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ABSTRACT 

Bulbing onions (Allium cepa L.) are one of the widely consumed vegetables in the 

United States. They are consumed fresh in salads, dehydrated to produce chips and 

powder which are used to enhance flavor of processed foods, and stored to use during the 

off-season. The multiple uses of onions are dependent upon the composition of soluble 

solids which are an economically important quality factor for both growers and 

processors. 

Typically, soluble solids in onion are improved using traditional breeding 

techniques which dependent upon selection. Selection based upon the phenotype is 

laborious and time consuming. Molecular markers have provided a valuable tool to 

improve the pace of selection in breeding programs. One such marker that is suitable to 

assist in the selection process in breeding is random amplified polymorphic DNA 

(RAPD). 

The purpose of this study was to investigate the utility of RAPDs as markers to 

screen for soluble solids in onion. This goal was accomplished by comparing four DNA 

extraction protocols and by contrasting two DNA polymerases to generate reliable RAPD 

profiles. Suitable protocol and polymerase were selected and were then used to generate 

and compare RAPD markers in two pooled DNA bulks which comprised of low and high 

soluble solids. DNA polymorphisms are generated and used as markers to tag and 

identify economically important traits such as soluble solids in onions. The application 

of RAPDs play a vital role in developing soluble solids onion cultivars. 
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CHAPTER I 

LITERATURE REVIEW 

1.1 Importance of Onion 

Onions, native to Asia, belong to the family Alliaceae in which the bulbing onion 

Allium cepa L. is included. Bulb onions are the third most valuable vegetable in the 

United States after head lettuce {Letucia sativa L.) and tomato {Lycopersicon esculentum 

L.) (USDA 1993). Demand for onions has increased over the past 20 years. Ninety 

percent of the total demand for onions comes from retail consumers, food service 

industry, and processors including canners, freezers, soup makers, and fried-onion-ring 

makers whereas the other ten percent goes to the dehydrated onion industry (Love 1994). 

Major onion producing states include Texas, New Mexico, California, Arizona, Colorado, 

and Idaho which revenued $613.62 million (USDA 1993). Onion production in Texas 

returned $8100 millions to the state's agricultural revenue (TX Agric. Facts 1996). 

According to Love (1994) the U.S. exported about 8% of the domestic onion production 

which resulted in an export value averaging $132 million in 1991-93. During the same 

time period the U.S. imported onions as fresh, canned, dried seed sets, and pearls which 

yielded a total import value averaging $115 million. The study suggested a steady 

increase in yield and prices in onions toward the year 2000. Onion production is 

important not only in the U.S. but also worldwide. In 1989, China, India, Indonesia, and 

USSR led onion production by producing 11.3 million tons (Kalloo and Bergh 1993). 



Allium species are one of the most widely used culinary herbs of the world and 

have been recognized for their food and medicinal value. Many ethnic cultures utilize 

pungent onion bulbs to enhance the flavor of their food. Archaeological discoveries date 

onion culture to at least 2800 B.C. (Peirce 1987). Modem societies use onions raw in 

salads or with meats, cooked in soups and curries, dehydrated to use as seasoning, and 

frozen to combine with other foods (Love 1994). Allium leaves are rich in vitamin C 

(Peirce 1987). The medicinal value of onion to humans include anti-platelet, anti

microbial, anti-cancer, anti-diabetic properties and lowering lipid levels in the blood 

(Goldman 1996). 

1.2 Flavor of Onion 

The flavor of onion is a contribution of sulfur compounds and dry matter content 

(mostly nonstuctural water soluble carbohydrates). In Allium species, up to 80 different 

sulfur compounds have been identified and associated with the onion flavor (Randle and 

Bussard 1993) and have been categorized into four flavor precursor compounds (Randle 

1994). In the bulbing onion, (A. cepa L.) the flavor precursors present are methyl, propyl, 

and propenyl sulfoxide compounds, with the latter predominating (Lancaster et al. 1993). 

The fourth precursor, alyl cystine sulfoxide, is found in garlic {Allium sativum L.). The 

flavor precursors are compartmentalized in the vacuole. When the vacuoles are damaged, 

alliinase is released which hydrolyzes each of the precursors to produce pymvic acid, 

ammonia, and other sulfur compounds which are associated with flavor and aroma. 



The pymvic acid released upon cell damage is a stable compound that is useful to 

quantify pungency in onion (Mikitzel and Fellman 1994). Released ammonia and sulfur 

compounds are volatile, and therefore are limited in usefulness for pungency quantitation. 

The pungency level of onion is controlled by both genetic and environmental factors. 

Simon (1995) reported that pungency level is controlled by multiple genes. 

Environmental factors that influence the pungency level are high temperatures, low 

relative humidities, intensity of sunlight, nutritional level of the soil and water stress 

(Vavrina and Smittle 1993). 

Dry matter content, is another factor that contributes to the flavor of onion. Dry 

matter content is usually indirectly measured by percent soluble solids (%SS). According 

to Biryukov (1939), cited by Mann and Hoyle (1945), there is a high correlation (96%) 

between the dry matter content determined through dry weight basis and the percent 

soluble solids measured in the onion juice expressed from the outer fleshy scales of the 

bulb. Studies following Mann and Hoyle (1945) used soluble solids as an indicator of 

dry matter content because of the high correlation between the two components. 

1.3 Soluble Solids in Onion 

Soluble solids in onions are mostly glucose, fmctose, sucrose, and fmctan which 

are a series of fmctosyl polymers based on sucrose (Randle 1992). In^. cepa, the 

maximum degree of polymerization of fmctosyl is twelve (Henry and Darbyshire 1979). 

The chemical stmctures of glucose, fmctose, sucrose, and fmctan are shown in Figure 

1.1. In A. cepa, the monosaccharides, glucose and fmctose, comprise 38% of the total 



soluble solids whereas the disaccharide, sucrose, and the polysaccharide, fmctan, 

constitute the other 30 and 32 percent of the solids, respectively (Pollock 1986). 
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Figure 1.1. Chemical stmctures of soluble solids in onion (Dey and Dixon 1985) 



Sucrose is the principal sugar made during the Calvin cycle of photosynthesis. 

Glucose, fmctose, and fmctan are derivatives of sucrose. Glucose and fmctose are 

products of sucrose breakdown catalyzed by sucrose synthetase or invertase (Dey and 

Dixon 1985). Fructans are synthesized from sucrose involving fmctosyl transfer 

reactions (Figure 1.2). The enzymes sucrose:sucrose fmctosyltransferase (SST), 

fructan:fmctan fmctosyltransferase (FFT), and fmctan hydrolase are associated with 

fmctan metabolism. 

Soluble solids in^. cepa are important in order to categorize cultivars according 

to their use. Onions are consumed fresh, used in the dehydration industry, and stored to 

use during off-season. Freshly consumed onions with low soluble solids (< 8%) 

accumulate glucose, fmctose and sucrose as the principle sugars whereas the high solid (> 

20%) cultivars that are used in dehydration and storage have fructan as the main 

component (Randle 1994). Accumulation of glucose and fmctose contribute to the sweet 

or mild taste of onions which is an important quality factor of freshly consumed cultivars. 

High solids (> 20%) in bulbs are economically important in the onion dehydration 

industry because of the less time and energy requirement to produce onion chips and 

seasoning powder. High solids also prolong shelf life in storage onion cultivars by 

providing resistance to neck rot (Lin et al. 1993). Foskett and Peterson (1949) 

investigated the relationship between soluble solids and storage quality in onion varieties 

and noted the poor keeping quality associated with "low solids" cuhivars. High solids 

protect onion plants from adverse conditions by polymerizing and depolymerizing the 

sugars influencing the solute potential. High solute potential increases the turgidity of 



cells contributing to cold hardiness and bulb durability of mechanically harvested 

(Dey and Dixon 1985). 
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Several studies have investigated inheritance and heritability of soluble solids in 

onion. Soluble solids (as an indicator of the total dry matter) in dehydrator onion 

cultivars are reported to be govemed by the accumulation of relatively small number of 

gene pairs (Owens 1951). Crosses between 'Red Creole' and 'Calred' demonstrated that 

soluble solids are controlled by 4-10 pairs of genes and that inheritance is similar to that 

of a quantitative character (Warid 1952). 

Various studies have noted the high heritability of soluble solids in onion. Warid 

(1952) reported that the heritability of soluble solids was 71%-81% among greenhouse 

and field trials. McCollum (1968) confirmed the high (80%) heritability of the trait and 

noted negative correlation between solids and the bulb size. Kadams and Nwasikf (1986) 

studied the heritability and correlation of vegetative traits in onion and also reported 

heritability of soluble solids is 72%. 

Phenotypic selection of a polygenic trait such as soluble solids in onion is 

ambiguous due to various types of gene actions which include additive, dominance, 

epistatis, and overdominance. Lin et al. (1995) reported that soluble solids in onions are 

primarily determined by additive gene action with sporadic dominance effects. Other 

factors that limit the application of phenotypic selection to improve soluble solids in 

onion are the two year generation time required to produce bulbs, the outcrossing nature 

of ̂ . cepa and the severe inbreeding depression. 

Many of the complications of phenotypic selection can be mitigated through 

direct identification of genotype with molecular markers (Tingy and del Tufo 1993). In 

marker-assisted selection, the marker is tagged to a trait of interest. Osbome et al. (1987) 



identified and linked molecular markers to genes controlling soluble solids in tomato. 

Tanksley and Hewitt (1988) studied the usefulness of molecular markers in breeding 

tomato for soluble solids and stated the potential use of integrating markers to improve 

polygenic traits. The understanding of molecular markers that are associated with soluble 

solids in tomato can be use as a model to study molecular markers that are correlated to 

soluble solids in onion. 

1.4 Molecular Markers in Onion 

In^. cepa, two classes of molecular markers, isozymes and DNA-based 

polymorphisms, have been reported. Twelve isozyme loci have been reported in onion 

(Wilkie et al. 1993). Isozymes are suitable as genetic markers because they segregate as 

expected in Mendelian inheritance (Mangum and Peffley 1994). Several isozyme 

markers have been mapped to Allium chromosomes (Peffley and Currah 1988). However, 

the number of polymorphisms provided by isozymes are insufficient to use alone as 

markers to apply in breeding programs. 

Another class of molecular markers which are DNA- based assays that have been 

studied are restriction fragment length polymorphisms (RFLPs) and random amplified 

polymorphic DNA (RAPD). DNA-based assays are useful in marker-assisted selection 

because they provide more polymorphisms, show better resolution of allelic differences, 

are non-tissue specific compared to isozymes and have no environmental influence. 

Restriction fragment length polymorphisms are variations in the length of DNA 

fragments obtained by restriction endonuclease digestion coupled with DNA blot 



hybridization (Tingey and del Tufo 1993). In onion, RFLPs have been used to study 

phylogenetic relationships among cultivated species (Havey 1991): to confirm cytoplasm 

introgression into cultivars (Havey and Bark 1994); and to estimate similarities and 

relationships among populations (Bark and Havey 1995). Restriction fragment length 

polymorphisms require intense labor and involve radioactive / toxic chemicals which 

limits the usefulness in laboratories where radioactive chemicals are unavailable. 

Random amplified polymorphic DNA (RAPD) is another type of DNA-based 

assay which was developed by Williams et al. (1990). In the RAPD technique, DNA 

polymorphisms are produced using a single arbitrary primer that binds to the opposite 

strands of the genomic DNA template (Tingy et al. 1992). Compared to RFLPs, RAPDs 

are faster and easier to generate because of the fewer numbers of steps involved namely, 

extraction, amplification, and separation. The main advantages of RAPDs are the utility 

of universal primers (Williams et al. 1990) and DNA sequence information or radioactive 

chemicals are not required (Ragot and Hoisington 1993). Random amplified 

polymorphic DNA has been used in the genetic identification of short-day onion cultivars 

(Roxas and Peffley 1992); in the recognition of phylogenetic relationships among Allium 

species (Wilkie et al. 1993); and in the assessment of inbred integrity in bulb onions 

(Bradeen and Havey 1995). 

The purpose of the present study was to investigate the utility of RAPDs as 

markers to screen for percent soluble solids in onion. This objective was accomplished 

by optimizing reproducibility and repeatability of RAPD profiles in onion genomic DNA 

(Chapter II). The RAPDs obtained in the first portion of this research were examined 



using bulk segregant analysis and then correlated with soluble solids of the bulbs 

(Chapter III). The knowledge acquired through this investigation may play a pivotal role 

in the application of molecular markers in onion improvement programs which produce 

high soluble solids cultivars. 
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CHAPTER II 

COMPARISON OF DNA EXTRACTION METHODS AND DNA 

POLYMERASES TO OPTIMIZE RANDOM AMPLIFIED 

POLYMORPHIC DNA (RAPD) IN ONION 

2.1 Introduction 
Progress in crop variety improvement relies on a predictable assay of genotype. 

Until recently, phenotype has been used as the basis of selection. Phenotype is often 

confounded by quantitative inheritance, partial or incomplete dominance, and by gene x 

environment interaction (Tingey and del Tufo 1993). These factors can be ameliorated 

through direct identification of genotype with a DNA-based assay which represents only 

the genetic variation (Andersen and Fairbanks 1990). One such assay which has been 

derived from polymerase chain reaction (PCR) (Mullis and Faloona 1987) is random 

amplified polymorphic DNA (RAPD) (Williams et al. 1990). 

PCR is an in vitro procedure that enzymatically amplifies a target nucleotide 

sequence of up to several thousand base pairs through repeated replication by a 

polymerase (Micklos and Freyer 1990). A specific DNA sequence is amplified by 

composing a reaction mixture that goes through a number of multi-step PCR cycles. The 

standard PCR mixture contains a buffer, magnesium chloride, two oligonucleotide 

primers, deoxynucleotide triphosphates (dNTPs: an equal amount of dATP, dCTP, dGTP, 

and dTTP), and a thermostable DNA polymerase. A PCR cycle consists of three steps: 

(i) the denaturation of double stranderd DNA, (ii) the hybridization of each primer to the 
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separated DNA strand, and (iii) the extension of annealed primer by adding dNTPs using 

DNA polymerase. In each step different temperatures are used. Denaturation, primer 

hybridization, and extension are achieved at 94° to 98°C, 37° to 65°C. and 72°C, 

respecfively. The rapid transitions in temperature are accomplished using a thermal 

cycler and repeated PCR cycles yield an exponential accumulation of the desired DNA 

fragment. 

The RAPD technique is based on the amplification of genomic DNA under 

conditions similar to those used in standard PCR, except that a single, short (usually 10 

bases long) primer of arbitrary sequence is annealed to the DNA strand at low 

temperatures (Xu et al. 1995). Typically, the amplification reaction mixture contains 

MgCl2^ buffer (lOmM Tris-HCl and 50mM KCl), 10-mer primer, deoxyribonucleotide 

triphosphates (dNTPs), DNA polymerase and template DNA. Changes in the reaction 

mixture concentration can have a major impact on the amplification product. The MgCl2 

concentration has a significant effect on the specificity and yield of an amplification 

2+ 

product (Erlich et al. 1991). Excessive Mg ions result in the accumulation of non-
2+ 

specific amplification products whereas insufficient Mg ions reduce the yield. Changes 

in the buffer ion concentration two to three fold does not significantly affect the RAPD 

phenotype (Staub et al. 1996). Generally, primers that are used to produce RAPD are ten 

bases long and have a high (50-80%) C+G content. Ye et al. (1996) studied the potential 

of long primers (longer than 10 bases) with lower (29-55%) C+G content and observed 

that longer primers resulted in more polymorphisms compared to the short decamer 

primers. This study did not identify a specific reason for the observation but, suggested 
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that lower C+G content, increased primer length, or the combination of these two factors 

may have contributed to the increased number of polymorphisms. The dNTPs are the 

nucleotide source for primer elongation and are typically at a concentration of 200 \xM in 

the reaction mixture (Xu et al. 1995). Higher concentrations of dNTPs may tend to 

promote mis-incorporations in the elongating DNA strand (Erlich et al. 1991). In order to 

avoid enzyme inactivation due to high temperature in PCR cycles, a thermostable DNA 

polymerase is used. The Taq DNA polymerase, isolated from the thermophilic 

bacterium, Thermus aquaticus L., is the most commonly used enzyme in RAPD assay. A 

tmncated derivative of Taq polymerase (832 amino acids), Taq polymerase Stoffel 

fragment (544 amino acid translation product), has also been used in RAPD assay 

(Ronning et al. 1995; Sobral and Honeycutt 1993). 

The RAPD assay facilitates the rapid detection of extensive polymorphism by 

using a universal set of primers (Huen and Helentjaris 1993) to amplify DNA. Compared 

to RFLPs, the RAPD technique neither requires radioactive chemicals (Welsh and 

McClelland 1990) nor involves labor intensive steps (Bretting and Widriechner 1995). 

Therefore, the RAPD technique is more cost and time effective for studies requiring a 

smaller sample size (Ragot and Hoisington 1993). Because of the simplicity, rapidity, 

and cost effectiveness of the RAPD assay, it has been adopted in various crop 

improvement programs (Staub et al. 1996) including the constmction of genetic maps 

(Kesseli et al. 1994), tagging desirable traits for use in marker-assisted-selection 

(Michelmore et al. 1990), population studies (Yu and Pauls 1993), and phylogenetic 

applications (Wilkie et al. 1993). 
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Even though RAPD assay has been useful in crop improvement programs, the 

technique has been the subject of controversy because of inconsistent results. Changes in 

the tissue source, DNA extraction protocols, and PCR conditions can alter the 

reproducibility of the RAPD profile (Weeden et al. 1992). The RAPD assay is sensitive 

to changes in the reaction conditions and the banding patterns observed are DNA 

polymerase dependent (Xu et al. 1995). Limitations of RAPD technique are namely, the 

questionable reproducibility of some bands, the requirement of stringent standards for 

reaction conditions, co-migration of different amplification products, and the dominant 

inheritance of the profile (Ronning et al. 1995). Staub et al. (1996) studied the influence 

of tissue age, pathogen infestation, intrapopulation contamination, and PCR conditions as 

sources of potential errors in RAPD application and noted the necessity to optimize the 

above conditions in order to obtain reliable polymorphisms that are useful as genetic 

markers. 

In Allium, three independent studies have used of RAPD markers. Wilkie et al. 

(1993) assessed the variability among Allium species using the RAPD technique. This 

analysis confirmed the previous findings of species classification. Roxas and Peffley 

(1993) evaluated the varietal identity of 15 short-day Allium cepa cultivars using RAPD 

markers and observed a high degree of polymorphism with the markers among cultivars. 

These polymorphisms were used to evaluate genetic relationships among cultivars. 

Bradeen and Havey (1995) studied the inheritance of RAPD polymorphisms in two onion 

inbred lines. Four independently maintained, publicly released inbred lines were 

identified using the polymorphisms. Although, the above reports have identified and 
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used RAPD assays in Allium, the DNA extraction procedures and PCR amplification 

conditions used to obtain the profiles were not identical. Each of the above studies 

(Wilkie et al. 1993; Roxas and Peffley 1993; and Bradeen and Harvey 1995) modified the 

RAPD protocol described by Williams et al. (1990). 

The present research studied genomic DNA extraction method and type of DNA 

polymerase as potential sources to optimize the reproducibility and repeatability of 

RAPD profiles in ̂ . cepa, cultivar ' 1015Y'. The genomic DNA extraction is more time 

consuming and laborious than the other steps. In order to reduce the time and labor 

associated with genomic DNA extraction procedure, establishing a rapid and easy 

protocol is important. Establishing a rapid and easy protocol was accomplished by 

comparing four genomic DNA extraction protocols that were used at the Texas Tech 

University Onion Genetic Laboratory. The DNA polymerase is the most expensive 

reagent in the PCR mixture and therefore, finding an enzyme that can reduce the cost of 

generating reliable polymorphism is critical. Furthermore, the established protocol was 

then used to compare two commercially available DNA polymerases, Ampli Taq and 

Ampli Taq Stoffel fragment, in order to select the enzyme that generates the most 

reproducible and repeatable RAPD bands. 
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2.2 Materials and Methods 

2.2.1 Plant Material 

Plant material used was A. cepa TG1015Y (Asgrow Seed Company, MI). Seeds 

were sown into wooden flats containing 1:1 sand and soilless growing media (Metro mix 

702 Geo. J. Ball Inc.) at the Texas Tech University Horticultural Greenhouse in 

September 1993. When seedlings were 4 months old, they were transplanted to the field 

at the Texas Tech University farm, in Febmary 1994. 

2.2.2 Genomic DNA Extraction Protocols 

Four protocols were compared in order to study the costs associated with time 

each protocol needed to extract onion genomic DNA from each of 8 individuals and the 

quality of DNA isolated with each method. Figure 2.1 summarizes the steps of the 

protocols used to extract genomic DNA. 

2.2.2.I. Protocol #1 

Leaves were harvested from an individual plant, washed with sterile double 

distilled water, and air dried. Approximately 3.0-3.5 g of leaf tissue was weighed and 

stored at -20°C until use. 

The stored leaf sample was ground to a fine powder in liquid nitrogen using a 

sterile mortar and pestle. The powdered leaf tissue was transferred to a 50 ml centrifuge 

tube containing 10 ml of freshly prepared extraction buffer (Tai and Tanksley 1989). 
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Protocol #1 Protocol #2 Protocol #3 

Leaves are frozen in Leaves are frozen in Leaves are frozen in 
liquid N2 liquid N2 liquid N2 

Ground using 
mortar and pestle 

I 
Add extraction 
buffer (Tai and 
Tanksley 1989) 

Purification with 
PCI and CI 

1 
Precipitation in 3M 

NaOAc and 
isopropanol 

Resuspension in TE 
buffer 

Ground using 
mortar and pestle 

Add extraction 
buffer (Dellaporta et 

al. 1983) 

Purification with 
PCI and CI 

I 
Precipitation in 3M 

NaOAc and 
isopropanol 

1 
Resuspension in TE 

buffer 

Ground using 
mortar and pestle 

I 
Add cell lysis 

solution 

Protocol #4 

Fresh Leaves 

Ground in a bag 
with a glass bottle 

Add extraction 
buffer (Guillemaut 

and Marechal-
Drouard 1992) 

Protein Precipitation Precipitation in 
solution isopropanol 

Resuspension in Resuspension in TE 
DNA Hydration buffer 

solution 

Figure 2.1. The flow charts that summarize the steps of four protocols used to extract 
onion genomic DNA 

The extraction buffer reagents and their concentrations were 100 mM Tris-HCl pH 8.0, 

50 mM ethylenediaminetetraacetic acid (EDTA) pH 8.0, 500 mM NaCl and 1.25 sodium 

dodecylsulfate (SDS). Three hundred and eighty microliters of sodium bisulfite was 

added to 100 ml of the extraction buffer just prior to its use. The extraction buffer and 

the leaf tissue powder were blended together and the mixture was incubated in a 65°C 
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water bath for 2 hours. The centrifuge tube was then removed from the water bath and 5 

ml of 5 M potassium acetate was added. The tube was then incubated on ice for 1 hour 

and centrifiaged at 181,423.5 g at 4°C for 30 minutes. The supernatant was poured 

through a sterile two layer Miracloth into a new 50 ml centrifuge tube and 12 ml of 

isopropanol at -20°C was added and was incubated at -20°C overnight. 

The incubated mixture was centrifuged for 30 minutes at 290,277.5 g at 4°C and 

the liquid was carefully poured off. The DNA pellet on the centrifuge tube was washed 

with 70% ethanol at 4°C and air dried for 30 minutes. The pellet was resuspended in 500 

111 of lOmM Tris-lmM EDTA (TE) buffer pH 8.0 at 4°C. The DNA suspension was 

transferred to a 1.5 ml tube and centrifuged at 141,268.4 g at room temperature for 30 

minutes. The supernatant was transferred to a fresh 1.5 ml tube, 10 units (U) of 

ribonuclease (RNAse) A (10 mg/ml) was added to the tube and incubated for one hour at 

37°C. 

Five hundred microliters of phenol chloroform isoamylalcohol (PCI, 25:24:1) was 

then added to the DNA mixture. The tube was shaken briefly and centrifuged for ten 

minutes at 176,585 g at room temperature. The top aqueous phase was transferred to a 

new tube, and a similar extraction procedure was carried out using chloroform 

isoamylalcohol (CI, 24:1) 

One hundred microliters of 3 M sodium acetate pH 5.2 and 600 |il of isopropanol 

at -20°C were added to the removed aqueous phase. The solutions were mixed by 

inverting the tube several times. The tube was incubated for one hour at -20°C and 

centrifuged for 30 minutes at 176,585 g at room temperature. The liquid was poured off, 
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DNA pellet was washed with 70% ethanol at 4°C. and air dried for 30 minutes. The 

pellet was resuspended in 500 |LI1 of TE buffer at 4°C. The extracted DNA sample was 

stored at 4°C until use. 

2.2.2.2 Protocol #?. 

The leaves were harvested from an individual plant washed thoroughly with 

double-distilled water to remove dust and air dried. The leaf sample was weighed to 

obtain 500 mg, frozen in liquid nitrogen and then ground to a fine powder using a sterile 

mortar and pestle. The powder was transferred to a 50 ml centrifuge tube containing 10 

ml of extraction buffer (Dellaporta et al. 1983) which had a composition of 100 mM Tris-

HCl, 50 mM pH 8 EDTA pH 8.0. 500 mM NaCl, and 10 mM 2-mercaptoethanol. Two 

milliliters of 20% SDS was added to the tube and incubated for 30 minutes in a 65°C 

water bath. The tube was removed, 3 ml of 5M potassium acetate was added, mixed, and 

fiirther incubated on ice for 30 minutes. After incubation, the tube was centrifuged for 15 

minutes at 362,846.9 g at room temperature. The supernatant was poured through a 

sterile two layer Miracloth into a fresh 50 ml centrifuge tube. Twelve milliliters of 

isopropanol at -20°C was added to the clear supernatant and the mixture was incubated 

for one hour at -20°C. 

The mixture was centrifuged for 15 minutes at 362,846.9 g at room temperature 

and the supernatant was discarded leaving the DNA pellet in the centrifuge tube. The 

pellet was resuspended in 500 |il of TE buffer pH 8.0 . Ten U of RNAse A (10 mg/ml) 

was then added and the tube was incubated for one hour at 37°C. The DNA suspension 
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was centrifuged at 362,846.9 g at room temperattare for 15 minutes and was transferred to 

afresh 1.5 ml tube. 

Five hundred microliters of PCI was added to the DNA mixture. The tube was 

shaken and centrifuged for ten minutes at 176,585.5 g at room temperature. The top 

aqueous phase was then transferred to a new 1.5 ml tube. A similar extraction procedure 

was carried out using CI. 

Ten microliters of 3 M sodium acetate pH 5.2 and 600 fil of isopropanol -20°C 

were added to the removed aqueous phase. The solutions were mixed well by inverting 

the tube several times. Then the tube was incubated overnight at -20°C and was 

centriftiged for 30 minutes at 176.585.5 g at room temperature. The liquid was poured 

off, the DNA pellet washed with 70% ethanol at 4°C, and air dried for 30 minutes. The 

pellet was resuspended in 500 ^l of TE buffer. The DNA suspension was stored at 4°C 

until use. 

2.2.2.3. Protocol #3 

A plant tissue DNA isolation kit was purchased from Centra Systems Inc., 

Minneapolis, MN. The kit consists of cell lysate, RNAase, protein precipitation, and 

DNA hydration solutions. 

A leaf from an individual plant was har\ ested and wiped with a paper towel to 

remove dust particles. The leaf was frozen in liquid nitrogen and ground to a fine 

powder. Twenty milligrams of ground leaf powder was placed in a sterile 1.5 ml tube. 

Six hundred micro titers of cell h sis solution was added and the mixture was briefly 

24 



vortexed. The cell lysate was incubated for 30 minutes at 65°C. Three units of RNAase 

were mixed after the incubation period and the contents were mixed by inverting the tube 

25 times. The tube was incubated for 15 minutes at 37°C. Two hundred microliters of 

protein precipitate solution was added to RNAase treated cell lysate and centrifuged for 

three minutes at 229,561.2 g at room temperature. The supernatant was transferred to a 

fresh tube and mixed with 600 î l of isopropanol at -20°C. The solutions were mixed by 

inverting the tube gently and centrifuged for one minute at 229,561.2 g at room 

temperature. The supernatant was removed and 1 ml of 70% ethanol was added to wash 

the DNA pellet. The tube was inverted and drained off carefully to remove ethanol and 

the pellet was air dried for 15 minutes. One hundred microliters of the DNA hydration 

solution was mixed with the pellet and the tube was placed in a 65°C water bath for 1 

hour to resuspend the DNA. The extracted genomic DNA was stored at 4°C until use. 

2.2.2.4. Protocol #4 

This protocol was acquired from Dr. Russ McMaster (Asgrow Seeds, MI). 

Genomic DNA was extracted by harvesting fresh, newly-expanding leaves. Two-

hundred to three-hundred milligrams of leaf material was placed into the bottom of a 

sterile NASCO whirl-pak bag and grinding buffer was added. The reagents and their final 

concentrations in the buffer were 100 mM sodium acetate pH 4.8, 50 mM EDTA pH 8, 

500 mM sodium chloride, 2% 10,000 MW polyvinylpyrrolidone (PVP), and 1.4% SDS 

(Guillemaut and Marechal-Drouard 1992). To each milliliter of buffer, 6 U of RNAase T 

and 25 U of RNAase A were added. Six hundred microliters of grinding buffer with 
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ribonuclease were pipetted into each bag to wet the leaf sample. The bag was laid on a 

flat surface and the leaf tissue was dismpted by rolling a glass bottle firmh across the 

exterior of the bag until the contents had a consistency similar to applesauce. A 

macerated sample was worked to the bottom comer of the bag. The bag was cut and the 

sample was squeezed into a sterile 1.5 ml tube and was incubated for ten minutes at 65°C. 

Six hundred microliters of 10 M ammonium acetate was added to the incubated sample, 

thoroughly mixed, and then centrifuged for 10 minutes at 229,561.2 g at room 

temperature. The aqueous phase was transferred to a fresh sterile tube. Six hundred 

microliters of isopropanol at -20°C was added to the tube and the alcohol was mixed w ith 

liquid by gently inverting the tube several times. The sample was then chilled at -20°C 

for 10-20 minutes. DNA was hooked using a capillary pipette and transferred to a fresh 

tube containing 250 ml of TE buffer to make a suspension. The extracted DNA was 

stored at 4°C until use. 

2.2.3 Genomic DNA Quality Determination 

Quality of the extracted genomic DNA was determined in order to obtain DNA 

that is suitable to generate RAPDs. Fifteen microliters of the DNA/TE solution was 

mixed with 2 fil of loading buffer (0.25% bromophenol blue, 0.25% xylene cyanol FF, 

and 40% V w sucrose in water) and was loaded onto a 1.5% agarose (Life Technologies. 

MD) gel. EcoR I and Hind III digested lambda (k) DNA also was loaded onto the gel as 

the ladder. The gel was electrophoresed in 1 X TAE buffer ( 0.04 M Tris-acetate and 

0.001 M EDTA) for 1 hour at lOOV. The gel was stained with 3 |il of 0.5 |ig/ml 
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ethidium bromide in 100 ml of water and destained as necessary. DNA fragments were 

visualized with a transilluminator at 265 nm wave length and photographed using a 

Polaroid camera. DNA quality was observed according to the RNA contamination and 

genomic DNA shearing each method generated and ranked from 1 (high qualit\ DNA) to 

4 (low quality DNA). 

Ten microliters of the DNA / TE solution was diluted into 990 |nl of TE buffer in 

a Milton Roy rectangular 10 mm path length cuvette. The concentration of the 

suspension was quantified at OD260 following the procedure of Sambrook et al. (1989) 

using a Milton Roy Spectronic Genesys spectrophotometer in order to amplify DNA. 

2.2.4 DNA Amplification 

Genomic DNA (extracted according to 2.2.2.4) from an individual plant was 

amplified with either Ampli Taq DNA polymerase or with Ampli Taq Stoffel fragment 

using the same reagents except the corresponding reaction buffer. The concentrations of 

each amplification reagent followed that of Wilkie et al. (1993), with the exception of the 

primer concentration and the mineral oil overlay (Roxas and Peffley 1993). 

Amplifications were carried out in a 0.5 ml tube containing IX reaction buffer (10 mM 

Tris-HCl and 10 mM KCl at pH 8.3), 2 mM MgCl2, 200 |iM each of dATP, dCTP, dGTP, 

and dTTP (dNTPs), lU DNA polymerase (purchased from Perkin Elmer Co., Norwalk 

CT), 50 r|g of template DNA, and 2 |iM decamer primer. The primers screened were 

from kit OPA (Operon Technologies, Alameda CA). The reagents were aliquoted and 

mixed using fresh sterile pipette tips. Each amplification reaction mixture was adjusted 
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to a total volume of 50 |il with sterile double distilled water and overiaid with 50 |al of 

mineral oil. 

DNA amplifications were performed with a Perkin-Elmer DNA themial c\'cler 

(Perkin Elmer Co., Norwalk, CT) using the following cycling parameters: one cycle of 3 

minutes at 94°C denaturation period followed by 45 cycles of 1 minute at 94°C 

(denaturation), 2 minutes at 37°C (annealing), and 2 minutes at 72°C (extension), with 

the fastest available transitions (Wilkie et al. 1993). After the final cycle, samples were 

held at 4°C until the following day. 

2.2.5 Amplification Product Scoring and Analysis 

The PCR-amplified products were separated by agarose gel electrophoresis 

following Sambrook et al. (1989). A total volume of 15 \x\ amplified DNA plus 2 |LII 

loading buffer was loaded onto a 1% agarose (Life Technologies, Bethesda, MD) gel. 

Hae III digested pUC 18 (587-1 Ibp) was loaded onto the gel as a X DNA to identify the 

molecular size of a specific amplified DNA fragment. The gel was electrophoresed in 1X 

TAE buffer for 45 minutes at 30V of initial pulse period following 75 minutes at 50 V. 

The gel was stained and photographed as in Genomic DNA Quality Determination (2.3). 

Each amplification was repeated three times. The amplified product were 

identified by primer designation plus the estimated fragment size in base pairs (Villordon 

and LaBonte 1995). The PCR-amplification products were scored as + (band present) or 

as - (band absent) following Huen and Helentjaris (1993). When an amplified fragment 
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was present in at least two replications the product was recorded as a reproducible and a 

repeatable pattern. 

2.3 Results and Discussion 

This study compared four DNA extraction protocols and two DNA polymerases 

to optimize RAPD assay of onion (A. cepa L.). The four DNA extraction protocols were 

compared for the time each method required to extract onion genomic DNA per sample 

and the quality of DNA isolated using each method (Table 2.1). 

Table 2.1: Comparison study of the four protocols involving time each method required 
to extract genomic DNA per sample and the quality of DNA isolated using each method. 

Protocol #1 Protocol #2 Protocol #3 Protocol #4 

Time per Sample 48 hours 48 hours 1 hour 0.75 hours 

DNA Quality^*^ 4 3 1 2 

'̂̂ Ranking on a scale of 1 (high quality DNA) to 4 (low quality DNA) 

Protocol #1 (2.2.2.1) and Protocol #2 (2.2.2.2) took 48 hours to extract DNA from a 

single sample whereas Protocols #3 (2.2.2.3) and #4 (2.2.2.4) took 1 hour and 0.75 hours 

to isolate DNA from a sample, respectively. Protocol #1 resulted the highest RNA 

contamination when agarose gels were visualized under UV light. When DNA was 

extracted following Protocol #2 and was visualized under UV light smears were visible 

which indicated shearing of DNA. Protocol #3 extracted DNA with out RNA 

contamination or shearing and generated the highest quality DNA than other 3 methods. 
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When Protocol #4 was followed the DNA recovery was higher compared to protocols #1 

and #2 but, was lower than Protocol #3. However, the extraction procedure of Protocol 

#4 was faster than Protocol #3 and was easier to follow than the other three methods. 

Protocol #4 was rapid and easy to use and therefore, was selected to extract onion 

genomic DNA. 

Onion genomic DNA extracted following protocol #4 was used to compare the 

reliability of RAPD polymorphisms generated with Ampli Taq and the Ampli Taq Stoffel 

fragment. When extracted genomic DNA from 8 samples were amplified three times 

with the primer kit OPA (1-20) using Ampli Taq. none of the DNA samples generated 

repeatable and reproducible amplification products in two replications (Table 2.2). 

However, when the same samples were amplified three times with same primer kit using 

Ampli Taq Stoffel fragment, four primers generated 20 reliable amplified DNA fragments 

in two replications ranging from 500-200 bp in size (Table 2.2). This observation was 

similar to that of two other independent studies. In a genetic mapping of the Saccharum 

spontaneum L. study, Bmno et al. (1993) compared Ampli Taq and Ampli Taq Stoffel 

fragment used to generate PCR markers whereas Ronning et al. (1995) compared both 

enzymes to investigate inheritance of RAPD markers in Theobroma cacao L.. Both 

studies stated that the Ampli Taq Stoffel fragment produced more and smaller bands than 

the Ampli Taq when used in the amplification reactions. 

The Ampli Taq Stoffel fragment is a highly thermostable recombinant DNA 

polymerase that lacks the 289 N-terminal amino acids. It has a broad magnesium 

optimum, high thermal stability, and has no association with 3'-5' or 5'-3' exonuclease 
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Table 2.2: PCR products of 8 ^. cepa'\0\5Y' individuals whose genomic DNA was 
amplified three times using Ampli Taq (T) and Ampli Taq Stoffel fragment (S) 
separately. 

Individual 

PCR Product TS TS TS TS TS TS TS TS 

OPA-01400 -+ -+ -+ - + 

OPA-01 300 

OPA-13 400 -- -+ -+ -+ - + 

OPA-18 400 - - -+ - + 

OPA-18 300 -+ - + 

OPA-19 600 -+ 

OPA-19 500 -+ -- -+ -+ - + 

OPA-19 400 -+ -+ - + 

OPA = Primer Kit A Operon lechnology, CA 
+=amplification product present at least in two times of the three replications 
-=amplification product absent at least in two times of the three replications 

activity (Caetano-Anolles et al. 1992) and therefore, is more stable to variations in the 

PCR reaction conditions. When RAPD polymorphisms generated using Ampli Taq and 

Ampli Taq Stoffel were compared in Allium cepa L.. it was observed that the latter 

outperforms the former. However, the reason for increased banding output using the 

Ampli Taq Stoffel fragment is unknown (Bmno et al. 1993). Bassam et al. (1992) 

suggested that the Stoffel fragment is more tolerant to reaction conditions, more efficient 
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in the amplification of short products, and able to produce more informative DNA 

polymorphisms than native Ampli Taq. 

The objective of this study was to optimize the reproducibility and repeatability of 

RAPD bands in^. cepa,' 1015Y'. This objective was accomplished by comparing four 

onion genomic DNA extraction protocols that were available at the Texas Tech 

University Onion Genetic Laboratory in order to establish a protocol that is more time 

effective to isolate DNA from a sample. Furthermore, the established protocol was used 

to compare two commercially available DNA polymerases, Ampli Taq and Ampli Taq 

Stoffel Fragment to select the enzyme that generates reliable RAPD bands. 

The study reports that protocol #4 is more time and cost effective compared to the 

other three methods to extract onion genomic DNA. The quality of the extracted DNA is 

suitable for PCR to produce RAPD bands. The time required to extract DNA is less 

compared to all three protocols used in this study and is important when a larger number 

of DNA samples are assayed. Therefore, protocol #4 was established to extract onion 

genomic DNA. 

The choice of DNA polymerase has a significant effect on the quality, 

reproducibility, and complexity of RAPD banding pattems (Bassam et al. 1992). The 

Ampli Taq Stoffel fragment produced consistent and repeatable PCR amplification 

products suitable for use as RAPD bands in onion genomic DNA when compared to the 

Ampli Taq DNA polymerase. Therefore, Ampli Taq Stoffel fragment was selected as the 

preferred enzyme to generate PCR amplification products in onion geomic DNA. 
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CHAPTER III 

INVESTIGATION OF RAPD MARKERS CORRELATED 

TO SOLUBLE SOLIDS IN ONION 

3.1 Introduction 
The primary goal of plant breeding is to enhance crop species tlirough genetic 

improvement. Plant breeders have utilized markers that are associated with traits of 

interest in order to attain this goal. Markers not only facilitate the selection process but 

also provide the means to obtain genetic information of a crop species. 

Various types of markers have been identified and utilized in plant breeding 

programs, but every method demonstrates limitations in some applications. Of the 

markers that have been studied morphological markers are limited of use because so few 

markers are available and because many are represented in deleterious mutants that affect 

the plant phenotype. In addition, it is difficult to score multiple morphological mutant 

traits in a single segregation population (Kelly 1995). Cytological markers can be 

associated with deleterious effects and are difficult to analyze, resulting in limited use in 

breeding programs (Tanksley et al. 1989). The markers based on allelic variants of 

specific enzymes, known as isozymes, have no detectable phenotypic effects, but paucit> 

of such markers restricts their application in plant breeding (Dudley, 1993). 

In order to overcome the limitations of other types of markers, DNA-based 

molecular markers have been integrated into plant breeding programs in a \'ariety of 

economically important crops (Ragot and Hoisington 1993). The main advantages of 
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RAPDs obtained with PCR have been used for genetic mapping in plant breeding 

(Kesseh et al. 1992) and for DNA fingerprinting in population genetics (Williams et al. 

1990). Although the RAPD procedure is relati\ ely simple and rapid, its practical 

application to genetic studies of heterogeneous populations is still limited in cases where 

large numbers of individuals need to be examined (Kangfu and Pauls 1993). To 

overcome this limitation, Michelmore et al. (1991) described an application of RAPD 

markers termed bulked segregant analysis (BSA) in order to identify DNA markers that 

are linked to a trait of interest. The advantages of this technology are that the markers are 

targeted to a smaller region within the genome and the likelihood of identifying false 

positive markers is small (Delourme et al. 1994). In BSA, DNA from individuals of a 

segregating population which was origmated from a single cross of parents with distinct 

characters are pooled into bulks, the RAPD profiles are generated using PCR, and then 

are analyzed b} electrophoresis (Michehnore et al. 1991). In order to minimize variation 

which is not associated with the specific trait, the BSA technique uses up to 17 

individuals in each pool (Hormaza et al. 1994). BSA has been applied successfully to 

detect markers linked to economically-important traits in a variety of crops (Poulsen et al. 

1995). Specific studies applying BSA include Uromyces appendiculatis L. resistance in 

common bean (Haley et al. 1993). genetic relatedness among heterogeneous populations 

of Medicago sativa L. (Kangfu and Pauls 1993), factors controlling milling energy in 

Hordeum spontaneum L. (Chalmers et al. 1993), fertility restoration in Brassica napus L. 

(Delourme et al. 1994), sex determination in Pistacia vera L. (Hormaza et al. 1994). and 

identification of gene introgression in Malus spp. (Durham and Korban 1994), and to 
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identify RAPDs linked to mst resistance in Hordeum spontaneum L.(Poulsen et al 1995). 

These studies provide genetic information useful in cultivar identification as well as aid 

marker-assisted selection in plant breeding. 

Markers that are linked to economically-important traits are scarce in^. cepa L. 

Bulb coat color (Clarke et al. 1944), and anther color (Jones et al. 1944) are 

morphological markers that have been identified in onions, but linkage between these 

markers and economically-important traits have not been established (Peffley and Currah 

1988). Twelve isozyme loci have been identified and reported in onion but are 

inadequate to use in linkage studies (Wilkie et al. 1993). RFLPs are a valuable tool in 

linkage studies, however, extended time and intense labor required to complete the 

procedure and the costs associated with the technique limits the application. RAPD 

markers have been recently investigated in onion and have been primarily used for 

cultivar finger printing and identification (Wilkie et al. 1993; Roxas and Peffley, 1992: 

Bradeen and Havey, 1995). The objective of this study was to investigate RAPD markers 

that can be correlated to soluble solids in bulb onion {A. cepa L.) using BSA. The 

knowledge acquired through this investigation may play a cmcial role in the application 

of molecular markers to onion improvement programs which produce high soluble solid 

cultivars. 
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3.2 Materials and Methods 

3.2.1 Selection of Low and High Soluble Solids of a Population 

Plant material used ^as Allium cepa TG1015Y ( Asgrow Seed Company. MI). 

Seeds were sown at the Texas Tech University Horticultural greenhouse into wooden 

flats containing 1; 1 sand to soilless growing media (Metro-mix 702 Geo. J. Ball Inc.) in 

September 1993. When seedlings were 4 months old, they were transplanted to the 

Texas Tech University farm, Febmary 1994. Bulbs were harvested in June 1994. 

The outer, dry scales of a onion bulb were peeled and the top one-third was 

removed. The portion was placed on a weighing dish, cmshed with a pestle to extract 

liquid, and mixed to homogeneity (Joe Corgan NMSU, personal communication). 

Several drops of onion juice were expressed and dropped directly onto the prism of a 

Zeiss hand-held sugar refractometer and the reading was recorded as percent soluble 

solids (%SS) (Lin et al. 1995). 

The data were plotted on a histogram to visualize the solid distribution of the 

population. An equal number of samples were retained from both tails of the soluble 

solid distribution. Further, the data was tested for normality and for the selection points 

of the tails using the statistical analysis system (SAS) program (version 5). 
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3.2.2 Plant Material 

The retained bulbs were air-dried for 4 weeks until wounded surfaces were dried. 

They were replanted at random into a standard field bed at the Texas Tech Uni\ ersit\ 

farm in August 1994. Bulbs were marked as Rl - R57. During the winter of 1994 some 

bulbs were lost due to freezing temperatures and further damage occurred by rabbits 

eating succulent leaves in Spring 1995. Genomic DNA was extracted and quantified 

from all surviving bulbs. The initial 12 individuals of the surviving bulb population that 

produced leaves were named as the Preliminary Subset and used in primer screening. 

Genomic DNA extracted from the total surviving bulb population was used in bulked 

segregant analysis. 

3.2.3 Onion Genomic DNA Extraction and Quantitation 

Onion genomic DNA was extracted using protocol #4 (2.2.4) by harvesting fresh, 

newly-expanding tissue when 2-5 leaves were present. Two hundred to three hundred 

milligrams of leaf material were placed into the bottom of a sterile NASCO whirl-pak 

bag. A grinding buffer was used to dismpt the tissues. The reagents and their final 

concentrations in the buffer were 100 mM sodium acetate pH 4.8, 50 mM 

ethylenediaminetetraacetic acid (EDTA) pH 8, 500 mM sodium chloride, 2% 10,000 MW 

polyvinylpyrrolidone (PVP), and 1.4% sodium dodecylsulfate (SDS) (Guillemaut et al. 

1992); to each milliliter of buffer 6 U of ribonuclease T and 25 U of ribonuclease A were 

added. Six hundred microliters of grinding buffer with the ribonucleases were pipetted 

into each bag to wet the leaf sample. The bag was laid on a flat surface and the leaf tissue 
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was dismpted by rolling a glass bottle firmly across the exterior of the bag until the 

content was homogenized, approximately the consistenc\ of applesauce. A macerated 

sample was worked to the bottom comer of the bag. The bag was cut and the sample 

squeezed into a sterile 1.5 ml tube and was incubated at 65°C for 10 minutes. Six 

hundred microliters of 10 M ammonium acetate was added to the incubated sample, 

thoroughly mixed, and centrifuged at 229,561.2 g at room temperature for 10 minutes. 

The aqueous phase was transferred to a fresh sterile tube. Six hundred microliters of 

-20 C isopropanol were added to the tube and mixed with liquid by gently inverting the 

tube several times. The sample was chilled at -20°C for 10-20 minutes. DNA was 

hooked using a capillary pipette and transferred to a fresh tube containing 250 ml of Tris-

EDTA (TE) buffer (lOmM Tris and ImM ethylenediaminetetraacetic acid ) pH 8.0 to 

make a suspension. 

Ten microliters of the DNA / TE suspension was diluted into 990 ^1 of TE buffer 

in a Milton Roy rectangular 10 mm path length cuvette. The concentration of the 

suspension was quantified at OD260 following Sambrook et al. (1989) using a Milton Roy 

Spectronic Genesys spectrophotometer. 

3.2.4 Primer Screening 

The primary purpose of primer screening was to select primers that were to be 

used in bulked segregant analysis. DNA that was extracted and quantified from the 

Preliminary Subset (Table 3.1) was used in primer screening. 
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Table 3.1: Identity of plants comprise the Preliminary Subset 

Plant Number (R) 

14 19 22 25 27 29 32 33 34 36 39 42 

3.2.4.1 DNA Amplification 

The concentrations of each amplification reagent followed that of Wilkie et al. 

(1993), with the exception of the primer concentration and the mineral oil overlay (Roxas 

and Peffley 1993). Amplifications were carried out in a 0.5 ml tube containing IX 

Stoffel buffer (10 mM Tris-HCl and 10 mM KCl at pH 8.3), 2 mM MgCl2, 200 }iM each 

of dATP, dCTP, dGTP, and dTTP (dNTPs), lU DNA polymerase Stoffel fragment 

(Perkin Elmer Co., Norwalk, CT), 50 r|g of template DNA, and 2 |iM decamer primer. 

The primers screened were from kits OPA and OPE (Operon Technologies, Alameda, 

CA) and AP series (100 primers from Dr. Paul Jackson, Los Alamos National Laboratory, 

NM). The reagents were aliquoted and mixed using fresh sterile pipette tips. Each 

amplification reaction mixture was adjusted to a total volume of 50 |il with sterile double 

distilled water and overlaid with 50 ^l of mineral oil. 

DNA amplifications were performed with a Perkin-Elmer DNA thermal cycler 

(Perkin Elmer Co., CT) using the following cycling parameters: one cycle of 3 minutes at 

94°C denaturation period followed by 45 cycles of 1 minute at 94°C (denaturation), 2 

minutes at 37°C (annealing), and 2 minutes at 72°C (extension), with the fastest available 

transitions (Wilkie et al. 1993). After the final cycle, samples were held at 4°C until the 

following day. 
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3.2.4.2 Scoring of PCR Amplification Products 

The PCR amplification products were separated by agarose gel electrophoresis 

following Sambrook et al. (1989). A total volume of 15 îl amplified DNA plus 2 îl gel 

loading buffer ( 0.25% bromophenol blue, 0.25% xylene cyanol FF, and 40% v/w sucrose 

in water) was loaded onto a 1% agarose (Life Technologies, MD) gel. Hae III digested 

pUC 18 (587-1 Ibp) was loaded onto the gel as lambda (A,) DNA to identify the molecular 

size of a specific amplified DNA fragment. The gel was electrophoresed in IX TAE 

buffer ( 0.04 M Tris-acetate and 0.001 M EDTA) for 45 minutes at 30V of initial pulse 

period following 75 minutes at 50 V. The gel was stained with 3 îl of 0.5 |Lig/ml 

ethidium bromide in 100 ml of water and destained as necessary. DNA fragments were 

visualized with a transilluminator at 265 nm wavelength and photographed using a 

Polaroid camera. 

Each amplification product was identified by its primer designation plus the 

estimated fragment size in base pairs (Villordon and LaBonte 1995). The PCR 

amplification products were scored as + (band present) or as - (band absent) following 

Huen and Helentjaris (1993). 

3.2.5 Bulked Segregant Analysis 

After the DNA extraction and quantitation were completed (3.3) and the primers 

were established (3.4) bulked segregant analysis (BSA) was performed according to the 

following procedure (3.5.1). 
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3.2.5.1 Pooling Genomic DNA 

Extracted genomic DNA of the surviving bulb population was pooled into two 

bulks (Wight et al. 1994) based upon soluble solids (Table 3.2). 

Table 3.2: Identity of Allium cepa ' 1015Y' plants whose extracted genomic DNA that 
were pooled into bulks 

Plant Number (R) 

Low Bulk 14 17 19 22 25 26 29 30 31 32 33 34 42 

High Bulk 1 3 5 15 27 35 36 39 41 44 45 51 

DNA from plants with low (< 4.8%) solids were pooled into a bulk by mixing l)ag /fil 

from each sample and identified as the Low Bulk. The bulk was quantified at OD260 and 

diluted with sterile double distilled water (Woeste et al. 1996) to obtain a final 

concentration of 50 rig/|al. The same procedure was carried out for the plants with high 

(> 7.0%) solids and the pooled DNA bulk was called the High Bulk. 

3.2.5.2 Amplification- Scoring, and Analvsis of Bulks 

The Low and the High bulks were amplified separately using the same primers. 

Amplification of each bulk followed that of the DNA amplification except for the number 

of primers used. Two other primer kits OPD and OPR (Operon Technologies, Alameda, 

CA) were also used to screen the DNA samples. Each amplification was replicated 

thrice. The products were photographed, identified, and scored when an amplified 

fragment was consistent in at least two replications. The recorded pattems of the two 
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bulks were compared and the presence or the absence of a specific amplification product 

observed (Michelmore et al. 1991). 

3.3 Results and Discussion 

Soluble solids of 450 bulbs were determined and the data was plotted onto a 

histogram. The percent soluble solids (%SS) of the retained bulb population ranged from 

3.8-8.0% (Figure 3.1). 
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Figure 3.1. Percent soluble solid (%SS) distribution of the population. 

The mean %SS of the distribution was 5.7 with a standard deviation of 6.8 units. In order 

to have similar sample sizes from the both ends of the distribution, 28 low (< 4.8%) and 

29 high (> 7.0%) solid bulbs were retained from the lower and the upper tails, 

respectively. The %SS data was evaluated for normality with the Wilt Shapiro test 

(Appendix A) which gave a value of 0.94 indicating a normal distribution. The normal 
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distribution exhibits the behavior of natural phenomena and therefore the %SS data 

evaluated in this study came from a naturally occurring population. Figure 3.1 shows that 

the distribution was slightly skewed to the right, indicative of more samples with high 

(5.7-8.0) %SS range compared to those of the low (3.8-5.7) %SS range. This observation 

was similar to that of the frequency distribution of the soluble solids percentage reported 

by Warid (1952). The selection points of the upper and lower tails of the distribution 

were 1.88 and 1.32 standard deviation units apart from the mean, respectively, due to the 

rightward skewness. The 57 bulbs selected from the two tails were planted at the Texas 

Tech University farm (Table 3.3). 

Table 3.3: Identity of bulbs planted at the TTU farm in August 1994 with respective 
percent soluble solids (%SS). (*)-surviving bulbs 
Plant # 
Rl * 
R2 
R3* 
R4 
R5* 
R6 
R7 
R8 
R9 
RIO 
Rll 
R12 
R13 
R14* 
R15* 
R16 
R17* 
R18 
R19* 

%SS 
7.0 
4.8 
7.4 
4.8 
7.0 
7.0 
7.6 
7.0 
4.8 
7.2 
7.4 
4.8 
7.8 
4.8 
7.0 
8.0 
4.8 
7.0 
4.8 

Plant # 

R20 
R21 
R22* 
R23 
R24 
R25* 
R26* 
R27* 
R28 
R29* 
R30* 
R31* 
R32* 
R33* 
R34* 
R35* 
R36* 
R37 
R38 

%SS 
7.0 
4.8 
4.8 
7.0 
4.8 
4.6 
4.8 
7.2 
4.6 
4.8 
4.8 
4.6 
4.8 
4.8 
4.8 
7.4 
7.6 
4.8 
7.6 

Plant # 

R39* 
R40 
R41* 
R42* 
R43 
R44* 
R45* 
R46 
R47 
R48 
R49 
R50 
R51* 
R52 
R53 
R54 
R55 
R56 
R57 

%SS 
7.6 
4.8 
7.0 
4.8 
4.8 
8.0 
7.6 
7.2 
4.8 
4.6 
3.8 
7.6 
7.6 
7.8 
7.0 
4.6 
7.6 
4.8 
7.4 
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Thirty-two bulbs (60% of the population) were lost during the growing season. 

Factors contributing to the losses were an extended period of subzero temperatures during 

the winter and animal damage. Plants were covered with newspapers to minimize the 

freeze damage. The TTU farm is located next to an unimproved range area which harbors 

numerous kinds of wildlife among are cotton-tail rabbits and jackrabbits. They are 

prolific and feed on succulent leaves which were scarce in uncultivated area during the 

spring following the adverse winter. The emerging young leaves served as a feast for the 

hungry rabbit population. The fence surrounding the onion field was a minimum barrier 

for the rabbits who attacked the plot. The surviving bulbs are listed in Table 3.3. The 

primer screening was performed using the Preliminary Subset which comprised 9 low 

(<4.8%) and 3 high (>7.0%) solid plants (Table 3.4). Extracted genomic DNA from each 

plant of the Preliminary Subset was amplified separately with 140 random decamer 

primers from kits OPA, OPE, and AP series (Appendix B). The molecular size of the 

amplified DNA fragments ranged from 500 bp to 200 bp (Figure 3.2). The smaller 

fragment size was consistent with other reports which had used Ampli Taq Stoffel 

fragment in RAPD assay (Sobral and Honeycutt, 1993; Villordon and LaBonte, 1995). 

Amplified DNA fragments using 62 primers (44.3%) were not scorable (either were 

absent or were associated with indistinctive smears) and therefore were scored as 

negative (-). Seventy-eight primers (55.7%) produced at least one scorable PCR 

amplification product (Appendix B) with the Preliminary Subset and were selected to 

amplify pooled genomic DNA bulks. 
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Table 3.4: Identity of plants that comprise the Preliminary Subset with respective 
percent soluble solid (%SS) value 

Plant # 

R14 

R19 

R22 

R25 

R29 

R32 

R33 

R34 

R42 

Low Solids 

%SS 

4.8 

4.8 

4.8 

4.6 

4.8 

4.8 

4.8 

4.8 

4.8 

Plant # 

R27 

R36 

R39 

High Solids 

%SS 

7.2 

7.6 

7.6 

600 bp 

200 bp 

Lane 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Figure 3.2. The molecular size range of the amplified DNA fragments which were 
generated by primer AP 82 (5'TGAGGTGTAA3'). Hae III digested pUC 18 was used as 
ladder (Lane 1) to identify the molecular size. The order of the samples (Lanes 3-14) 
from left to right is identical to that of the entties listed in Table 3.1. 
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The selected 78 primers and primer kits OPD and OPR were used to amplify each 

Low and High DNA bulks three times. Of the 78 primers used, 15 primers (Table 3.5) 

generated 17 consistent PCR amplification products, seven were unique to the Low bulk 

and the other ten were detected only in the High bulk (Table 3.6). Primer OPE 17 

(CTACTGCCGT) generated PCR amplification products with both bulks, OPE-17 500 

bp fragment with the Low Bulk and OPE-17 400 fragment with the High Bulk (Table 

3.6). 

Table 3.5: Nucleotide sequences of random primers that generated PCR amplification 
products consistently, in at least two replications. 

Primer 

AP79 

OPE 03 

OPE 08 

OPE 09 

OPE 10 

OPE 14 

Low Solids 

Sequence (5'-3') 

TAGCGAGACG 

CCAGATGCAC 

TCACCACGGT 

CTTCACCCGA 

CACCAGGTAG 

TGCGGCTGAG 

Primer 

AP54 

OPD 14 

OPE 01 

OPE 05 

OPE 06 

OPE 11 

OPE 17 

OPE 19 

OPE 20 

High Solids 

Sequence (5'-3') 

GATGCTGTGG 

CTTCCCCAAG 

CCCAAGGTCC 

TCAGGGAGGT 

AAGACCCCTC 

GAGTCTCAGG 

CTACTGCCGT 

ACGGCGTATG 

AACGGTGACC 

The PCR products of the low and the high bulks were compared with the 

respective individuals of the Preliminary Subset in order to detect common amplified 
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fragments. The low bulk and the low solid individuals (of the Preliminary Subset) did 

not generate common amplification products. However, the high bulk and the high solid 

individuals shared one common amplified product which was identified as OPE 06-400 

(Figures 3.3 and 3.4). 

Table 3.6: Identity of the PCR amplification products in Low and High bulks 
of Allium cepa '1015Y'. 

PCR Amplification Product 

Low Bulk High Bulk 

AP-79 300 

OPE-03 300 

OPE-08 300 

OPE-09 300 

OPE-10 400 

OPE-14 600 

OPE-17 500 

AP-54 200 

OPD-14 300 

OPE-01 300 

OPE-05 500 

OPE-06 400 

OPE-11 300 

OPE-17 300 

OPE-17 400 

OPE-19 300 

OPE-20 300 
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Lane 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

400 bp 

400 bp 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Lane 
Figure 3.3. The visualization of PCR amplification products of the high bulk generated 
by primer kit OPE. Hae III digested pUC 18 used as ladder (Top and Bottom Lane 2). 
The Top lanes (4-13) show the amplification products of OPE primers 1-10 where as the 
Bottom lanes (4-13) represent primers 11-20. 
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Lane 

400 bp 

Bottom 

400 bp 

1 2 3 4 5 
t t 

6 7 8 9 10 11 12 13 14 
Lane 

Figure 3.4. The PCR amplification products of the individuals that comprise the 
Preliminary Subset generated by primer OPE 06. Ladder (same as 3a) was loaded into 
lanes 1 (Top) and 14 (Bottom). The amplification products of the high solid individuals 
(Table 5) pertaining to this study (Chapter III) are shown in lanes 11 (Top), 7 (Bottom), 
and in lane 9 (Bottom). 
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RAPD markers have been recently investigated in onion: however, they have been 

primarily used for cuhivar fingerprinting and identification (Wilkie et al. 1993; Roxas 

and Peffley 1992; Bradeen and Havey 1995). In bulb onion, this study was the first to 

identify a RAPD marker correlated with an economically important trait (soluble solids). 

The bulked segregant analysis (Michelmore et al. 1991) has been used as a 

versatile tool for identifying markers that are linked to genes of interest (Haley et al. 

1993, Delourme et al. 1994, Poulsen et al. 1995). This study pursued a similar approach 

except that the marker was correlated to soluble solids in onion instead of linkage. In 

BSA, the pooling strategy of DNA is based upon the phenotype, genotype, or pooling 

individuals at either extreme of the segregating population (Tingy et al. 1992). This 

study selected individuals from each extreme of the percent solids distribution (%SS). 

The number of individuals used in each bulk can be as few as 3-4 (Kesseli et al. 1992) or 

can be as high as 17 (Hormaza et al. 1994). This study used extracted genomic DNA of 

13 and 12 individuals pooled into Low and High bulks respectively and therefore, 

represent the bulks adequately. In other BSA applications, the number of primers used to 

generate amplification products ranged from 22 (Kangfu and Pauls 1993) to 700 

(Hormaza et al. 1994). This study used 118 primers to amplify bulks. 

Of the 118 primers used, primer OPE -06 (5'-AAGACCCCTC-3') generated PCR 

amplification product OPE-06 400 in all three high solid individuals of the Preliminary 

Subset and in the High Bulk, but the product was absent in the low solid individuals of 

the Preliminary Subset and the Low Bulk. This observation suggests that a RAPD 

marker exist for onion cultivar ' 1015Y' and the marker can be identified with high 
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soluble solids. RAPDs generated with BSA can target multiple loci of a highly heritable 

quantitative trait if the numbers of loci that contribute to the trait are few (Kesseli et al. 

1992). Various studies noted the high heritability of soluble solids in onion (1.3) and 

Warid (1952) has suggested that soluble solids in onion are govemed by four to ten pairs 

of genes which demonstrate quantitative inheritance. The present study identified one 

RAPD marker generated with BSA that has targeted a single region of the genome. Since 

the marker was present in all high solids individuals of the Preliminary Subset and in 

High Bulk, the marker can be associated with high soluble solids in onion. 

High soluble solids in bulbing onion improve bulb durability of mechanically 

harvested cultivars, provide resistance to neck rot, reduce the energy costs and time 

associated with dehydration, and prolong shelf life in storage type onion varieties. 

Because of these quality factors high soluble solids in bulbing onion is an economically 

important trait to both growers and processors. 

Soluble solids in onions are improved using traditional breeding techniques which 

depend on selection. Two onion breeding techniques that use selection are recurrent 

selection and Fj hybrid production. The main objective of recurrent selection is to 

increase the frequency of favorable genes of a quantitatively inherited trait by repeating 

the cycles of selection. In onion improvement programs this objective is accomplished 

by repeating inbreeding and selection cycles. Fi hybrids are produced by establishing 

inberd lines and then crossing two inbred lines to have a progeny to select for superior 

performance. The recurrent selection and Fj hybrids require continuous selection in order 

to improve a desirable trait. 
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Continuous selection in onion improvement programs are time consuming and 

laborious because of the two-year generation time required to complete the life cycle, out 

breeding nature of Alliums, and the inbreeding depression when the umbels are selfed. In 

order to accelerate the pace of selection molecular markers which can be scored at any 

time of the plant development stage provide a valuable tool. One such molecular marker 

that is suitable to assist selection is RAPDs. 

This study identified one RAPD marker that was correlated to soluble solids in the 

bulbing onion. The study suggests as a future goal to identify the number of gene pairs 

associated with soluble solids in onion. The number of genes associated with soluble 

solids may have an impact on coding for fmctan synthesis enzymes (SST, FFT, and 

sucrose hydrolase). Little is known about the fmctan synthesis in Allium cepa L., but 

finding the number of genes associate with the trait and understanding the function of 

these genes may provide valuable information to improve soluble solids in onion. 

Identifying the number of genes associated with soluble solids also important to find 

more RAPD markers that can be correlated to the trait. Other RAPD markers can be 

generated by using more primers. This study was the first to use RAPD markers that can 

be correlated to an economically-important trait in onion. This study initiates a new 

direction for improving soluble solids in Allium cepa '1015Y\ 
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APPENDIX A 

THE SAS SYSTEM 

19:58 Thursday, August 8, 1996 

Univariate Procedure 

Variable=X 

Moments 

N 371 SumWgts 371 
Mean 5.674933 Sum 2105.4 
StdDev 0.664214 Variance 0.441181 
Skewness 0.680311 Kurtosis 0.678248 
USS 12111.24 CSS 163.2369 
CV 11.70436 StdMean 0.034484 
T:Mean=0 
Num ^= 0 
M(Sign) 
Sgn Rank 
W:Normal 

164.5657 Pr>|Tl 
371 Num>0 

185.5 Pr>HM| 
34503 Pr>=|S| 
0.94541 Pr<W 

Quantiles(Def=5) 

100% Max 
75% Q3 
50% Med 
25% Ql 
0% Min 

Range 
Q3-Q1 
Mode 

8 99% 
6 95% 
5.6 90% 

5.2 10% 
3.8 5% 

1% 4.6 
4.2 
0.8 
5 

Extremes 

Lowest 
3.8( 
3.8( 
4.6( 
4.6( 
4.6( 

0.0001 
371 

0.0001 
0.0001 

0.0001 

7.6 
7 
6.4 
5 

.̂8 

Obs Highest Obs 
2) 7.6( 399) 
1) 7.6( 400) 
7) 7.6( 401) 
6) 7.6( 402) 
5) 8( 405) 
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19:58 Thursday, August 8, 1996 

Variable=X 

Univariate Procedure 

8.1+* 
Histogram # Boxplot 
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Figure A.l. Histogram and box plot of the percent soluble solid (%SS) distribution. 
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APPENDIX B 

NUCLEOTIDE SEQUENCES OF RANDOM PRIMERS 
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Table B.l. Identity and respective nucleotide sequence of random primers that used to 
generate PCR amplification products. (*)-Primers that yielded a scorable amplification 
product with the Preliminary Subset. 

Primer Sequence (5'-3') 
AP-1* 
AP-2 
AP-3 
AP-4 
AP-5 
AP-6 
AP-7* 
AP-8 
AP-9* 
AP-10* 
AP-11 
AP-12* 
AP-13 
AP-14* 
AP-15 
AP-16* 
AP-17* 
AP-18 
AP-19 
AP-20 
AP-21 
AP-22* 
AP-23* 
AP-24* 
AP-25 
AP-26 
AP-27 
AP-28* 
AP-29 
AP-30* 
AP-31* 
AP-32* 
AP-3 3* 
AP-34 
AP-3 5* 
AP-36 
AP-37* 
AP-3 8 
AP-39 
AP-40 

GGATGGGACA 
AGAAGGGATG 
ACCCAGACCT 
ATCGAAGCTC 
GGCGTGGTAG 
CATCTGAGTC 
GCGCTATTGG 
GTGTCATGAC 
CCTGCGTTCA 
CTAGAGCTGA 
GGGTAGGACT 
TGACACTCGT 
TTGGTCACTG 
GCAGCTGATC 
TTGTGCATCG 
GTATCTCAGC 
CATACGCTCT 
AGGAGCAAGC 
CGCAGACAAT 
CGCTAGAGCA 
CGAGTATGAG 
TTGATACGAC 
CGTCATCAGG 
CTCCTGTAGA 
GATTATCGCC 
GGAATGCCAG 
TCCATATCGA 
CGGAGTCTGT 
GAAGCTGAGG 
GAGCACGACT 
AAGCACCGTT 
TAAGGAGAGC 
AAGCAACTAG 
GAGAGCTTAG 
CCGCTATGAT 
GCGTCTTGTC 
GACGGTACTC 
AATTCGCGCG 
GTTAGCGGAG 
GAAAGCATTC 

Primer Sequence (5'-3') 

AP-42* 
AP-43 
AP-44* 
AP-45* 
AP-46 
AP-47 
AP-48* 
AP-49 
AP-50* 
AP-51* 
AP-52* 
AP-53* 
AP-54* 
AP-5 5* 
AP-56 
AP-57 
AP-58* 
AP-59* 
AP-60 
AP-61* 
AP-62* 
AP-63* 
AP-64* 
AP-65 
AP-66* 
AP-67* 
AP-68 
AP-69* 
AP-70* 
AP-71* 
AP-72* 
AP-73 
AP-74 
AP-75* 
AP-76* 
AP-77* 
AP-78* 
AP-79* 
AP-80* 
AP-81 
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TACCTGTACA 
TGTAGACGAG 
CGTACAAACT 
GTGCATCATA 
TAAACGGATC 
ACTACTGCGA 
ACAGTTGCTC 
CAGGTACCAG 
AGTCTGGCGA 
TACGATCATC 
CTAAGCCATA 
GTTCTCGCAG 
GATGCTGTGG 
TAGTCTCCAT 
GCGTAGCATT 
TTGCTATGCA 
GACTGTTCAC 
TGTGCCACCA 
CCACGTCAGA 
GTCATCGAGT 
AGGATGTGAA 
TGATGTTCAG 
TTAATGACGC 
ACACTACTCC 
GACGTGTGCT 
GAGATCGCTA 
ATGGCCGAGT 
CTTACCTGTA 
TTGTATCGCC 
CGAAGGTCTC 
CGTAGTGTCG 
CGCTGGCTAG 
GCATTGTCTC 
TGTCAACTAC 
TCACCAGAAG 
ATCGATAACG 
CGCAAGAAGG 
TACGGAGACG 
AGAAACGCGG 
ATCCATCGGT 



Table B.l. 
Primer 
AP-41* 
AP-83 
AP-84 
AP-85* 
AP-86 
AP-87* 
AP-88* 
AP-89* 
AP-90 
AP-91 
AP-92* 
AP-93* 
AP-94 
AP-95* 
AP-96 
AP-97* 
AP-98* 
AP-99* 
AP-100 
OPA-01 
OPA-02 
OPA-03 
OPA-04 
OPA-05 
OPA-06 
OPA-07 
OPA-08 
OPA-09 
OPA-10 
OPA-11 
OPA-12 
OPA-13 
OPA-14 
OPA-15 
OPA-16 
OPA-17 
OPA-18 
OPA-19 
OPA-20 
OPD-01 
OPD-02 
OPD-03 

Continued 
Sequence (5' - 3') 
CTTCCTAAGC 
CACTACCAAG 
ATTGTGGTAC 
GGTGAAACCG 
CTTGTGAGCT 
AGTGGTCCAG 
CTCGACAAGT 
GTCTGCATCG 
TAGTGCTCTC 
TAGTTACGCG 
AGGCGTGTGT 
ACGATGCAAT 
CCATTCTGTC 
ACATATGCTG 
ACTGTTCGAC 
GCATATCGCT 
AAGAGAGGCG 
TAGCACATGC 
CTGAGAAGTG 
CAGGCCCTTC 
TGCCGAGCTG 
AGTCAGCCAC 
AATCGGGCTG 
AGGGGTCTTG 
GGTCCCTGAC 
GAAACGGGTG 
GTGACGTAGG 
GGGTAACGCC 
GTGATCGCAG 
CAATCGCCGT 
TCGGCGATAG 
CAGCACCCAC 
TCTGTGCTGG 
TTCCGAACCC 
AGCCAGCGAA 
GACCGCTTGT 
AGGTGACCGT 
CAAACGTCGG 
GTTGCGATCC 
ACCGCGAAGG 
GGACCCAACC 
GTCGCCGTCA 

Primer 
AP-82* 
OPD-08 
OPD-09 
OPD-10 
OPD-11 
OPD-12 
OPD-13 
OPD-14 
OPD-15 
OPD-16 
OPD-17 
OPD-18 
OPD-19 
OPD-20 
OPE-01* 
OPE-02* 
OPE-03* 
OPE-04* 
OPE-05* 
OPE-06* 
OPE-07* 
OPE-08* 
OPE-09* 
OPE-10* 
OPE-11* 
OPE-12* 
OPE-13* 
OPE-14* 
OPE-15* 
OPE-16* 
OPE-17* 
OPE-18* 
OPE-19* 
OPE-20* 
OPR-01 
OPR-02 
OPR-03 
OPR-04 
OPR-05 
OPR-06 
OPR-07 
OPR-08 
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Sequence (5" - 3") 
TGAGGTGTAA 
GTGTGCCCCA 
CTCTGGAGAC 
GGTCTACACC 
AGCGCCATTG 
CACCGTATCC 
GGGGTGACGA 
CTTCCCCAAG 
CATCCGTGCT 
AGGGCGTAAG 
TTTCCCACGG 
GAGAGCCAAC 
CTGGGGACTT 
ACCCGGTCAC 
CCCAAGGTCC 
GGTGCGGGAA 
CCAGATGCAC 
GTGACATGCC 
TCAGGGAGGT 
AAGACCCCTC 
AGATGCAGCC 
TCACCACGGT 
CTTCACCCGA 
CACCAGGTGA 
GAGTCTCAGG 
TTATCGCCCC 
CCCGATTCGG 
TGCGGCTGAG 
ACGCACAACC 
GGTGACTGTG 
CTACTGCCGG 
GGACTGCAGG 
ACGGCGTATG 
AACGGTGACC 
TGCGGGTCCT 
CACAGCTGCC 
ACACAGAGGG 
CCCGTAGCAC 
GACCTAGTGG 
GTCTACGGCA 
ACTGGCCTGA 
CCCGTTGCCT 



Table B.l. 
Primer 
OPD-04 
OPD-05 
OPD-06 
OPD-07 
OPD-14 
OPR-15 
OPR-16 
OPR-17 

Continued 
Sequence (5' - 3') 
TCTGGTGAGG 
TGAGCGGACA 
ACCTGAACGG 
TTGGCACGGG 
CAGGATTCCC 
GGACAACGAG 
CTCTGCGCGT 
CCGTACGTAG 

Primer 
OPR-09 
OPR-11 
OPR-12 
OPR-13 
OPR-18 
OPR-19 
OPR-20 

Sequence (5' - 3') 
TGAGCACGAG 
CCATTCCCCCA 
GTAGCCGTCT 
ACAGGTGCGT 
GGCTTTGCCA 
CCTCCTCATC 
ACGGCAAGGA 
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