ruptured and oxygen diffusion occurs. It is also 

found early in germination and decreases as normal seedling development proceeds (40). 

Zymograms in previous studies on tomatoes (84) suggest ADH activity is influenced by 

temperamres. Results from this experiment are in agreement with these studies. Increased 

isozyme activity in one band at 18°C for Acala 1517-75, Paymaster 145, and Pima S-6 

could be a significant survival adaptation to cold temperatures similar to that of ADH 

activity in maize plants which survive inundation better if ADH isozymes are active at either 

of two loci. At 30°C, normal seedling development would cause a decrease in ADH 

activity at the slowest migrating band. 
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Glucose-6-phosphate dehydrogenase, with the coenzyme NADP, is responsible for 

oxidizing glucose-6- phosphate to 6-phosphogluconate in the pentose shunt pathway of 

respiration. Of the three isozyme bands present, the slowest migrating band exhibited an 

increase in activity at 18°C, suggesting the possible build-up of this isozyme or decreased 

substtate availability. Increased activity in the seedling could be due to a molecule which 

binds to the substtate and prevents substtate degradation without decreasing enzyme 

activity. 

Isocitrate dehydrogenase oxidizes isocittate to the keto acid oxalosuccinate in the Krebs 

cycle by ttansferring two electrons and two H-i- to NAD. The resulting NADH is 

reoxidized via the cytochrome system. The increase in activity of the slowest migrating of 

the three isozyme bands suggests a possible competitive inhibitor of this isozyme which 

prevents the oxidation of isocitrate and results in increased synthesis of isocittate 

dehydrogenase at this locus. 

Malate dehydrogenase exhibited quantitative differences for two slow migrating bands 

which increased in activity at 18°C. Since the reaction catalyzed by MDH is in an 

unfavorable equilibrium, there must be a rapid removal of oxaloacetate for the malate 

oxidation to proceed. If a slight pH increase is experienced during the course of malate 

oxidation, oxaloacetate formation is immediately triggered. Therefore, if the pH increases 

due to bicarbonate movement through damaged membranes, the fraction of O2 uptake 

appearing as oxaloacetate increases rapidly. This could in tum account for the increased 

activity of two of these isozyme bands to accommodate increases in oxaloacetate. NAD-

specific MDH forms also exist and should be examined in future smdies. 

Results indicated a sttong relationship between dehydrogenases and cold tolerance of 

cotton. It appears, however, that no one dehydrogenase is an exclusive indicator of the 

cold tolerance process. The regulation of changes in levels of various metabolic 

components (soluble carbohydrates, lipids, fatty acids, etc.) that are beUeved to be 
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associated with the development of cold tolerance involves protein synthesis and activation 

of many enzymes. The quantitative changes in 3-amylase and the dehydrogenases in cotton 

exposed to chilling temperatures may serve as a suitable indicator of the reactions (starch 

degradation, pentose phosphate conversion, and lipid and fatty acid metabolism) that 

provide end products required for tolerance of cotton to chilling temperatures. Since 

different enzymes in individual cultivars respond differentiy to chilling, one must first 

identify which enzymes respond to chilling temperatures to use isozyme zymograms to 

select for chilling tolerance. Although the mechanism of induction and time of initiation of 

the protein changes cannot be deduced from this experiment, it can be concluded that 

selected enzyme systems can be monitored effectively in future studies at different intervals 

during the tolerance process. The results of these experiments should make it possible to 

evaluate plants at the seedling or germination stage, using isozyme zymograms, and retain 

only desirable genotypes. 

As the isozyme linkage map expands, isozyme markers that are tightly linked to 

desirable ttaits (such as cold tolerance) may be discovered. Such an isozyme marker could 

then be used to detect the desirable gene in segregating F2 populations. In tomato, an acid 

phosphatase allozyme that is tightiy linked to a gene for nematode resistance has been 

discovered, allowing evaluation for nematode resistance to be done at an earlier stage and 

more efficientiy than can be done by exposure to the pathogen (58). Isozyme mapping 

may be more difficult in polyploids and cultivars with few morphological markers because 

for the efficient mapping of isozymes, variant allozymes at many loci must be available, 

which is probably not the case in inbred crops such as cotton. Inbred plant species and 

cultivars are usually monomorphic at nearly every locus over their entire geographic range. 

In some species, wide screening of germplasms may be necessary to locate such alleles and 

exotic cotton germplasms may provide the best source for locating deskable genes for the 

inttoduction of chilling tolerance in cotton. 
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Additional genetic studies are required for the establishment of isozymes as selection 

tools. Well-developed linkage maps that contain many useful morphological, disease 

resistance, and molecular markers should be identified to determine if closely linked 

isozyme markers can be used to locate chilling tolerance in cotton linkage groups. To 

increase isozyme variation and investigate linkages between isozyme loci and chilling 

tolerance genes, cultivars which are chill tolerant should be crossed with chill susceptible 

cultivars, preferably with those which have different alleles at many isozyme loci. The Fi 

progeny of tiieses crosses should be self pollinated and the F2 plants evaluated for isozyme 

loci similar to the original parents. If suitable markers were available, breeding populations 

could be evaluated under less expensive and time-consuming resttaints. At present, the 

location of those genes in the genome and useful linkages with marker loci have not been 

determined. 

This research was conducted using cmde tissue exttacts, thus future research could be 

improved by separating the cellular contents into fractions of mitochondria and other 

plastids from the cytoplasmic contents by differential or density gradient centrifugation. 

The same basic reaction may be catalyzed by a similar protein in the cytosol, glyoxysomes 

and chloroplast. Early in germination mitochondrial activity increases dramatically while 

the activity of glycolytic enzymes exhibit much smaller changes. Isozymes present in 

separate compartments are generally specified by different genes and they tend to be 

distinctive in their electtophoretic migrations and biochemical properties including kinetic 

parameters and inhibition by various metabolites (48). For instance, the enzyme catalyzing 

the same reaction in mitochondria and chloroplast often show different cofactor 

specificities: NAD for mitochondrial and NADP for chloroplast isozymes. Citrate 

synthetase activities also can be found in both mitochondria and microbodies and are 

chromatographically separable and distinctive in biochemical properties including their heat 
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stabilities (2). Therefore future studies should attempt to evaluate both NAD and NADP 

specific forms of enzymes. 

Future studies of this kind also may benefit from using seeds which are chilled only 

during the time of imbibition when RNA synthesis is developing. Using seeds at this time 

would also eliminate the problem of different developmental stages and isozyme differences 

would more likely be due to a ttaie response to chilling temperatures. Differences in seed 

quality can influence banding pattems. Qualitative differences have been observed for 

polyphenol oxidase banding between high and low quality seed samples of the same 

soybean cultivar. Tamcot HQ 95 in this experiment exhibited low germination percentages 

and was probably poor quality seed. No attempts were made to determine the quality of tiie 

seeds for any cultivar and future research should use material of as close to the same quality 

as possible. 

The development of cold tolerance in plants apparentiy proceeds in different stages that 

involve distinct changes in nittogen and carbohydrate metabolism (48). In the early stages 

of tolerance, the mobilization of reserves and conversion of complex compounds to 

simpler, low molecular weight forms is a prerequisite for the synthesis of other cellular 

components in later stages of tolerance. The rate at which these conversions occur may 

determine the extent of tolerance to cold temperatures (40,48). Differences in enzyme 

activity thus might be more easily revealed in the early stages of germination than later in 

seedling development. 

The complex pattem of enzyme expression can be regulated by regulatory loci at the 

transcriptional, post-transcriptional, translational, and post-translational levels via 

duplication, deletion, or regulatory modification (55). These different bands can result 

from action of specific modifier loci or differential levels of coenzyme binding or 

association with other metabolites. Modifier genes affect properties such as activity 

stability or electtophoretic mobility of enzymes, but are usually operationally distinguished 
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because the changes they affect are inherited in a dominant fashion. A few enzymes such 

as esterases have cellular functions flexible enough to permit allozymic variation to 

transcend normal limitations exhibiting differences usually seen only in isozymes specified 

by separate loci. Allozymes probably provide the major mechanism by which diploid 

plants can adapt to changes in the environment for variation can be generated relatively 

easily and responds directiy to selection pressures (82). 

Despite its relative instability, quantitative variation is still useful in studies of 

environmental stresses. Quantitative studies are more often performed using 

polyacrylamide electtophoresis which is more sensitive to small variations in the migration 

of molecules and may elucidate small differences which are not readily observed by starch 

gels. Close migration of bands could account for the broad, dense staining zone of activity 

which was present in almost all of the starch gels in this smdy. Varying the gel, buffer pH, 

and/or the gel pore size may allow the detection of this cryptic variability located within 

these regions. Polyacrylamide gel electrophoresis could be more useful in determining 

differences in broad, unresolved zones of activity. Such studies should provide additional 

information concerning the chain of events in the process of cold tolerance in cotton and a 

further understanding of the genetic regulation of those events. 
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Buffer Systems 

1. Tris-cittic acid pH 6.5 

Electrode: 
Tris 
Citric acid (monohydrate) 

Gel: 
Tris 
Citric acid (monohydrate) 

Adjust pH to 6.5 with sodium hydroxide 
Run at 50 MA 

Gel is 1:29 dilution of electtode 

2. Same as No. 1, but pH is adjusted to 7.0. 

3. Sodium-borate 
Electrode: 

Boric acid 
Adjust to pH 8.0 with NaOH 

Gel: 
Tris 

Tittate to pH 8.6 with citric acid 

4. Lithium-borate 

Electtode: Solution A: 
Lithium hydroxide 
Boric acid 
pH8.1 

Solution B: 
Tris 
Citric acid (monohydrate) 
pH8.4 

Gel buffer is 1 part A -i- 9 parts B 
Run at 300 V 

Molarity Amount per liter 

0.223 
0.086 

0.008 
0.003 

0.3 

0.076 

0.03 
0.19 

0.05 
0.008 

27.0 g 
18.07 g 

0.97 g 
0.63 g 

Molarity Amount per liter 

18.55 g 

9.2 g 

Molarity Amount per Uter 

1.2 g 
11.89 g 

6.2 g 
1.6 g 
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5. Tris-borate-EDTA Molarity Amount per liter 

Electrode: 
Tris 
Boric acid 
EDTA (disodium salt) 
pH8.0 

Gel buffer is 1:9 dilution of electtode 
Run at 50 MA 

0.5 
0.65 
0.02 

60.6 g 
40.0 g 
6.0 g 

6. L-Histidine-citric acid Molarity Amount per liter 

Electrode: 
Cittic acid (trisodium salt) 
Adjust pH to 5.7 with HCl 

Gel: (lOXConcenttate): 
L-Histidine - HCl 
Adjust pH to 5.7 with NaOH 
Dilute 1:9 for gel buffer 
Run at 50 MA 

7. Same as No. 6., but pH is adjusted to 7.0. 

0.41 

0.05 

105.8 g 

9.58 g 

Stain Recipes 

Acid phosphatase (ACP) 

50 mM Na acetate buffer, pH 5.5 
1 M MgCl2 
1% 6-Napthyl acid phosphate (in 50% acetone) 
Fast gamet GBC salt 

Aconitase (ACON) 

1.0 M Tris-HCl buffer, pH 8.5 
1% cis-Aconitate, pH 8.0 
1 M MgCl2 
Isocittate dehydrogenase 
1% NADP 
1%MTT 
1%PMS 

25 ml 
1ml 
3 ml 
100 mg 

25 ml 
2ml 
0.3 ml 
3 units 
0.5 ml 
0.5 ml 
0.2 ml 
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Alcohol dehydrogenase (ADH) 

0.2 M Tris-HCl buffer, pH 7.0 
95% ethanol 
1%NAD 
1%MTT 
1% PMS 

Amylase (AMY) 

0.5 M Na Acetate buffer, pH 5.6 
1.0MCaCl2 
(incubate for 1 hr., rinse, then add the following) 
0.1 Ml2 

1.14 MKI 

Catalase (CAT) 

0.1 M Phosphate buffer, pH 7.0 
3% H2O2 (Incubate for 5 min.; rinse with 
d H2O, then add the following) 
5 MKI 
acetic acid 
dH20 

Esterase (EST) 

0.1 M Phosphate buffer, pH 6.0 
1% 9-Napthyl acetate in acetone 
1% 6-Napthyl acetate in acetone 
Fast gamet GBC salt 

Fmctose-1,6-diphosphatase (FDP) 

0.5 M Tris-HCl buffer, pH 8.0 
MgCl2 
Fmctose-1,6-diphosphate, sodium salt 
Glucosephosphate isomerase 
Glucose-6-phosphate dehydrogenase (NAD) 
NAD 
MTT 
PMS 

Glucose-6-phosphate dehydrogenase (G6PDH) 

0.2 M Tris-HCl buffer, pH 8.0 
25% Glucose-6-phosphate, disodium salt 
1%NADP 
1%MTT 
1%PMS 

25 ml 
2.5 ml 
1ml 
0.5 ml 
0.2 ml 

100 ml 
2ml 

50 ml 
50 ml 

10 ml 
50 ml 

1ml 
1ml 
100 ml 

25 ml 
0.5 ml 
0.5 ml 
25 mg 

50 ml 
50 mg 
120 mg 
40 units 
40 units 
10 mg 
10 mg 
2mg 

25 ml 
1ml 
0.5 ml 
0.5 ml 
0.2 ml 
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Glutamate dehydrogenase (GDH) 

0.2 M Tris-HCl buffer, pH 8.0 25 ml 
10% L-Glutamic acid, monosodium salt 5 ml 
1% NAD 1 ml 
1% MTT 0.5 ml 
1%PMS 0.2 ml 

Hexokinase (HEX) 

0.2 M Tris-HCl buffer pH 8.0 25 ml 
1 M MgCl2 1 ml 
a-D-glucose 25 mg 
ATP 6mg 
EDTA, Na4 salt 10 mg 
G-6-PDH (10 units/ml) 1ml 
1% NAD 1 ml 
1% MTT 0.5 ml 
1% PMS 0.2 ml 

Isocittate dehydrogenase (IDH) 

0.2 M Tris-HCl buffer, pH 8.0 25 ml 
3% Isocittate 2 ml 
1 M MgCl2 1 ml 
1% NADP 0.5 ml 
1% MTT 0.5 ml 
1%PMS 0.2 ml 

Malate dehydrogenase (MDH) 

0.2 M Tris-HCl buffer, pH 8.0 25 ml 
2 MDL malate 5 ml 
1%NAD 1ml 
1% MTT 0.5 ml 
1%PMS 0.2 ml 

Malic enzyme (ME) 

0.2 M Tris-HCl buffer, pH 8.0 25 ml 
1 M MgCl2 0.5 ml 
2 MDL malate 2.5 ml 
1% NADP 0.5 ml 
1% MTT 0.5 ml 
1%PMS 0.2 ml 
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Peroxidase (PER) 

0.05 M Acetate buffer, pH 5.0 25 ml 
0.1MCaCl2 Ijnl 
13% 3-Amino-9-ethyl carbazole in 
dimethyl formamide 2 ml 

3% H2O2 1 ml 

Phosphoglucoseisomerase (PGI) 

0.2 M Tris-HCl buffer, pH 8.0 25 ml 
1 M MgCl2 1 ml 
2.5% Fmctose-6-phosphate 1 ml 
G6PDH (10 units/ml) 1ml 
1% NAD 1 ml 
1% MTT 0.5 ml 
1% PMS 0.2 ml 

Phosphoglucomutase (PGM) 
0.2 M Tris-HCl buffer, pH 8.0 25 ml 
5% a-D Glucose-1-phosphate 1 ml 
1 M MgCl2 1 ml 
G6PDH (10 units/ml) 1ml 
1% NAD 1 ml 
1% MTT 0.5 ml 

1%PMS 0.2 ml 

6-Phosphogluconate dehydrogenase (6PGDH) 

0.2 M Tris-HCl buffer, pH 8.0 25 ml 
1 M MgCl2 1 ml 
6-Phosphogluconate, barium salt 20 mg 
1%NADP 0.1ml 
1% MTT 0.5 ml 
1%PMS 0.1ml 

Phosphorylase (PPL) 

0.1 M Na Cittate buffer, pH 5.1 25 ml 
K2 Glucose-1-P 700 mg 
(incubate for 2 hrs., then add the following) 
1.0 MI2 100 mg 
1.4 MKI 100 mg 
Acetic acid 1 ml 
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Shikimate dehydrogenase (SKDH) 

0.2 M Tris-HCl buffer, pH 8.0 25 ml 
Shikimic acid 10 mg 
1% NADP 0.5 ml 
1% MTT 0.5 ml 
1%PMS 0.2 ml 

Succinate dehydrogenase (SDH) 

0.5 M Na phosphate buffer, pH 7.0 25 ml 
Na2 EDTA 400 mg 
Na Succinate 250 mg 
ATP Na2 50 mg 
NAD 70 mg 
1% MTT 0.5 ml 
1%PMS 0.2 ml 
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Acid phosphatase (band a) 

Smirefi D F ANOVA SS F VAI A IF PT? ^ F 
Entry 5 0.07805556 1.33 0.2627 
Rep(entty) 66 0.78833333 1.02 0 4725 
Temp 1 0.00027778 0.02 0.8782 
Entty*Temp 5 0.04472222 0.76 0.5806 

Test of hypotheses using the ANOVA MS for rep(entty) as an error term. 

Soyres DF ANOVA ss F VALUE PR>F 
Entry 5 0.07805556 1.31 0.2718 

Means with the same letter are not significantiy different. Alpha=0.05 

Entt̂ ^ 
Tamcot HQ 95 
DPL 50 
Stoneville 112 
Acala 1517-75 
Paymaster 145 
Pima S-6 

Aconitase (band a) 

Source DF 
Entry 5 
Rep(entry) 66 
Temp 1 
Entry*Temp 5 

Mean 
2.9833 a 
2.9583 a 
2.9333 a 
2.9250 a 
2.9250 a 
2.9167 a 

ANOVA SS 
0.00138889 
0.54500000 
0.00027778 
0.00805556 

F VALUE 
0.05 
1.47 
0.05 
0.29 

PR>F 
0.9985 
0.0613 
0.8249 
0.9191 

Test of hypotheses using the ANOVA MS for rep(entry) as an error term. 

Source DF ANOVA SS F VALUE PR>F 

Entty 5 0.00138889 0.03 0.9994 

Means with the same letter are not significantiy different. Alpha=0.05 

Entry 
Tamcot HQ 95 
Pima S-6 
Acala 1517-75 
Stoneville 112 
DPL 50 
Paymaster 145 

Mean 
1.9667 a 
1.9583 a 
1.9583 a 
1.9583 a 
1.9583 a 
1.9583 a 
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Aconitase (band b) 

Source 
Entty 5 
Rep(entry) 66 
Temp 1 
Entry*Temp 5 

DF ANOVA SS F VALUE PR>F 
0.01888889 
0.61666667 
0.01000000 
0.05333333 

0.40 
1.00 
1.07 
1.14 

0.8441 
0.5000 
0.3047 
0.3474 

Test of hypotheses using the ANOVA MS for rep(entty) as an error term. 

Source 
Entry 

DF ANOVA SS F VALUE PR>F 
5 0.01888889 0.03 0.9994 

Means with the same letter are not significantiy different. Alpha=0.05 

Entry 
Tamcot HQ 95 
DPL 50 
Pima S-6 
Acala 1517-75 
Paymaster 145 
Stoneville 112 

Mean 
2.9750 a 
2.9667 a 
2.9500 a 
2.9500 a 
2.9500 a 
2.9417 a 

Aconitase (band c) 

Source DF ANOVA SS F VALUE PR>F 
Entry 5 
Rep(entry) 66 
Temp 1 
Entry*Temp 5 

0.01888889 0.40 
0.61666667 1.00 
0.01000000 1.07 
0.05333333 1.14 

0.8441 
0.5000 
0.3047 
0.3474 

Test of hypotheses using the ANOVA MS for rep(entty) as an error term. 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 0.01888889 0.40 0.8441 

Means with the same letter are not significantiy different. Alpha=0.05 

Entry 
Tamcot HQ 95 
DPL 50 
Pima S-6 
Acala 1517-75 
Paymaster 145 
Stoneville 112 

Mean 
0.9750 a 
0.9667 a 
0.9500 a 
0.9500 a 
0.9500 a 
0.9417 a 
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Alcohol dehydrogenase (band a) 

SQttrce DF ANOVA SS F VALUE PR>F 
Entty 5 11.13888889 64.39 0.0001 
Rep(entty) 66 3.99000000 1.75 0.0124 
Temp 1 7.65444444 221.25 0.0001 
Entty*Temp 5 18.26222222 105.57 0.0001 

Test of hypotheses using the ANOVA MS for rep(entty) as an error term. 

SQUrcg DF ANOVA SS F VALUE PR>F 
Entty 5 11.13888889 36.85 0.0001 

Means with the same letter are not significantiy different. Alpha=0.05 

Entry 
DPL 50 
Tamcot HQ 95 
Stoneville 112 
Pima S-6 
Paymaster 145 
Acala 1517-75 

Mean 
1.9333 a 
1.9333 a 
1.9167 a 
1.7333 b 
1.7083 b 
1.1417 c 

Alcohol dehydrogenase (band b) 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 0.00222222 0.12 0.9866 
Rep(entty) 66 0.26333333 1.11 0.3329 
Temp 1 0.00000000 0.00 1.0000 
Entty*Temp 5 0.00333333 0.19 0.9670 

Test of hypotheses using the ANOVA MS for rep(entry) as an error term. 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 0.00222222 0.11 0.9895 

Means with the same letter are not significantiy different. Alpha=0.05 

Entry 
Acala 1517-75 
Paymaster 145 
Stoneville 112 
DPL 50 
Pima S-6 
Tamcot HQ 95 

Mean 
2.9833 a 
2.9833 a 
2.9833 a 
2.9833 a 
2.9750 a 
2.9750 a 
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Alcohol dehydrogenase (band c) 

Soures DF ANOVA SS FVATUE PR>F 
Entty 5 0.01138889 0.19 0 9669 
Rep(entty) 66 0.72833333 0.90 0.6634 
Temp 1 0.00027778 0.02 0.8808 
Entty*Temp 5 0.01138889 0.19 0.9669 

Test of hypotheses using the ANOVA MS for rep(entty) as an error term. 

SimrCfi DF ANOVA SS F VALUE PR>F 
Entty 5 0.01138889 0.21 0.9587 

Means with the same letter are not significantiy different. Alpha=0.05 

Entrv 
Tamcot HQ 95 
DPL 50 
Acala 1517-75 
Paymaster 145 
Pima S-6 
Stoneville 112 

Mean 
0.9917 a 
0.9833 a 
0.9750 a 
0.9750 a 
0.9667 a 
0.9667 a 

Amylase (band a) 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 0.02666667 0.30 0.9116 
Rep(entty) 66 1.20333333 1.02 0.4639 
Temp 1 0.02777778 1.56 0.2164 
Entty*Temp 5 0.03555556 0.40 0.8479 

Test of hypotheses using the ANOVA MS for rep(entry) as an error term. 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 0.02666667 0.29 0.9155 

Means with the same letter are not significantiy different. Alpha=0.05 

Entt^ 
Stoneville 112 
Tamcot HQ 95 
Paymaster 145 
Pima S-6 
Acala 1517-75 
DPL 50 

Mean 
2.0250 a 
2.9250 a 
2.9083 a 
2.9083 a 
2.8917 a 
2.8917 a 
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Amylase (band b) 

Sourefi DF ANOVA SS FVATUE PR>F 
Entty 5 0.07805556 1.33 0.2627 
Rep(entty) 66 0.78833333 1.02 0.4725 
Temp 1 36.2002777 3082.86 0.0 
Entty*Temp 5 0.04472222 0.76 0.5806 

Test of hypotheses using the ANOVA MS for rep(entty) as an error term. 

Spyrce DF ANOVA SS F VALUE PR>F 
Entty 5 0.07805556 1.31 0.2718 

Means with the same letter are not significantiy different. Alpha=0.05 

Entry Mean 
Tamcot HQ 95 1.4833 a 
DPL 50 1.4583 a 
Stoneville 112 1.4333 a 
Acala 1517-75 1.4250 a 
Paymaster 145 1.4250 a 
Pima S-6 1.4167 a 

Catalase (band a) 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 0.01888889 0.26 0.9310 
Rep(entty) 66 0.67000000 0.71 0.9164 
Temp 1 0.00444444 0.31 0.5790 
Entty*Temp 5 0.01222222 0.17 0.9724 

Test of hypotheses using the ANOVA MS for rep(entry) as an error term. 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 0.01888889 0.37 0.8660 

Means with the same letter are not significantiy different. Alpha=0.05 

Entrv 
Acala 1517-75 
Pima S-6 
Paymaster 145 
Stoneville 112 
DPL 50 
Tamcot HQ 95 

Mean 
2.9417 a 
2.9333 a 
2.9333 a 
2.9333 a 
2.9167 a 
2.9083 a 
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Esterase (band a) 

SfiUrCS DF ANOVA SS F VALUE PR>F 
Entty 5 0.00472222 0.17 0.9741 
Rep(entty) 66 0.44166667 1.18 0 2541 
Temp 1 0.00250000 0.44 0.5094 
Entty*Temp 5 0.00250000 0.09 0.9939 

Test of hypotheses using the ANOVA MS for rep(entty) as an error term. 

Soyrce DF ANOVA SS F VALUE PR>F 
Entty 5 0.00472222 0.14 0.9820 

Means with the same letter are not significantiy different. Alpha=0.05 

Entry 
Pima S-6 
Acala 1517-75 
Tamcot HQ 95 
Stoneville 112 
Paymaster 145 
DPL 50 

Mean 
2.9750 a 
2.9667 a 
2.9667 a 
2.9667 a 
2.9583 a 
2.9583 a 

Fmctose 1,6-diphosphatase (band a) 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 0.01666667 0.63 0.6785 
Rep(entty) 66 0.42333333 1.21 0.2209 
Temp 1 0.00444444 0.84 0.3633 
Entty*Temp 5 0.00555556 0.21 0.9573 

Test of hypotheses using the ANOVA MS for rep(entry) as an error term. 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 0.01666667 0.52 0.7605 

Means with the same letter are not significantiy different. Alpha=0.05 

Entry Mean 
Tamcot HQ 95 1.9833 a 
Acala 1517-75 1.9750 a 
Pima S-6 1.9667 a 
DPL 50 1.9667 a 
Paymaster 145 1.9583 a 
Stoneville 112 1.9500 a 
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Fmctose 1,6-diphosphatase (band b) 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 0.00222222 0.10 0.9922 
Rep(enQy) 66 0.24666667 0.82 0.7857 
Temp 1 0.00444444 0.98 0.3264 
Entty*Temp 5 0.01555556 0.68 0.6368 

Test of hypotheses using the ANOVA MS for rep(entry) as an error term. 

Source DF ANOVA SS F VALUE PR>F 

Entty 5 0.00222222 0.12 0.9878 

Means with the same letter are not significantiy different. Alpha=0.05 

Entry Mean 
Pima S-6 0.9833 a 
Tamcot HQ 95 0.9833 a 
Acala 1517-75 0.9750 a 
Stoneville 112 0.9750 a 
DPL 50 0.9750 a 
Paymaster 145 0.9750 a 

Glucose-6-phosphate dehydrogenase (band a) 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 6.86666667 106.64 0.0001 
Rep(entty) 66 0.92333333 1.09 0.3689 
Temp 1 4.41000000 342.42 0.0001 

Entty*Temp 5 8.06000000 125.17 0.0001 

Test of hypotheses using the ANOVA MS for rep(entty) as an error term. 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 6.86666667 98.17 0.0001 
Means with the same letter are not significantiy different. Alpha=0.05 

Entry 
Acala 1517-75 
Pima S-6 
DPL 50 
Tamcot HQ 95 
Stoneville 112 
Paymaster 145 

Mean 
2.4167 a 
2.3833 a 
1.9500 b 
1.9417 b 
1.9333 b 
1.9250 b 
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Glucose-6-phosphate dehydrogenase (band b) 

SQttrce DF ANOVA SS F VALUE PR>F 
Entty 5 0.03472222 0.34 0.8874 
Rep(entty) 66 1.29166667 0.96 0.5729 
Temp 1 0.08027778 3.92 0.0519 
Entty*Temp 5 0.02805556 0.27 0.9258 

Test of hypotheses using the ANOVA MS for rep(entty) as an error term. 

SmilCS DF ANOVA SS F VALUE PR>F 
Entty 5 0.03472222 0.35 0.8774 

Means with the same letter are not significantiy different. Alpha=0.05 

Entry 
Pima S-6 
Stoneville 112 
Tamcot HQ 95 
Acala 1517-75 
DPL 50 
Paymaster 145 

Mean 
2.9083 a 
2.9083 a 
2.9000 a 
2.8750 a 
2.8750 a 
2.8750 a 

Glucose-6-phosphate dehydrogenase (band c) 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 0.04250000 0.70 0.6255 
Rep(entty) 66 0.59500000 0.74 0.8857 
Temp 1 0.00027778 0.02 0.8803 
Entty *Temp 5 0.05805556 0.96 0.4513 

Test of hypotheses using the ANOVA MS for rep(entry) as an error term. 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 0.04250000 0.94 0.4593 

Means with the same letter are not significantiy different. Alpha=0.05 

Entry 
Pima S-6 
Stoneville 112 
Tamcot HQ 95 
Acala 1517-75 
DPL 50 
Paymaster 145 

Mean 
1.0000 a 
0.9917 a 
0.9917 a 
0.9750 a 
0.9667 a 
0.9500 a 
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Glutamate dehydrogenase (band a) 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 0.01222222 0.13 0.9845 
Rep(entty) 66 0.97000000 0.79 0.8259 
Temp 1 0.01000000 0.54 0.4652 
Entty*Temp 5 0.00666667 0.07 0.9962 

Test of hypotheses using the ANOVA MS for rep(entry) as an error term. 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 0.01222222 0.17 0.9741 

Means with the same letter are not significantiy different. Alpha=0.05 

Entry 
Acala 1517-75 
Pima S-6 
Stoneville 112 
Paymaster 145 
DPL 50 
Tamcot HQ 95 

Mean 
2.9250 a 
2.9167 a 
2.9167 a 
2.9083 a 
2.9000 a 
2.9000 a 

Glutamate dehydrogenase (band b) 

Source DF ANOVA SS FVAIJIR PR>F 
Entty 5 0.03222222 0.30 0.9093 
Rep(entty) 66 0.92333333 0.66 0.9543 
Temp 1 0.02777778 1.31 0.2572 
Entty*Temp 5 0.00888889 0.08 0.9946 

Test of hypotheses using the ANOVA MS for rep(entty) as an error term. 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 0.03222222 0.46 0.8041 

Means with the same letter are not significantiy different. Alpha=0.05 

Entt-v Mean 
Stoneville 112 2.9167 a 
Acala 1517-75 2.9083 a 
Pima S-6 2.9000 a 
DPL 50 2.8833 a 
Paymaster 145 2.8833 a 
Tamcot HQ 95 2.8750 a 
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Hexokinase (band a) 

SmiieS DF ANOVA SS FVATUE PR>F 
Entty 5 0.00472222 0.40 0 9989 
Rep(entty) 66 1.78166667 1.22 0 2064 
Temp 1 0.04694444 2.13 0 1492 
Entty*Temp 5 0.03805556 0.35 0.8835 

Test of hypotheses using the ANOVA MS for rep(entty) as an error term. 

SQUrcg DF ANOVA SS F VALUE PR>F 
Entty 5 0.00472222 0.03 0.9993 

Means with the same letter are not significantiy different. Alpha=0.05 

Entrv 
Paymaster 145 
Stoneville 112 
DPL 50 
Pima S-6 
Tamcot HQ 95 
Acala 1517-75 

Mean 
2.8917 a 
2.8917 a 
2.8833 a 
2.8833 a 
2.8833 a 
2.8750 a 

Isocittate dehydrogenase (band a) 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 8.27333333 94.14 0.0001 
Rep(entty) 66 1.04666667 0.90 0.6613 
Temp 1 9.40444444 535.08 0.0001 
Entty*Temp 5 9.43555556 107.37 0.0001 

Test of hypotheses using the ANOVA MS for rep(entry) as an error term. 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 8.27333333 104.34 0.0001 

Means with the same letter are not significantiy different. Alpha=0.05 

Entry 
Pima S-6 
Acala 1517-75 
Paymaster 145 
DPL 50 
Stoneville 112 
Tamcot HQ 95 

Mean 
2.4167 a 
2.3917 a 
2.3583 a 
1.9250 b 
1.9167 b 
1.8917 b 
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Isocittate dehydrogenase (band b) 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 0.00583333 0.16 0.9773 
Rep(entty) 66 0.51166667 1.04 0.4359 
Temp 1 0.00027778 0.04 0.8476 

Entty*Temp 5 0.00805556 0.22 0.9544 

Test of hypotheses using the ANOVA MS for rep(entry) as an error term. 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 0.00583333 0.15 0.9792 
Means with the same letter are not significantiy different. Alpha=0.05 

Entrv 
Paymaster 145 
Pima S-6 
Acala 1517-75 
Stoneville 112 
Tamcot HQ 95 
DPL 50 

Mean 
2.9583 a 
2.9583 a 
2.9583 a 
2.9583 a 
2.9500 a 
2.9417 a 

Isocittate dehydrogenase (band c) 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 0.03888889 0.55 0.7392 
Rep(entty) 66 0.90333333 0.96 0.5583 
Temp 1 0.00000000 0.00 1.0000 
Entty *Temp 5 0.06333333 0.89 0.4913 

Test of hypotheses using the ANOVA MS for rep(entty) as an error term. 

Source r)F ANOVA SS F VALUE PR>F 
Entty^ 5 0.03888889 057 07240 

Means with the same letter are not significantiy different. Alpha=0.05 

Entt-v Msmi 
Pima S-6 09833 a 
DPL 50 0.9750 a 
Tamcot HQ 95 0.9667 a 
Paymaster 145 0.9583 a 
Acala 1517-75 0.9500 a 
Stoneville 112 0.9333 a 
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Malate dehydrogenase (band a) 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 9.51916667 126.71 0.0001 
Rep(entty) 66 1.29833333 1.31 01381 
Temp 1 101336111 674.44 0.0001 
Entty*Temp 5 9.73472222 129.58 0.0001 

Test of hypotheses using the ANOVA MS for rep(entty) as an error term. 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 9.51916667 96.78 0.0001 

Means with the same letter are not significantiy different. Alpha=0.05 

Entry Mean 
Pima S-6 2.4250 a 
Acala 1517-75 2.4250 a 
Paymaster 145 2.4083 a 
DPL 50 1.9167 b 
Stoneville 112 1.9083 b 
Tamcot HQ 95 1.8917 b 

Malate dehydrogenase (band b) 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 7.57138889 226.28 0.0000 
Rep(entty) 66 0.47400000 1.08 0.3842 
Temp 1 9.30250000 1390.11 0.0000 
Entty*Temp 5 9.51583333 284.40 0.0000 

Test of hypotheses using the ANOVA MS for rep(entry) as an error term. 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 7.57138889 210.40 0.0001 

Means with the same letter are not significantiy different. Alpha=0.05 

Entty Mean 
Paymaster 145 2.4500 a 
Pima S-6 2.4417 a 
Acala 1517-75 2.4250 a 
Stoneville 112 1.9833 b 
DPL 50 1.9833 b 
Tamcot HQ 95 1.9750 b 
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Malate dehydrogenase (band c) 

Soures DF ANOVA SS FVATUE PR>F 
Entty 5 003805556 056 0.7324 
Rep(entty) 66 0.86166667 096 0.5728 
Temp 1 0.01361111 1.00 03219 
Entty*Temp 5 0.02472222 0.36 0.8727 

Test of hypotheses using the ANOVA MS for rep(entty) as an error term. 

Smires DF ANOVA SS F VALUE PR>F 
Entty 5 003805556 058 0.7129 

Means with the same letter are not significantiy different. Alpha=0.05 

Entrv 
DPL 50 
Tamcot HQ 95 
Stoneville 112 
Paymaster 145 
Pima S-6 
Acala 1517-75 

Mean 
2.9417 a 
2.9417 a 
2.9333 a 
2.9167 a 
2.9083 a 
2.9000 a 

Malate dehydrogenase (band d) 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 001888889 022 0.9506 
Rep(entty) 66 1.25666667 1.13 0.3078 
Temp 1 0.00111111 0.07 0.7980 
Entty*Temp 5 0.00888889 O i l 0.9907 

Test of hypotheses using the ANOVA MS for rep(entry) as an error term. 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 001888889 O20 O9620 

Means with the same letter are not significantiy different. Alpha=0.05 

Entrv 
Tamcot HQ 95 
Pima S-6 
Acala 1517-75 
DPL 50 
Paymaster 145 
Stoneville 112 

Mean 
0.9167 a 
0.9167 a 
O9083 a 
0.9083 a 
0.9000 a 
08833 a 
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Malic enzyme (band a) 

Source DF ANOVA SS F VALUE PR>F 
Entry 5 0.00888889 018 0.9676 
Rep(entty) 66 067000000 1.05 0.4182 
Temp 1 0.00000000 0.00 1.0000 
Entty*Temp 5 0.04333333 0.90 0.4875 

Test of hypotheses using the ANOVA MS for rep(entty) as an error term. 

Source DF ANOVA SS F VALUE PR>F 

Entty 5 0.00888889 018 0.9710 

Means with the same letter are not significantiy different. Alpha=0.05 

Entry Mean 
Tamcot HQ 95 0.9583 a 
Pima S-6 0.9500 a 
DPL 50 0.9500 a 
Paymaster 145 0.9500 a 
Acala 1517-75 0.9417 a 
Stoneville 112 0.9333 a 

Malic enzyme (band b) 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 001472222 018 09674 
Rep(entty) 66 1.16500000 1.11 0.3394 
Temp 1 0.00027778 O02 0.8954 
Entty*Temp 5 0.00805556 OlO 0.9916 

Test of hypotheses using the ANOVA MS for rep(entry) as an error term. 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 001472222 017 0.9739 

Means with the same letter are not significantiy different. Alpha=0.05 

Entt-v Mean 
Stoneville 112 2.9417 a 
Acala 1517-75 2.9250 a 
Pima S-6 2.9250 a 
DPL 50 2.9250 a 
Tamcot HQ 95 2.9167 a 
Paymaster 145 2.9083 a 
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Peroxidase (band a) 

Source 
Entty 5 
Rep(entry) 66 
Temp 1 
Entty*Temp 5 

DF ANOVA SS F VALUE PR>F 
0.02805556 
0.71833333 
0.00027778 
000805556 

051 
0.98 
0.03 
015 

0.7706 
0.5297 
0.8747 
O9808 

Test of hypotheses using the ANOVA MS for rep(entty) as an error term. 

Source DF 
Entry 

ANOVA SS F VALT IF PR >F 
002805556 052 07636 

Means with the same letter are not significantiy different. Alpha=0.05 

Entry 
Stoneville 112 
DPL 50 
Acala 1517-75 
Paymaster 145 
Tamcot HQ 95 
Pima S-6 

Mean 
2.9750 a 
2.9750 a 
2.9583 a 
2.9583 a 
2.9583 a 
2.9333 a 

Peroxidase (band b) 

Source DF ANOVA SS F VALUE PR>F 
Entry 5 
Rep(entry) 66 
Temp 1 
Entry*Temp 5 

0.03222222 0.32 
1.09666667 0.82 
0.00444444 0.22 
0.01888889 019 

0.9003 
0.7882 
O6410 
0.9667 

Test of hypotheses using the ANOVA MS for rep(entry) as an error term. 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 003222222 0.39 0.8554 

Means with the same letter are not significantiy different. Alpha=0.05 

Entry 
Stoneville 112 
Paymaster 145 
Tamcot HQ 95 
DPL 50 
Acala 1517-75 
Pima S-6 

Mean 
2.9417 a 
2.9333 a 
2.9333 a 
2.9167 a 
2.9083 a 
2.9000 a 
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Peroxidase (band c) 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 0.02138889 047 0.7997 
Rep(entty) 66 0.62500000 1.03 0.4476 
Temp 1 0.00027778 0.03 0.8623 
Entty*Temp 5 0.01472222 0.32 0.8985 

Test of hypotheses using the ANOVA MS for rep(entry) as an error term. 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 0.02138889 0.45 0.8105 

Means with the same letter are not significantiy different. Alpha=0.05 

Entrv 
Pima S-6 
Tamcot HQ 95 
Acala 1517-75 
Paymaster 145 
DPL 50 
Stoneville 112 

Mean 
0.9500 a 
0.9500 a 
09333 a 
0.9333 a 
0.9250 a 
0.9167 a 

Phosphoglucomutase (band a) 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 002472222 O30 0.9112 
Rep(entty) 66 1.18833333 1.09 0.3610 
Temp 1 0.02250000 1.36 0.2470 

Entty*Temp 5 0.02916667 035 0.8781 

Test of hypotheses using the ANOVA MS for rep(entty) as an error term. 

Source r)F ANOVA SS F VALUE PR>F 
E^t tT 5 0.02472222 027 09255 
Means with the same letter are not significantiy different. Alpha=0.05 

EnttT Mean 
Tamcot HQ 95 2.9333 a 
Stoneville 112 2.9250 a 
Paymaster 145 2.9250 a 
DPL 50 2.9167 a 
Pima S-6 2.9167 a 
Acala 1517-75 2.8917 a 
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6-Phosphogluconate dehydrogenase (band a) 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 003555556 063 0.6806 
Rep(enuy) 66 0.83000000 1.11 0.3409 
Temp 1 0.00444444 0.39 0.5339 
Entty*Temp 5 0.00555556 OlO 0.9922 

Test of hypotheses using the ANOVA MS for rep(entry) as an error term. 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 003555556 057 0.7261 

Means with the same letter are not significantiy different. Alpha=0.05 

Entry 
Pima S-6 
Acala 1517-75 
Stoneville 112 
DPL 50 
Tamcot HQ 95 
Paymaster 145 

Mean 
1.9583 a 
1.9333 a 
1.9333 a 
1.9333 a 
1.9167 a 
1.9083 a 

6-Phosphogluconate dehydrogenase (band b) 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 001916667 068 0.6396 
Rep(entty) 66 045833333 1.23 01984 
Temp 1 0.00027778 0.05 0.8249 
Entty*Temp 5 0.00805556 029 0.9191 

Test of hypotheses using the ANOVA MS for rep(entty) as an error term. 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 001916667 055 0.7362 

Means with the same letter are not significantiy different. Alpha=0.05 

Entt-y Mean 
DPL 50 2.9917 a 
Paymaster 145 2.9917 a 
Stoneville 112 2.9833 a 
Acala 1517-75 2.9750 a 
Tamcot HQ 95 2.9750 a 
Pima S-6 2.9583 a 
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6-Phosphogluconate dehydrogenase (band c) 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 001472222 O40 0.8467 
Rep(entty) 66 0.58500000 1.21 0.2242 
Temp 1 0.00027778 0.04 0.8464 
Entty*Temp 5 0.01472222 O40 0.8467 

Test of hypotheses using the ANOVA MS for rep(entty) as an error term. 

Soyres DF ANOVA ss F VALUE PR>F 
Entty 5 0.01472222 033 08917 

Means with the same letter are not significantiy different. Alpha=0.05 

Entt-v 
Pima S-6 
Acala 1517-75 
Paymaster 145 
Tamcot HQ 95 
DPL 50 
Stoneville 112 

Mean 
0.9667 a 
O9500 a 
0.9500 a 
0.9500 a 
09417 a 
09333 a 

Phosphoglucoseisomerase (band a) 

Source DF ANOVA SS F VALUE PR>F 

Entty 5 006805556 074 0.5981 
Rep(entiy) 66 1.07166667 0.88 0.6981 
Temp 1 0.00694444 0.38 0.5418 
Entty*Temp 5 003472222 0.38 0.8633 

Test of hypotheses using the ANOVA MS for rep(entry) as an error term. 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 006805556 084 0.5274 

Means with the same letter are not significantiy different. Alpha=0.05 

Entry 
DPL 50 
Stoneville 112 
Pima S-6 
Tamcot HQ 95 
Acala 1517-75 
Paymaster 145 

Mean 
1.9250 a 
1.9167 a 
1.9083 a 
1.8917 a 
1.8917 a 
1.8583 a 
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Phosphoglucoseisomerase (band b) 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 0.01666667 029 0.9142 
Rep(entty) 66 089333333 1.20 0.2341 
Temp 1 OOIOOOOOO 088 0.3506 
Entty*Temp 5 0.00333333 0.06 0.9976 

Test of hypotheses using the ANOVA MS for rep(entty) as an error term. 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 0.01666667 025 0.9402 

Means with the same letter are not significantiy different. Alpha=0.05 

Entry Mean 
Stoneville 112 2.9583 a 
Acala 1517-75 2.9500 a 
Pima S-6 2.9417 a 
DPL 50 2.9417 a 
Tamcot HQ 95 2.9333 a 
Paymaster 145 2.9250 a 

Phosphorylase (band a) 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 005222222 051 07673 
Rep(entty) 66 1.11666667 083 0.7786 
Temp 1 0.00444444 0.22 0.6427 
Entty*Temp 5 0.00555556 O05 0.9981 

Test of hypotheses using the ANOVA MS for rep(entty) as an error term. 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 005222222 0.62 0.6870 

Means with the same letter are not significantiy different. Alpha=0.05 

Entt-v 
Paymaster 145 
DPL 50 
Stoneville 112 
Acala 1517-75 
Tamcot HQ 95 
Pima S-6 

Mean 
2.9500 a 
2.9417 a 
2.9333 a 
2.9333 a 
2.9167 a 
2.8917 a 
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Phosphorylase (band b) 

SQyrcg DF ANOVA SS F VALUE PR>F 
Entty 5 005333333 056 0.7300 
Rep(entty) 66 1.29666667 1.03 0 4496 
Temp 1 0.00444444 0.23 0.6306 
Entty*Temp 5 0.01888889 0.20 0.9620 

Test of hypotheses using the ANOVA MS for rep(entty) as an error term. 

SfiUICS DF ANOVA SS F VALUE PR>F 
Entty 5 005333333 054 0.7431 

Means with the same letter are not significantiy different. Alpha=0.05 

Entty Mean 
Acala 1517-75 2.9083 a 
Paymaster 145 2.9083 a 
Stoneville 112 2.9083 a 
DPL 50 2.8917 a 
Tamcot HQ 95 2.8750 a 
Pima S-6 2.8583 a 

Phosphorylase (band c) 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 0.01138889 037 08646 
Rep(entty) 66 0.39500000 0.98 0.5270 
Temp 1 000027778 O05 0.8315 

Entiy*Temp 5 0.01805556 059 0.7050 

Test of hypotheses using the ANOVA MS for rep(entty) as an error term. 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 0.01138889 038 O8603 
Means with the same letter are not significantiy different. Alpha=0.05 

Entrv 
Pima S-6 
Tamcot HQ 95 
Acala 1517-75 
Paymaster 145 
DPL 50 
Stoneville 112 

Mean 
0.9750 a 
0.9750 a 
0.9667 a 
0.9667 a 
09583 a 
O9500 a 
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Shikimate dehydrogenase (band a) 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 0.00555556 013 0.9837 
Rep(entty) 66 0.49666667 0.91 0.6418 
Temp 1 0.00444444 0.54 0.4651 
Entty*Temp 5 0.01222222 0.30 0.9129 

Test of hypotheses using the ANOVA MS for rep(entry) as an error term. 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 000555556 015 0.9801 

Means with the same letter are not significantiy different. Alpha=0.05 

Entrv 
Stoneville 112 
DPL 50 
Tamcot HQ 95 
Acala 1517-75 
Paymaster 145 
Pima S-6 

Mean 
2.9667 a 
2.9667 a 
2.9667 a 
2.9583 a 
2.9583 a 
2.9500 a 

Shikimate dehydrogenase (band b) 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 0.02916667 0.61 0.6904 
Rep(entty) 66 1.24833333 1.99 0.0030 
Temp 1 0.00694444 0.73 0.3962 
Entty*Temp 5 0.02472222 0.52 0.7607 

Test of hypotheses using the ANOVA MS for rep(entty) as an error term. 

Source DF ANOVA SS F VALT IE PR>F 
Entty 5 002916667 031 0.9062 

Means with the same letter are not significantiy different. Alpha=0.05 

EnttA^ Mean 
Pima S-6 1.9583 a 
Paymaster 145 1.9583 a 
Acala 1517-75 1.9500 a 
Stoneville 112 1.9500 a 
DPL 50 1.9417 a 
Tamcot HQ 95 1.9167a 
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Succinate dehydrogenase (band a) 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 0.01333333 027 09297 
Rep(entty) 66 0.66666667 1.01 0.4838 
Temp 1 0.00000000 0.00 1.0000 
Entty*Temp 5 0.02000000 0.40 0.8471 

Test of hypotheses using the ANOVA MS for rep(entty) as an error term. 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 0.01333333 026 0.9311 

Means with the same letter are not significantiy different. Alpha=0.05 

Entry Mean 
Tamcot HQ 95 2.9417 a 
Pima S-6 2.9417 a 
Stoneville 112 2.9417 a 
Acala 1517-75 2.9333 a 
DPL 50 2.9250 a 
Paymaster 145 2.9167 a 

Succinate dehydrogenase (band b) 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 002250000 038 0.8629 
Rep(entty) 66 061500000 078 0.8422 
Temp 1 0.00250000 021 0.6488 
Entty*Temp 5 0.02916667 0.49 0.7838 

Test of hypotheses using the ANOVA MS for rep(entty) as an error term. 

Source DF ANOVA SS F VALUE PR>F 
Entty 5 0.02250000 0.48 0.7878 

Means with the same letter are not significantiy different. Alpha=0.05 

Entry 
Stoneville 112 
Tamcot HQ 95 
Acala 1517-75 
Pima S-6 
DPL 50 
Paymaster 145 

Mean 
2.9417 a 
2.9250 a 
2.9250 a 
2.9167 a 
2.9167 a 
2.9000 a 
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APPENDDC C 

ZYMOGRAMS 
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Figure 21. Photograph of an Alcohol dehydrogenase zymogram of Aacala 1517-75. 
Zymogram exhibits three regions of enzyme activity. Qualitative differences (P<0.05) 
were exhibited in the slowest migrating band (band a). Isozyme activity increased upon 
exposure to chilling temperatures. 
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Figure 22. Photograph of a Glucose-6-phosphate dehydrogenase zymogram of Pima S-6. 
Zymogram exhibits three regions of enzyme activity. Quantitative differences (P<0.05) 
were exhibited in the slowest migrating band (band a). Isozyme activity increased upon 
exposure to chilling temperatures. 
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Figure 23. Photograph of an Isocittate dehydrogenase zymogram of Pima S-6 
Zymogram exhibits three regions of enzyme acttvity Quantttative differences P̂ ^̂ ^̂ ^̂ ^̂  
were exhibited in the slowest migrating band (band a). Isozyme acttvity increased upon 

' posure to chilling temperatures. 
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Figure 24. Photograph of a Malate dehydrogenase zymogram of Acala 1517-75 
iiogram exhibits four regions of enzyme activity. Quantitative differences (P<U.05) 

v/ere exhibited in the two slowest migrating bands (band a and b). Isozyme acuvity 
i. /eased upon exposure to chilling temperatures. 
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