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CHAPTER I 

INTRODUCTION 

Cattle have been raised as domestic animals for 

millennia and interest in formal cattle breeding, selection 

and genetics is several centuries old. Cattle have 29 pairs 

of acrocenteric autosomes and a pair of sex chomosomes5* 

Bovine chomosomes are very similar in size and morphology, 

and what differences exist between consecutive pairs of 

autosomes are very small6. Twenty-four of the autosome pairs 

and the sex chomosomes have had loci physically assigned to 

them while five established syntonic groups (the groups of 

genes that have a tendency to be retained or segregated 

together) have yet to be assigned to a chomosome7-i°. These 

thirty-one syntonic groups appear to cover most of the bovine 

genooeu. 

Of the first 200 bovine polymorphic loci reported, about 

80% have been mapped in the mouse and/or in the human genome. 

The current knowledge related to the maps of the human, mouse 

and bovine genomes suggests that there is a high level of 

conservation of gene order on the chomosomes of humans and 

cattle 12 exceeding that what exists between humans and mice. 



The importance of the breeding programs 

The rapid advances in molecular genetics of the last 15 

years have produced much interest among animal scientists and 

breeders to understand economically important traits 

(economically favorable phenotypes are termed positive traits 

and economically unfavorable phenotypes are termed negative 

traits) which have continuous phenotypic distribution. The 

majority of positive traits are also quantitative traits. 

The identification of quantitative trait loci (QTL) is thus 

very important. However, the individual phenotypes often 

reflect the action of several genes, and this can be further 

confounded by environmental effects. Milk yield and 

composition, or fat deposition and other qualities of meat, 

are the examples of typical polygenic trait phenotypes. 

Although interest in locating the relevent QTLs is high, the 

nature of the genes underlying these important genetic 

phenotypes is essentially unknown^. 

It is hoped that new breeding programs assisted by 

today's DNA technology, which uses appropriate DNA sequences 

as probes for marker-assisted selection (MAS) tests, can 

identify new bom calves or fetuses carrying desired traits 

much more rapidly and economically than do traditional 

breeding programs. For dairy cattle improvement, where the 

estimated breeding values (EBV) of bulls are based mainly on 

milk yield records of daughters, and cow's breeding values 

are based on their own performance and the records of 

relativestraditional breed improvement is a very slow 



process, DNA probes for appropriate QTLs will speed this 

process substantially. DNA probes can also be used for the 

purpose of identification and parentage verification, which 

until recently relied heavily on traditional blood typing 

which was not always able to resolve all cases. DNA probes 

can also be used as a diagnostic tools for the detection of 

inherited animal diseases, particularly recessive ones, which 

may save animal breeders millions of dollars. For example, 

leukocyte adhesion deficiency (LAD) costs the dairy industry 

about 5 million dollars a year in the United States alone15. 

By identifying the carriers for such negative traits, animal 

breeders can rapidly replace an unwanted allele, which can 

permeate a breed in relatively few generations, from breeding 

populations. As example for such problems, because of the 

extensive early use of select sires, the carrier frequency 

for the mutation in bovine LAD is 15 percent among bulls and 

6 percent among cows15. Sometimes studies to map the genes 

underlying negative traits can lead to the mapping of a QTL. 

This can result if genetic linkage exists between the gene 

underlying the monogenic negative trait and QTL. An example 

of this is seen by the association of Weaver disease in 

cattle to milk production in Brown Swiss cattle1*. 

At this time there are only a few examples of such 

diagnostic DNA-based tests for negative or positive traits in 

cattle. These include marker assisted selection of Heaver 

syndrome1?, polled or hornless gene in cattle" and 



quantitative trait loci affecting milk production traits in 

Israeli Holstein population^. The identification and 

developement of large numbers of such marker-assisted 

selection programs will be heavily dependent upon improving 

the emerging physical and genetic maps of the bovine genome. 

A saturated linkage map of markers applied to families 

segregating economically important traits will produce 

linkage association of traits to markers, resulting initially 

in the ability to use linked markers for the selection of 

breeding stock and perhaps eventually in the positional 

cloning of the genes involved. 

In the past, the most severe limitation on analyses of 

this type has been the lack of suitable genetic markers. 

Most previous studies on dairy cattle have used blood groups, 

blood proteins and milk proteins. The number of such markers 

is limited and, unfortunately, the frequency of heterozygous 

sires is generally lowzo. Today the emphasis is on identifying 

marker loci which exhibit a significant level of 

polymorphism. This requires that the polymorphism information 

content, PIC, be greater than 0.5 in order for them to be 

truely informative in linkage mapping. 

A functional mammalian linkage map must possess 

polymorphic markers with a maximal spacing of no more than 20 

centiMorgans (cM). This has now been achieved. 



Bovine g«noM project 

Recent advances in genome mapping technologies have led 

to increased emphasis in developing representative genetic 

maps for several species particularly domestic animals, (cow, 

pig, cat, sheep, dog). So far, significant maps of some 28 

mammalian species have been developed. 

The bovine genome project have been initiated with two 

distinct goals: as a resourse for genetic analysis and 

manipulation and to extend the database for evolutionary 

analyses of mammalian genomes. The first goal has an 

economic incentive where quantitative genetic characters 

affect the value of livestock production, in fact, economics 

have had a major effect in stimulating gene mapping in 

cattle". 

The second goal is the tracking of genome organization 

between species in order to interpret the evolutionary 

lineage of living taxonomic groups. For this reason, 

comparative gene mapping has arrisen to determine the pattern 

and linkage of homologous genes between mammalian species2i-25. 

Metaphorically, the genome projects represent as extensive an 

archeologically excavation as has ever been attempted. 

Gene mapping is the first step in toward understanding 

the genetic control of economically important traits. There 

are two different but complementary maps, physical and 

genetic. Physical maps are constructed mainly by the 

analysis of somatic cell lines (somatic cell genetics)26-32, 

and by methods that allow the direct assignment of genes by 



molecular hybridization of specific DNA probes to fixed 

metaphase choraosomes (in situ hybridization)33-35. Comparative 

investigations add to the physical maps by using information 

about the evolutionary conserved locations of genes in 

different genomes (comparative mapping). Coordinates of the 

physical gene maps are cytogenetic structures (i.e. 

chomosomes, chomosome regions or bands). Arrays of 

overlapping cloned DMA fragments and the nucleotide sequences 

will be the components of the ultimate physical map36. Genetic 

maps, on the other hand, are constructed by studying linkage 

analyses and provide information about the distance between 

genes as a function of the frequency of meiotic cross overs 

omlurring along the chomosomes?, 12. 

The bovine gene map now contains over 350 loci, each 

with at least some mapping information (assignment to a 

chomosome, synteny, or linkage group). Of those, 248 contain 

coding genes, six are of unknown coding status but related to 

coding loci, two are pseudogenes, one is a disease locus of 

unknown coding function, and 93 are anonymous loci. Twenty-

eight autosomal (U1-U241 U26-U29)r two sex chomosome-specific 

syntenic groups (X,Y), and 28 linkage groups (L1-L7, L9-L22> 

L26-L32) have been identified. Mutations at 6 mapped loci 

(ASS, CD18, GAA, PDME, TG,UMPS) are known to cause genetic 

diseases. 

The quality of a genetic map is primarily determined by 

the number, degree of polymorphism and distribution of mapped 



loci. In cattle, polymorphisms have been detected at 150 

mapped loci. Sixty-nine of those represent coding genes. 

The remaining 81 are anonymous loci. Most of the 

polymorphisms are the result of point or insertion/deletion 

type mutations. The remainder are VNTR and MVNTR types. 

Ninety-two polymorphisms are available in the STS-format 

(STS= sequence tagged site)38. 

The rapid growth of both human and animal gene mapping 

has led to an important distinction between two different 

classes of anchor loci useful in constructing gene maps36,21-22. 

Type I anchor loci are evolutionary conserved coding genes 

useful in comparative mapping strategies where high levels of 

polymorphism are not essential. Often they are mapped using 

human or murine sequences as probes. These sure not 

immediately useful for the mapping of trait loci, because 

they often are not or are only slightly polymorphic. The 

type I map allows us to identify the boundaries of conserved 

syntenic segments. This information is also useful to direct 

marker spacing. Type I marker loci additionaly allow the 

identification of candidate genes once a trait locus has been 

assigned to a specific region of a chomosome. The second 

class, type II anchor loci, are DMA segments that are highly 

polymorphic in the studied species (polymorphism information 

content, P10=0.6). Examples include minisatellites, 

microsatellites and single strand conformation polymorphisms39 

(SSCPs). 

Each type of locus has specific advantages when 



constructing new species gene maps and for extending 

available maps. 

Microsatellites as Barker loci 

Vertebrate genomes contain various classes of abundant 

repetitive elements: interspersed SINE and LINE elements 

(retroposons) and short, often highly polymorphic simple 

sequence repeats (microsatellites )«o»*i. Minisatellites, or 

VNTR sequences, are also characteristic parts of genomes, 

through less abundant (some thousands of copies) than SINE-

elements (hundreds of thousands of copies) and 

microsatellites (at least tens of thousands of copies per 

genome)«. All of these sequence elements are potentially 

valuable anchor sites for genome marker mapping. 

Microsatellite sequences currently provide the most efficient 

means for genetic mapping, because of their high level of 

variation between and within species, through sequence 

tagging. PCR technology using synthetic DNA primers for the 

specific flanking sequences (STS) of the microsatellites, is 

able to detect size variations of l-5bps43. Microsatellites 

have advantages over VNTRs or minisatellites. Even though the 

latter are extremely polymorphic and are widely distributed 

through out genomes, because of the larger size of the VNTR's 

repeat unit. This can be up to 50 base pairs and combined 

with the potentially large numbers of repeats, can make the 

utility of PCR testing as a rapid way of analysing VNTR 

length rather limited. They are therefore usually analysed 



by the less convenient conventional RFLP analysis methods. 

The number of dinucleotide repeats in microsatellites appears 

to be in the range of about 15-40 and, therefore, the length 

of DNA to be amplified by PCR is well within the limits of 

tag polymerase". in addition, the mutation rate for the 

generation of new microsatellite lengths is not as high as it 

is for VNTRs, and this enables the segregation of 

microsatellite alleles in pedigrees to be followed less 

ambiguously'^. 

Microsatellites are short stretches of simple sequence 

repetitive elements found in all eukaryotic genomes and also 

to some degree in prokaryotes (eubacteria46-"). They consist 

most often of mono-,di or tri-nucleotide motifs, but several 

longer ones can also be found as building blocks of simple 

sequences^. on average, their number is estimated at 100,000 

loci in mammals. With an even distribution thoughout the 

euchomatin, they display high polymorphism with a median 

polymorphic information content (PIC) of 0.60*. They can be 

categorized in thee classes amlording to their structure": 

perfect (an uninterrupted run of dinucleotides), imperfect 

(one or more interrupted runs of the same dinucleotide), and 

compound (sumlessive runs of different dinucleotide repeats). 

They can be found at the 5' and 3' ends of coding regions^*, 

in some introns of genes55-56, within variants of the 

repetitive Alu-elements'?, within mini-satellite sequences^, 

as well as other regions of the genome which cannot be 
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related to any f unction5»-6i. Their real function is still 

unknown, but it is clear that they are the major Z-DNA 

forming component in eukaryotes*s,48. The apparent under-

representation of these sequences in prokaryotes is probably 

due to the more economical use of DNA, for these organisms 

have low amounts of non-coding spacer DNA. interestingly, 

prokaryotes have a more frequent omlurance of simple 

trinucleotide repeat motifs, possibly due to their tolerance 

by the triplet genetic code54. 

The increased informativeness or heterozygosities as 

expressed in the PIC value of microsatellites is positively 

correlated with the lengths? of repeats in the perfect 

category and with the length of the longest stretch of 

uninterrupted repeats in the imperfect or compound 

microsatellites45. We can therefore say that there is a 

positive correlation between the number of alleles, length of 

microsatellites and the mutation rate at the microsatellite 

loci. 

Several mutation mechanisms provide possible 

explanations for how to create the observed length 

variations. These include unequal crossing—over45'63'64, as 

well as gene conversion and strand slippage^ during DNA 

replication/repair. These mechanisms can combine to make 

the microsatellites hypervariable by a method which is for 

the most part different from that which generates the 

variability at minisatellite loci, which is suggested to be 
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mainly due to recombination mechanisms $2. The omlurrence of 

the imitations is sufficiently frequent to maintain a high 

degree of polymorphism within populations, but not frequent 

enough to commonly omlur between sumlessive generations. 

The abundance, stability, apparent random distribution 

in the genome and the hypervariability within microsatellite 

loci not only makes them a powerful tool for the construction 

of the complete genetic marker linkage map, but also opens a 

new way for determining individual identity. 

t m genes- are good candidates as marker loci 

Transfer RNA genes have the potential of serving as 

excellent chomosomal anchor or landmark loci for mapping the 

bovine or other mammalian genomes, and also in comparative 

genome mapping studies between the bovine, human and other 

mammalian genomes. 

Eukaryotes contain multiple copies of tRNA genes for 

each distinct tRNA species66*67. Several of these genes have 

now been localized in the human genome68*69'70. Although both 

short-range and long-range clustering of some tRNA genes has 

been reported71*72, most of these genes are widely dispersed 

thoughout the human genome on at least 8 different 

chomosomes. Because of having internal Pol III promoters and 

the presence of direct terminal repeat sequences that appear 

to flank many of these genes, it has been proposed that many 

of these genes may have arisen and subsequently 
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have been dispersed by an RNA-mediated retroposition 

m e c h a n i s m ^ . in the human and rat genomes, it has been 

estimated that there are about 1300 tRNA genes66 encoding 60-

90 different isoamlepting species of tRNA73. Thus, if evenly 

spaced, this would signify that about 50 tRNA gene loci omlur 

on an average human or other mammalian chomosome, with a 

theoretical average spacing of about 2.3 megabases or cM. 

Transfer RNA genes are exceptionally well conserved 

genes among the 4000 mammalian species, but the conserved 

region at tRNA gene loci is actually quite small, with the 

genes being only about 80 base pairs in size. However, the 

5' and 3' flanking regions of these small genes are not 

subject to stringent selection pressures in higher eukaryotes 

(due to their nontranscribed properties and the relatively 

large intergenic distances). Thus, the nearby flanking 

sequences of tRNA genes have diverged substantially between 

the mammalian species, and have diverged significantly among 

individuals of the same species as well. These properties 

make tRNA genes prime candidates for development as type I 

anchor loci with good probabilities of having associated 

sequence polymorphisms with PIC values of greater than 0.5. 

In addition, the large number of tRNA genes and their highly 

dispersed chomosomal locations will undoubtedly make many of 

them useful to improve connectivity in the developing bovine 

genetic linkage map. Finally, due to the number of tRNA gene 

loci and the frequency of microsatellite sequences which 

omlur within mammalian genomes, there is an excellent chance 
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that a number of tRNA gene loci will be tightly associated 

with microsatellites, making them useful for placing 

additional type II highly polymorphic loci on the bovine map. 

SIHE-derived tRNA elements 

Virtually all mammalian genomes contain various types of 

repetitive elements in their non-coding regions. The two 

most abundant classes of interspersed repetitive sequences 

associated with genes are the long interspersed nucleotide 

elements (LIME) and short interspersed nucleotide elements 

(SINES) 74-75. Both types of elements have structural 

properties which indicate that they have been inserted into 

different sites in the genome via an RNA intermediate form. 

Consequently, these repetitive elements have been classified 

as retrotransposons76. 

Typical SINES of 100-300bp share a number of common 

structural features: they contain an internal RNA Pol III 

promoter, flanked by variable length insertion site 

duplications and usually end in an A- or T-rich tail or a 

short simple sequence repeat* The internal promoter is in a 

region apparently derived from a structural RNA and may be 

essential for the formation of a SINE77,78. 

In addition, the dominant human SINE families (AZu) and 

mouse (Bl) SINE families79 show significant homologies with 

the 7SL RNA geneso-8i with an internal RNA Pol III promoter, 

which is a component of the signal recognition particle 
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implicated in protein secretion^. Most SINEs appear to be 

fusion products of a tRNA-derived gene and an unrelated 

sequence83-85. The rodent type II AZu family appears to be 

derived from a lysine tRNA, while the rat identifier (ID) 

sequences are from a phenylalanine tRNA and the rabbit C 

family is derived from glycine tRNA genes83-

Because of their abundance, high intespersion in the 

genome and their high polymorphism, SINE-derived tRNA 

elements are also good candidates for serving as marker loci 

in genome mapping studies. 

The artidactyl family of repetitive sequences range from 

100 to 300 base pairs in length, and in the genome they can 

be found either interspersed, as single copy sequences or as 

highly reiterated tandem copies. They are present at 

approximately 300,000 copies per genome86. They have all of 

the characteristics of SINE families except that they lack an 

A-rich tail. Their internal RNA pollII promoter is derived 

from a tRNA gene8?, presumably a glycine tRNA gene83. 

This is not to say that all repetitive elements are 

routinely created by reverse transcription of small RNA gene 

products. The tRNA-related genes in these families cannot 

contain sequences within their structure that block the 

efficient reverse transcription of the RNA, such as the very 

strong secondary structures characteristic of their tRNA 

relatives. In this regard, the SINE families show less 

secondary structure than the parent genes and might therefore 
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be expected to reverse-transcribe more efficiently. Besides, 

amplification of the tRNA-related sequences should not have 

any deleterious effects on the cell. Thus, sufficient 

mutations may have had to amlumulate in the tRNA-related 

sequence to abolish competition with cellular function of the 

parent gene before extremely high copy numbers could be 

amlommodated by the cells. This would require several point 

mutations or deletions to sufficiently alter the gene 

structure. 

The finding that many of the major SINE families have 

evolved from RNA polymerase III genes of known 

functionsuggests that most of the members of these families 

are simply pseudogenes with no physiological function86. 

It has been recognized that the dispersion of large 

numbers of the elements represents an interspersion of 

repetitive RNA polymerase III promoter elements between and 

within RNA pol II transcription units. It has been suggested 

that there could be a possible negative regulatory relation 

between these two promoters. There are four models 89 which 

suggest ways that the repression of adjacent pol II 

transcription by Pol III promoters can omlur. It could be by 

interaction of components of the Pol III complex with 

activation domains in the upstream activator sites (UAS) 

complex to give competitive inhibition. Alternatively, the 

components of the Pol III complex could interact with the 

components of the pol II basal promoter machinery to block 

productive interactions with the UAS activation domains. A 
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third model suggests that the bulky Pol III complex 

sterically blocks the ability of pol II and it's basal 

transcription factors from interacting simultaneously with 

the UAS. Finally, the basal promoter, or the Pol III 

transcription complex, attracts some type of repressor or 

repressing phased nucleosomes that block amless by pol II 

transcription components. 

Summary 

Although the cattle gene map has more than 500 loci 

assigned to chomosomes, syntonic groups or linkage groups38, 

many of these loci exhibit low levels of identified 

polymorphism and are therefore of limited value for linkage 

studies. Having a large number of polymorphic DNA level 

genetic markers in the bovine genome should, in principle, 

allow one to determine the linkage of quantitative trait loci 

(QTL) to DMA markers and to use these markers in selecting 

semen, embryos or breeding stock, for domestic cattle 

breeding improvement programs. 
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CHAPTER II 

MATERIALS AND METHODS 

Isotopes, chemicals and restriction endonucleases 

Radioactive materials([a-32P]dCTP and [a -^5S]dATP) were 

obtained from DU PONT (NEN Research Products), Biotechnology 

Company. Chemical and bacteriological media were purchased 

from Fisher Scientific, Sigma, GIBCO and New England Biolabs. 

The random primers DNA labelling system was obtained from 

GIBCO BRL and the Prime-a-Gene** labelling system was 

purchased from Proraega Corp. Restriction enzymes and buffers 

were supplied from Bethesda Research Labs, New England 

Biolabs and IBI. T4 DNA ligase was obtained from GIBCO BRL. 

Sequenase™ version 2.0 DNA sequencing kits were purchased 

from United States Biochemical Corporation. 

Biological media and growth conditions 

Media used in this study were YT broth, LB broth, LB 

supplemented broth, NZY broth and NZCYM broth. YT broth was 

composed of 0.8% (w/v) tryptone, 0.5% (w/v) yeast extract and 

0.5% (w/v) NaCl. Agar, 1.5% (w/v), was added in order to 

make solid medium for plates. For the propagation of E. coli 

phage such as Ml3mpl8 and M13mpl9, both YT broth and YT agar 

plates were used. E. coli cultures were grown in LB (Luria-
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Bertani) medium which contained (per liter) lOg of tryptone, 

5g of yeast extract and lOg of NaCl. Agar 1.5% (w/v) was 

added to make solid medium for plates. LB broth supplemented 

with 0.2% maltose and 10mM MgS04 was used to grow the E. coli 

host cells for the purpose of titering the lambda phage. 

Maltose induces the production of X receptor in E. coli and 

Kg** ions aid phage adsorbtion. NZY broth was used for the 

plating of E. coli cells infected with the X phage in order 

to determine the plague-forming units per milliliter (pfu/ml) 

of the X,phage lysates. NZY broth was composed of 0.5% (w/v) 

NaCl, 0.2% (w/v) MgS04, 7 H2O , 0.5% (w/v) yeast extract and 

1% (w/v) NZ amine (casein hydrolysate). The pH was then 

adjusted to 7.5 with NaOH. Agar 1.5% (w/v) was added to make 

solid medium for plates. When making NZY top agarose, 0.7g 

agarose was added to 100ml of NZY broth. NZCYM broth was 

used for the large-scale preparation of bacteriophage lambda. 

It contained 1% (w/v) NZ amine, 0.5% (w/v) NaCl, 0.5% (w/v) 

bacto-yeast extract, 0.1% (w/v) casamino acids, 0.2% (w/v) 

MgS04, 7 H2O. The pH was then adjusted to 7.0 with 5N NaOH. 

Bacterial strains and plasaids 

Escherichia coli DH5a was the bacterial host strain 

utilized for cloning purposes and the plasmid vector was 

pUC18 (Table 1). E. coli DH5aF' (F* supEAA AI lacZYA-
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argF)U169 (08OlacZAMl5) AsdR17 (rv-mic+) recAl endAl cryrA9 thi-1 

rel&l) (Table 2) was used as the host for the propogation of 

E. coli recombinant M13mpl8/19 phage. E. coli XL1-Blue MRA 

A(mcrh)183, A(mcrQB -hsdSMR-mrr)17 3, endAl supE44 , thi-l, 

gyrA96, relAl, lac (Table 3) and E. coli XLl-Blue MRA (p2 

lysogen) were also utilized. The 2?. coli XLl-Blue MRA (p2) 

strain was used when recombinant E. coli bacteriphage X (FIX 

II System Vector) were selected from non- recombinant ones. 

E. coli XLl-Blue MRA was used as a control strain and also 

for growth of the recombinants when the selection was no 

longer necessary. Both strains have been modified to enhance 

the stability of clones containing methylated DNA. In 

addition, they enhance the stability of non standard DNA 

structures. 

A custom bovine genomic library has been constructed by 

Strategene in the Lambda FIX II vector containing active red 

and gam genes, which is sensitive to p2 inhibition. This 

vector amlepts inserts from 9 to 22kb in it's Xhol site, 

insertions into this site inactivate the red and gam genes 

allowing it to grow on bacterial strains lysogenic for p2. 

The bovine DNA for this library was prepared from cov̂  

liver and was partially digested with the Sau3Al restriction 

enzyme. 

The cow from which the library was constructed was about 

2 years old, lactating for 12 days, and it was 1 day post-

estrus. 
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Table 1. Bacterial strains and vectors. 

Strain Relevant 
description 

E. coli 

DH5a 

DH5aF' 

XL1-Blue MRA 

XL1-Blue MRA (p2) 

Vectors 

pUC 18/191 

Lambda FIX II 

lacZ A Ml5recA 1 

F' 

A(mcrA)183, A(mcrCB-hsdSMR-mrr)173 

p2 lysogen 

A derivative of pBR322, APr 

Recombinant X phage containing bovine 
genomic library, obtained from 
Stratagene. 
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Table 2. Genotype of E. coli host DH5a. 

Gene uncnpnon Efcct 

endftl endonuclease mutation for improved plasmid 
isolation 

gyrbSLL DNA gyrase mutation nalidixic acid resistance 

lac2AM15 partial deletion of lmcZ allows a-complementation 
of lacZ gene for p-gal 
activity 

recAl recombination deficient prevents recombination 

'"PS. suppressor mutation UAG mutation suppression 

thi-i mutation in thiamine 
metabolism 

thiamine required 



22 

Table 3. Genotype of E. coli host XL1-Blue MRA 

Gene Deaopbn Effect 

A(mcrA)183 , mutation in methylation for enhancing the 
A(jncrCB-hsdSMR 2-mrr) 173 8Pecific restriction stability of 

system methylated DNA and non 

standard DNA 

endAl endonuclease mutation for improved X DMA 
isolation 

judE44 suppressor mutation OAG mutation 
suppression 

thi-1 mutation in thiamine 
metabolism 

thiamine required 

gyr&2& DNA gyrase mutation nalidixic acid 
resistance 

reiki4 mutation in spacer negative effect on the 
region of rrn B Operon function of tRNA<an2 
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Working cultures and stocks 

All E. coli strain stocks were kept in 40% glycerol at 

-70°C for long term storage. The lambda phage stocks were 

kept in tubes with 40xx of chloroform and 7% 

dimethylsulfoxide (DMSO) at -70®C. 

Anderson «t tl.M attbod for the isolation of DBA frosi 

blood 

A. Blood lysis: 

Ten milliliters of blood was collected in an EDTA tube 

and tramsferred into a sterile 50ml conical, screw cap 

polypropylene disposable centrifuge tube. Twenty five ml of 

cold lysis buffer was then added to this tube. The tube was 

then capped and mixed by inverting. The tube was left on 

ice for 20 minutes in order to allow the red blood cells to 

lyse. centrifugation was then performed at 1302xg (2500rpm) 

for 10 minutes at 4°C in a Sorvall T6000B centrifuge (DU 

PONT). The pellet was vortexed briefly in 20ml of cold lysis 

buffer and left on ice for 5 minutes. The suspension was 

centrifuged at 1302xg (2500rpm) for 10 minutes at 4*C. The 

pellet was resuspended in 4.75cc of digestion buffer , 500ml 

of 10% SOS and 200ml of lOmg/cc proteinase K, which was 

prepared fresh. The tube was next incubated at 5€°C for 2 

hours on a rocking platform. One milliliter of 6M NaC104 was 

added and the tube was mixed gently by inversion for 20 

minutes at room temperature. 
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B. DNA extraction: 

An equal volume of phenol was added to the above 

solution and the tube was capped, mixed thoughly and then 

centrifuged for 7 minutes at 1875xg (3,000rpm) in a Sorvall 

T6000B centrifuge at room temperature. The Phenol (colored) 

phase was discarded. After an equal volume of extraction 

reagent (make by mixing 25 volumes phenol, 24 volumes 

chloroform and 1 volume isoamyl alcohol) was added. The tube 

was then capped, mixed and centrifuged at 1875xg (3,000rpm) 

in a T6,000 centrifuge at room temperature for 7 minutes. 

The top phase and interphase were removed to a new sterile 

15ml conical, screw cap polypropylene disposable centrifuge 

tube. The extraction was repeated with chloroform and isoamyl 

alcohol. The top phase was removed while avoiding interphase 

and placed in siliconized 30ml Corexm glass tube. One-tenth 

volume of 3.0M NaOAc (pH 7.0) and 2.5 volumes of cold 

absolute ethanol was added to precipitate the DNA. The tube 

was vortexed well and then placed at 70°C for 10 minutes. 

The siliconized glass tube was centrifuged at 10,000xg 

(approximately 8,000rpm in an SA600 rotor). The pellet was 

then washed with 70% ethanol. The ethanol was removed and 

the pellet dried in a Speed Vac®* vacuum concentrator. The 

DNA pellet was resuspended in 1,000^1 TE buffer (pH 7.6) and 

transferred to a 1.5ml microfuge tube. 
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C. Determination of DMA concentration: 

Twenty microliters of DNA solution was diluted with 

980ml of TE buffer and the absorbance was read against a TE 

standard at 260nm (scan from 220nm to 320nm) using a Beckman 

DU-40 spectrophotometer. The DNA concentration was 

calculated from the A260 (1 absorbance unit = 50|tg/ml double-

stranded DNA) and the dilution factor. The bovine DNA 

preparation was properly labeled and stored at -20°C. 

Preparation of a working library 

A working library was produced by making a 10-fold 

dilution of the 100ml aliquot of the original bovine genomic 

library (cat#946702) from Strategene, by adding 900ml of 

sterile SM buffer which contained (per 1 liter) 5.8g NaCl, 

2.0g MgS04,7 H20, 50ml of 1M Tris-HCl (pH 7.5) and 5.0ml of 

2% (w/v) gelatin. Forty microliters of chloroform was added 

to this working library, before it was stored at 4°C. 

Phage titering Procedure 

A-Preparation of plating cultures 

Fifty milliters of LB supplemented broth was inoculated 

with a single colony of E. coli XL 1-Blue MRA (p2) cells and 

allowed to grow overnight at 30*C in a New Brunswick G25 

shaker incubator at 250rpm. This temperature of incubation 

ensured that the cells would not over grow. This is 

25 
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important because phage can adhere to dead cells as well as 

to live ones and this can lower the measured titer. E. coli 

cells were harvested by centrifugation in a Sorvall T6000B at 

833xg (2,000rpm) for 10 minutes at room temperature. The 

pellet was gently resuspended in about 15ml of lOmM MgS04. 

The cells were then diluted with 10mM MgS04, until the 

absorbance at 600nm (A600) reached 0.5. 

B-Serial dilution 

Thoughout the research effort, serial dilutions with 

different volumes and ultimately different factors of 

dilution were made. Working with the diluted library as an 

example, lOfxl of the diluted library was added to 990(il of 

autoclaved SM buffer in a 1.5ml polypropylene sterile 

microcentrifuge labelled tube #1. Then 10^1 of tube #1 was 

added to 990|il of autoclaved SM buffer in a second 1.5 

microcentrifuge tube (#2) and mixed well. One hundred 

microliters of tube #2 was added to 900pl of autoclaved SM 

buffer in tube #3. The final dilution factor in this case 

was 10"6 from the original library and 10"5 for the diluted 

library (Fig. 1). 

A 300ml flask containing the solidified top NZY agar was 

weighed and then placed in a microwave oven. The agar was 

melted and any water which evaporated during the melting 

process was replaced by autoclaved distilled deionized water. 

Melted agar was then placed in a waterbath at 55#C. From the 
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Figure 1. Method for making serial dilutions of phage 

lysates. 
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100 jjil 

900 
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10~4 dilution factor tube #2, 5, 10, and 20fil, and from the 

10~5 dilution factor tube #3, 5 and lOfiJL, of the diluted 

phage mixtures were added to 200^1 of the diluted E. coli 

lawn cells. Each was in a different white capped autoclaved 

culture tube. The tubes were labeled according to the 

dilution factor and the volume of phage suspension which had 

had been used. The tubes were placed in the incubator-shaker 

for 15 minutes at 37°C to allow the phage to adhere to the 

bacterial cells. The 100mmxl5mm plates with NZY bottom agar 

which had been prewarmed to 37°C were appropriately labeled 

to correspond to the label on each tube. Top agar (2.75ml 

volume) was added to each tube, the tubes were swirled gently 

and then were poured onto the labeled plates. Each plate was 

tilted gently to spread the top agar evenly over the bottom 

agar. The plates were allowed to remain undisturbed at room 

temperature until the top agar hardened. The plates were 

then incubated at 37°C for 6-8 hour. The plagues were 

counted and the plague-forming units per milliliter (pfu/ml) 

of the library as well as the diluted working library were 

calculated. 

Plaque screening 

A-Plating phage 

The appropriate volume of diluted working library which 

gave 30r000pfu/plate was added to 200|il host E. coli XL 1-Blue 
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MRA (p2) cells in autoclaved Kimax glass test tubes. After 

adding a 2.75ml volume of NZY top agar (55°C) to these tubes, 

the suspensions were poured onto 33 100mmxl5mm NZY plates, to 

screen lxlO^pfu. The plates of phage were incubated at 37°C 

overnight. These plates were then refrigerated for 2 hours, 

at 4°C prior to plague lifting. This helped prevent the top 

agar for sticking to the nylon-based membranes (Colony/Plague 

Screen^ hybridization transfer membranes, DU PONT NEN 

Research Products). 

B-Plaque lifts 

The dry 82mm membrane disc was labeled on the corner 

with a black permanent marker and carefully placed on the 

agar plate. In order to prevent the trapping air pockets 

under the membrane, the membrane was curled and initially 

placed on the center of the plate. As it wets, it unrolls 

and flattens itself onto the agar plate. The disc was 

allowed to sit on the agar surface for 2-3 minutes. The 

precise disc position on the plate was marked by stabbing a 

needle (which has been soaked in radioactive India ink), 

through it at the appropriate positions (corresponding to 

marks placed on the plate). The number of pen marks on the 

membrane corresponded to the number of the line marks on the 

plate. The holes in the master plate were then used to align 

the plate with the final autoradiograph. While the disc was 

in contact with plate, a 750|il pool of 0.5N NaOH was placed 

on a sheet of Saran Wrap™, which had been stretched across 
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the bench to ensure that the disc wets evenly. The membrane 

was now carefully removed from the plate with forceps. This 

disc with the plague side up was then placed onto the pool of 

0.5N NaOH for 2 minutes. The disc was then blotted dry on 

blotting paper again with the plague side up. The above step 

was then repeated one more time with fresh 0.5N NaOH. The 

disc with the plague side up was then placed onto a pool of 

buffer (750fil of 1M Tris-HCl, pH 7.5) for 2minutes. Then the 

disc was blotted dry and the above step was repeated with 

fresh buffer. Usually a second lift for the plate was 

performed with a new nylon-based membrane. This time the 

membrane was placed onto the agar plate for a longer time, 

about 4-5minutes. After the discs were placed on a clean 

filter paper to remove excess buffer, they were placed on a 

piece of dry filter paper and allowed to completely dry. The 

properly labeled membrane was stored at 4°C until future use 

(Fig. 2). 

Preparation of glycine, proline and leucine tRHA 

probes 

A-Determination of the DNA concentration of the 30mer 

oligonucleotides and 6mer primers for Gly, Pro and Leu tRNA. 

(GLY) 5' GTT CAG TGG TAG AAT TCT CGC CTG mlA CGC 3' 

Tm=89.85°C GC=57% 

Primer GCG/TGG 

(PRO) 5' GTC TAG GGG TAT GAT TCT CGC TTA GGG TGC 3' 

Tm=88.2#C GC=53% 
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Figure 2. Preparation of plague lifts from recombinant 

phage libraries. 
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A. plating phage: 
30,000 pfu 

200 jil I I 2.75 ml 
£. cali XLl-Blue HRA (p2) > L J < HZY top agar 

incubation at 37°C overnight 

rtpMt the step 3 with 
fresh 0.5 I KaOH after 
blotting the MeMbrane cm 
blotting paper. 

B. plaque lifts: 

refrigeration at 4°C for 2 hour. 

1. plaoe dry Membrane disk 
tbt chilled narked agar 
plate for 2-3 Minutes. 

on O needle mark the disk 
corresponding to narks 
Plaoed on the plate. 

,/ 
place the nylon, disk with 
plaque side up onto the ^ 
pool of 0.5 * KaOH for 2 ^ 
nintxtes. ̂  

4. 

7. 

After blotting the 
MeMhrane on blotting 
paper, repeat step 3 
with fresh 0.5 H HaOH. 

let MeMbrane completely dry 
on a piece of dry filter 
paper. 

After blotting the MeMbrane 
on blotting paper, place the 
disk with plaque side up onto 
the pool of 1 U tris-HCL, pH 
7.5 for 2 Mintxtes. 

6. After blotting the MeMbrane 
on blotting paper, repeat the 
step 5 with fresh buffer. 
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Primer GCA/CCC 

(LEU) 5' CGA GCG GTC TAA GGC GOT GGA TTA AGG CTC 3' 

Tm=91.08 GC=60% 

Primer GAG/CCT 

Each lypholized 30mer and 6mer primer which was recieved 

from Bio-Synthesis, Inc., Lewisville was resuspended in lOOpl 

TE buffer (lOmM Tris base, pH 7.5, ImM EDTA), by mixing very 

well. A small portion of the suspended DNA was diluted 100-

fold (lOjil of the sample was diluted with 990fil of IE buffer) 

and the diluted sample was scanned using a Beckman» DU-40 

spectrophotometer. The DMA concentration was then 

calculated from it's A260 (1.37 absorbance unit*50 (xg/ml 

single-stranded DNA) and the dilution factor. 

B-labelling probes 

Primer buffer was made by adding 1.59g HEPES, 1.7ml 1M 

Tris-HCl, 170|tl 1M MgCl2 and 21^1 2-mercaptoethanol, for a 

total of 7.1ml. To 71j*l of this primer buffer in a 

microcentrifuge tube, 16nl of glycine primer solution 

(1830pmol/|xl) for the glycine tRNA probe [or 16fil of proline 

primer solution (1830pmol/^l) for the proline tRNA probe, or 

16fil of leucine primer solution (1500pmol/|il) for the leucine 

tRNA probe], and 13|il of lOmg/ml BSA (Bovine Serum Albumin), 

was added for a total volume of 100fj.l. To 15|A1 of this 
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primer buffer mix in a microcentrifuge tube, 10jil of the 

glycine tKNA 30mer oligonucleotide, 0.043|ig/|il for the 

glycine tRNA probe [or lOfil of proline tRNA 30mer 

(0.053(ig/|il) for the proline tRNA probe, or lOfil of leucine 

tRNA 30mer (0.035p.g/|il) for leucine tRNA probe] was added. 

Two microliters of a mixture of non-isotopically labeled 

dNTPs (dATP,dTTP,dGTP) for a final concentration of 20nM 

each, and 5|xl [a-^P]dCTP, (approximately 50^Ci), was added. 

Eighteen microliters of nuclease-free water was added to 

above mixture to give a total volume of 50fil. This solution 

was heat-denatured by warming to 100°C by placing the 

microcentrifuge tube in a heatblock for 5 minutes. Then the 

tube was immediately cooled by placing it on ice for 5 

minutes. After adding l|il of Klenow fragment enzyme 

(5,000u/ml), the tube was incubated at 25°C for 3 hour. Five 

microliters of stop buffer (0.2M Na2EDTA, pH 7.5) was then 

added. The unincorporated nucleotides were removed using a 

Nensorb 20 column (DU PONT NEN Research Products) as 

discribed below. 

C-Labelled nucleic acid probe purification 

a-Preequ ilibration of column 

The Nensorb"! 20 cartridge was clamped to a secure 

support. The cartridge was rinsed with a 2ml volume of 100% 
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methanol, in order to collect and compact any loose resin 

back onto the column bed. The adapter was securely pressed 

into the top of the cartridge, forming an air tight seal. A 

disposable plastic syringe was filled with air and was 

attached to the adapter. With constant gentle pressure, all 

of the methanol was pushed slowly (with a flow rate of 1 drop 

per 2 seconds) through the cartridge until the bed was dry. 

This methanol rinse was essential to prewet the sorbent. The 

column was loaded using gentle pressure with 2ml volume of 

Reagent A (containing 0.1M Tris-HCl, ImM disodium EDTA, pH 

7.7, lOmM Triethylamine (TEA) by a disposable 3ml plastic 

syringe, which was again attached to the adapter. The 

syringe was removed and another syringe filled with air was 

connected to the adapter to push slowly all the Reagent A 

through the column. This step primed the column and prepared 

it for the DMA containing sample. 

b-Sample loading 

A three hundred microliter volume of Reagent A was added 

to the labeled probe and gently mixed by pipetting up and 

down several times. After removing the adapter and syringe 

from the top of the cartridge, the sample was carefully added 

directly to the top of the column bed at one time. The 

adapter was pressed back into the top of the cartridge to 

form an air-tight seal. With a syringe filled with air, the 

entire liquid was slowly forced (1 drop per 2 seconds) 

through the column. Under these conditions the solvent 

passes through the column, while the nucleic acids are 



37 

absorbed to the resin. 

c-Sample wash 

The column was rinsed with Reagent A by adding 3ml of 

this solution to the top of the column bed using a 3ml 

syringe as before. The contents were pushed slowly through 

the column with an air filled syringe. 

d-DNA elution 

One ml of Reagent B (containing 50% methanol in 

deionized water) was added to the top of the column using a 

3ml syringe. DNA was eluted with an air filled syringe and 

the effluent was collected in 200(1.1 (9-11 drop) fractions in 

1.5ml microcentrifuge tubes. 

Detecting charged particles fro® nuclear decay of 

radioisotopes 

This method involved placing the radioactive samples in 

close proximity to the detector in the LS 7,000 liquid 

scintillation system (Beckman Instruments, Inc., California). 

Two microliters of each collected sample from the Nensorbw 

column were placed at the bottom of a 500(tl microcentrifuge 

tube. The tubes were placed in glass sample vials. Tower 

code 10 was selected on the program tower using a pattern of 

open and closed holes. The program tower was then placed in 

the sample conveyor train, immediately ahead of the sample 

vials, between the red light source and the photoelectric 



38 

cell, which are located on either side of the detector well 

elevator. The code was used to select the library program, 

which has one counting channel designed for general counting 

without regard to the energy range of the beta-emitting 

radio-nuclide. The code was read when the program tower 

passed between the light source and the photo cells. The 

amount of (a-32p)dCTP incorporated was then determined in cpm 

(counts per minute) when the sample vials were brought into 

close proximity to the detector by the detector well 

elevator. Then the data (cpm/2iil) were printed out by the 

printer. 

Hybridisation 

The membrane discs were put in 2xSSC [1.75% (w/v) NaCl, 

0.9% (w/v) Na citrate] solution for approximately 1 minute, 

and then were placed in the hybridization tube which 

contained 10 to 20ml of hybridization solution (containing 

20% (w/v) PEG (8,000), 1.5xSSPE [1.3% (w/v) NaCl, 0.2% (w/v) 

NaH2P04, 0.05%(w/v) EDTA)], and 7%(w/v) SDS), depending upon 

the number of membranes inside the tube. The tube was then 

put back in the hybridization oven and the membranes were 

prehybridized for 30min at 50°C. The appropriate volume of 

probe to give 5xl06cpm was added to 100|il 0.2N NaOH and the 

mixture was denatured by heating to boiling in the heat block 

for 5 minutes. It was then added immediately to the 

hybridization solution in the hybridization tube. The 
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membranes were hybridized for 16 hour at 50°C. Then the 

discs were carefully removed from the tube and the 

hybridization solution was disposed of into the radioactive 

waste container. The membrane discs were washed: 

A-For 15 minutes, in 2.5xSSC [2.1% (w/v) NaCl, 1.1% 

(w/v) Na citrate], 0.1% SOS at room temperature 

B-For 15 minutes, in 2.5xSSCf 0.1% SDS at room 

temperature 

C- Final high stringency wash at 50°C, in 2.5xSSC, 0.1% 

SDS for 10 minutes. 

The discs were lightly blotted on blotting paper and 

wrapped in Saran Wrap®*. The filters were kept slightly moist 

between the plastic wrap, so the probe itself could later be 

stripped or excessive background could be lowered (if needed) 

by additional washing. They were then put in a film 

cassette with an intensifying screen and were exposed to 

Kodak X-OMAT AR x - r a y film from 24 hour to several days. or 

weeks in a -70°C freezer. The exact time depending upon the 

relative amount of the (a-^P)dCTP incorporated into the probe 

and the amount and specificity of the probe binding to the 

membrane. The film was then developed according to 

manufacturer's recomendations in a dark room. 

Stripping DMA probes froa membranes 

The membranes were taken out of the Saran Wrap"* and 

immediately placed in a hybridization tube which contained 50 
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ml of the stripping solution (0.lxSSPE, 0.5% SDS) which had 

been prewarmed to 81°C. After 60-90 minutes the membranes 

were taken out of the tube and blotted on filter paper. 

These membranes were then ready to be hybridized again with a 

different probe. 

Secondary plaque screening 

To properly orient the filters, the dried film was 

placed over the filters. The exposed dots on the film and 

the ink dots where the needle poked through the agar were 

lined up. The locations of putative clones with the 

strongest signals on the film were determined. After placing 

the plates from which the lifts were taken over the film, 

the narrow end of an autoclaved Pasteur pipette was used to 

cut out a small plug from the top agar of the plate over the 

darkest spots. The cut out agar was placed in 1ml of SM 

buffer and 20pl of chloroform in a small Falcon brand tube. 

The tubes were capped and vortexed. The phage suspensions 

were diluted and titered with the host E. coli XLl-Blue MRA 

(p2) cells on NZY plates. The appropriate volume of phage 

which gave 30, OOOpfu/plate with 200|il of host E. coli cells 

were plated on the NZY plates and the plates were incubated 

at 37°C overnight. Plague lifts were made from prechilled 

plates and prehybridization and hybridization were performed 

as above. 
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Preparation of plate lysate stocks 

The appropriate amount of phage suspension which gave 

35,000pfu/plate was added to 200jil of host E. coll XLl-Blue 

MRA cells in an autoclaved Kimax®1 glass test tube. After 

adding a 2.75ml volume of NZY top agar (55°C) to each tube, 

the suspension was poured onto a 100mmxl5nan NZY plate. The 

plate was incubated for confluent lysis of bacterial cells at 

37°C overnight. The plate was overlayed with 5ml of SM 

buffer, and then was stored at 4°C overnight with gentle 

shaking. This allowed the phage to diffuse into the buffer. 

Using a 10ml disposable pipette, the bacteriophage suspension 

from the plate was recovered and was transferred into a 

sterile polypropylene tube. The plate was rinsed by adding 

an additional 1ml of SM buffer for 15min in a tilted position 

to allow all of the fluid to drain into one area. The 

SM buffer was removed and combined with the first harvest. 

The plate was discarded. To the pooled SM, 0.1ml chloroform 

was added, the suspension mixed well and incubated for 25min 

at room temperature. Cell debris was removed by 

centrifugation at room temperature for lOmin at 1302xg 

(2500rpm) in a Sorvall T6000B centrifuge. The supernatant 

was recovered and transferred to a sterile polypropylene 

tube. Twenty microliters of chloroform was added to the 

tube. The phage were diluted and titered with the host E. 

coli XLl-Blue MRA. For long-term storage, 500|il aliquots of 

the phage suspension in 7% dimethylsulfoxide (DMSO) were 
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pipetted into 3 autoclaved microcentrifuge tubes and stored 

at -70°C. The remainder was kept at 4°C for the future use. 

Large-scale preparation of recombinant bacteriophage X 

A. Infection at low multiplicity: 

One hundred milliliters of NZCYM broth in a 500ml flask 

were inoculated for overnight culture with a single colony of 

E* coli XLl-Blue MRA cells and placed at 37°C in a New 

Brunswick G25 shaker incubator with vigorous agitation (300 

cycles/minute). The Agoo of the culture was monitored and 

the cell concentration was calculated assuming that 

1A600=8X108 cells/ml. Four aliquots were withdrawn, each 

containing 10*° cells, and centrifuged at 2701xg (4,000rpm) 

for lOmin at room temperature in a Sorvall T6000B centrifuge. 

The supematants were discarded and the bacterial pellets 

were each resuspended in 3ml of SM buffer. Each tube was 

inoculated with recombinant bacteriophage X, with the ratio 

of bacterial cells to pfu of 1010 cells to 5xl07 phage, 

respectively. The suspension of bacteriophage and bacteria 

was mixed gently, placed in the 37°C incubator-shaker and 

allowed to stand for 20 minutes without shaking. Each 

infected aliquot was added to 500ml of NZCYM, prewanoad to 

37°c in 2-liter flasks. The flasks were then incubated in a 

New Brunswick G25 shaker incubator with vigorous shaking (300 

cycles/minute) until a fully lysed culture containing a 



43 

considerable amount of bacterial debris was obtained. Ten 

microliters of chloroform was added to each flask and the 

incubation was continued for a further 10 minutes at 37°C 

with vigorous shaking. The standard method for purification 

of bacteriophage X described below was then carried out on the 

lysate. 

B. Infection at high multiplicity: 

Ten milliliters of NZCYM broth in a 50ml flask was 

inoculated for overnight culture with a single colony of E. 

coli XL 1-Blue MRA cells and incubated at 37°C in a New 

Brunswick G25 shaker incubator with vigorous agitation (300 

cycles/minute). Five hundred milliliters of NZCYM broth in 

each of four 2-liter flasks (which were prewarmed to 37°C) 

ware inoculated with 1ml per flask of the overnight culture. 

These were incubated at 37°C on a New Brunswick G25 shaker 

incubator with vigorous shaking for another 3-4 hour. After 

the absorbance at 600nm (A600) of the E. coli cell culture 

reached 0.5, the cell concentration was calculated assuming 

that 1A600"8x108 cells/ml. Each flask was inoculated with 

bacteirophage X, using a ratio of bacterial cells to pfu of 8 

to 1, respectively. The suspension of bacteria and 

bacteriophage was mixed gently, placed in the 37°C incubator 

shaker, and allowed to stand for 15min without shaking. 

Incubation was then continued at 37°C for several hours with 

gentle shaking (100 cycles/minute), until a fully lysed 

culture containing a considerable amount of bacterial debris 
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was obtained. A serial dilution was made, after one drop of 

chloroform was added to 1ml of lysate, from each flask. The 

phage were titered with the host E. coli XLl-Blue MRA 

bacterial cells. Ten microliters of chloroform was added to 

each flask, and the incubation was continued for a further 10 

minutes at 37°C with gentle shaking. 

C. Standard method for purification of bacteriphage X: 

The lysed cultures were allowed to cool down to room 

temperature. Fifty microliters of RNase (lOmg/ml) and lOOpl 

of DNasel (5mg/ml) was added to each flask to a final 

concentration of lug/ml and were incubated for another 30min 

at room temperature. These enzymes digest the nucleic acids 

liberated from the lysed bacteria, and prevent the 

bacteriophage from becoming entrapped in a viscous solution 

of nucleic acids. Solid NaCl was added to each flask to a 

final concentration of IN. After dissolving by swirling, the 

phage suspensions were allowed stand for 1 hour on ice. The 

addition of NaCl promotes the dissociation of bacteriophage 

particles from bacterial debris and is required for 

subsequent efficient precipitation of bacteriophage particles 

from polyethylene glycol. Debris were removed by 

centrifugation in a Sorvall GS-3 rotor at ll,000xg for lOmin 

at 4°C. Solid polyethylene glycol (PEG 8000) was added to 

the supernatant to a final concentration of 10% (w/v). PEG 

was dissolved by slow stirring on a magnetic stirrer at room 

temperature. Lysate from each flask was placed in a 500ml 
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centrifuge bottle on ice and stored at 4°C overnight to allow 

the bacteriophage particles to form a precipitate. The 

precipitated bacteriophage particles were recovered by 

centrifugation in a Sorvall GS-3 rotor at ll.OOOxg for lOmin 

at 4°C. The supernatant was discovered by standing the 

centrifuge bottle in a tilted position for 5min to allow the 

remaining fluid to drain away from the pellet. The remaining 

fluid also was removed with a pipette. The bacteriophage 

pellet was gently resuspended in SM buffer. The polyethylene 

glycol and cell debris were extracted by adding an equal 

volume of chloroform and vortexing for 30 seconds at low 

speed. The aqueous phase was then recovered by 

centrifugation in a Sorvall GS-3 rotor at 3,000xg for 15min 

at 4°C. One drop of chloroform was added to 1ml of phage 

lysate, which was then diluted by serial dilution and the 

phage titered with the host E. coli XL 1-Blue MRA bacterial 

cells. Solid CsCl was added at a ratio of 0.5g/ml of 

bacteriophage suspension. After the CsCl was dissolved, 

samples were transferred to Sorvall Ultracrimpm 

ultracentrifuge tubes. Ultracentrifuge tubes were carefully 

balanced (± 0.02g) and properly sealed. These sealed 

ultracentrifuge tubes were then centrifuged at 132,300xg 

(38,000rpm) at 15*C for 24 hours in a Sorvall T-1270 rotor. 

The band of bacteriophage particles in the CsCl solution was 

collected into a 15ml sterile polypropylene capped tube and 

stored at 4°C centigrade. 
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D. Extraction of recombinant bacteriophage K DMA: 

The 3ml volume of collected bacteriophage particles in 

CsCl was transferred into a dialysis bag. CsCl was removed 

from the purified bacteriophage by dialysis at room 

temperature for 1 hour against a 1,000-fold (3 liter) volume 

of dialysis buffer (containing lOmM NaCl, 50mM Tris-HCl, pH 

8.0, lOmM MgCl). The dialysis sac was then transferred to a 

fresh flask of buffer and was dialysed for an additional 

hour. Then the bacteriophage suspension (4ml) was 

transferred into a 15ml sterile polypropylene disposable 

centrifuge tube. EDTA (160|tl) was added from a 0.5M stock 

solution (pH 8.0), to a final concentration of 20mM. EDTA is 

a chelator and is added to remove the divalent cations and 

thus to inhibit nuclease activities. Proteinase K 

(0.000210g) was added to a final concentration of 50pg/ml, 

and SDS (210|il) was added from a 10% (w/v) stock solution in 

water to a final concentration of 0.5%. This combination 

denatures and digests the proteins of the phage coat. The 

tube was vortexed for about 5 seconds and then was incubated 

for 1 hour at 56°C in a water bath. The digested mixture was 

then cooled to room temperature. An equal volume of TE-

saturated phenol was added and the tube was vortexed briefly 

several times (about 5 seconds each time), until a uniform 

emulsion was formed. The phases were separated by 

centrifugation at 2701xg (4,000rpm) in a Sorvall T6000B 

centrifuge (DU PONT) for 5min at room temperature. The 
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aqueous phase was transferred to a clean tube and extracted 

once with a 50:50 mixture of equilibrated phenol and 

chloroform. The phases were separated by centrifugation in a 

Sorvall T6000B centrifuge at 2701xg (4,OOOrpm) for 5 minutes 

at room temperature. The aqueous phase (the top phase and 

interphase) was recovered, extracted once with an equal 

volume of chloroform and was centrifuged as above. The 

aqueous phase (top phase) was then transferred to a 

siliconized glass tube (30ml Corex tube). One tenth volume 

of 3.0M NaOAc (pH 7.0) and 2.5 volumes of cold absolute 

ethanol at -20°C were added. The tube was centrifuged at 

10,OOOxg in an SA600 rotor for 15minutes. The pellet was 

washed with 2.5 volumes of 70% ethanol. It was centrifuged 

again at 10,OOOxg in an SA600 rotor. The ethanol was removed 

and the pellet dried in Speed Vac™ vacuum concentrator 

(Savant Instruments, Inc.). The DMA pellet was resuspended 

in 500|il of TE buffer (pH 7.6) and the DHA concentration 

calculated from the A260 (1 absorbance unit»50pg/ml double-

stranded DHA) and the dilution factor, using a Beckman DU-40 

spectrophotometer. Phage DHA preparations were properly 

labeled and stored at -20°C. 

Preparative scale cleavage of recombinant phage DHA by 

restriction endonucleases 

One half microgram amounts of phage DHA were digested 

with different selected enzymes, using the reaction buffers 
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appropriate for the enzyme(s) which were utilized. The 

amount of 10X reaction buffer used was 1/10 of the total 

volume of the reaction mixture (which included phage DNA, 

reaction buffer, enzyme and usually distilled water). The 

amount of enzyme, the time and the temperature of digestion 

reactions varied depending upon the enzyme utilized. The 

samples usually were subjected to electrophoretic analysis 

following digestion. The appropriate amount of 5x agarose 

gel loading buffer was added to the digested DNA samples to 

give a final concentration of lx. This loading buffer 

contained 2 marker dyes, bromophenol blue and xylene cyanol. 

An 0.8% agarose minigel electrophoretic analysis was 

performed on such samples to verify the completion of the 

restriction reactions, and also to identify the best enzymes 

(those with appropriate cutting sites) which could serve the 

purpose of the research. Agarose minigel electrophoresis was 

performed at 80 volts for 1 hour and the gel was stained in a 

gel staining solution (containing 50jil of lOmg/ml of ethidium 

bromide and 500ml of distilled water) for 20 minutes. The 

gel was then destained in deionized water for 20 minutes. 

DNA bands were visualized under long-wave UV illumination. 

DMA analysis using agarose gel electrophoresis 

Both 1% and 0.8% agarose gels were used through out the 

research for the analysis of DNA samples. Using a 1% agarose 

gel as an example, l.Og of agarose was suspended in 100ml of 

lxTBE buffer (containing per liter 5.5g boric acid, 4ml of 
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0.5M EDTA, and 10.8g Tris-HCl, pH 8.0) in a 300ml flask. The 

flask was weighed before melting the agarose. The agarose 

suspension was brought to boil for 3min in a microwave oven 

to disolve the agarose powder. In order to replace the water 

evaporated during this melting process, distilled water was 

then added back until the flask and its contents were 

restored to their original weight. An acrylic gel forming 

tray was prepared by sealing both ends with masking tape. 

When the temperature of the melted agarose cooled to 

approximately 55°C, the contents were poured into the sealed 

tray. A well forming comb was placed at one end of the tray. 

After the agarose solidified, the comb was removed, as well 

as the masking tape from both ends, and the plate was placed 

in an electrophoresis apparatus containing lxTBE 

electrophoresis buffer. After loading DNA samples, the power 

supply was connected to the apparatus with two wire leads. 

The voltage and the time of electrophoresis were adjusted 

according to experimental requirements. Generally agarose 

gel electrophoresis was performed until the bromophenol blue 

migrated about two-thirds of the length of the gel. 

Molecular weight markers 

Lambda Hindlll fragments were routinely used as DNA 

molecular weight markers. BRL Marker (GIBCO) was also used 

as a marker DMA which contained X. DNA fragments and could be 

visualized using radioactive synthetic oligonucleotide 

probes. 
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Gel photography using polaroid positive/negative films 

After the electrophoresis and staining/destaining 

processes, the destained gel was drained and carefully placed 

on a Fotodyne system long-wave UV trans illuminator (310nm). 

The height and focus of the camera was properly adjusted 

until a clear picture was seen. The red filter was then 

placed in it's correct position under the lens. A Polaroid 

type 55 positive/negative film was inserted into the camera 

(the film was inserted until a click sound was heard and then 

the envelope was pulled back from the camera). An f/stop of 

4.5 and a lmin exposure time was commonly used, depending 

upon the DNA concentration of the samples. In cases where 

DNA was limited, longer exposure times were used. Next, the 

film envelope was placed back into the camera and the lever 

to the right of the camera was moved to the process position 

(P). This releases the film which is then pulled from the 

camera. After allowing 20 seconds for the film to develop, 

the outer envelope was opened. The picture (the positive) 

was carefully removed and coated with a layer of the 

fixer/hardener. The negative was then further processed in a 

9% sodium sulfite solution for one minute and rinsed several 

times with tap water (about lOmin with running water is 

best). 

Southern blotting 

For the purpose of Southern blotting, 2pg of DNA was 

digested with the selected enzymes and a 0.8% agarose 
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long-gel electrophoretic analysis was performed at 29 volts 

for 16 1/2 hour. The gel was stained in EtBr solution for 

20min and destained in deionized water for 20 minutes. 

After the gel was photographed, it was transferred into a 

plastic dish containing 0.4M NaOH, and gently shaken for 30 

minutes. A nylon membrane was used to trap the restriction 

fragments transferred from the gel. The membrane was labeled 

on the right corner with a black permanent marker, and was 

soaked in 0.5M NaOH, 0.5M NaCl solution for 15 minutes. Then 

the gel was placed (well-side down) on top of a sponge soaked 

in 0.5M NaOH, 0.5H NaCl solution and 3 pieces of filter 

paper, which were cut to the size of the gel. Air bubbles 

were removed with gloved fingers by pressing down carefully 

on the gel. The pre-soaked membrane was placed carefully 

onto the gel with the label on the well end. A glass pipette 

was rolled over the membrane to remove any air bubbles. Two 

pieces of filter paper were placed on top, followed by a 

stack of paper towels which had been cut to size. An acrylic 

slab (3/8 inch) was put on top of the paper towels. The 

transfer was allowed to proceed for 3 hours at room 

temperature with sufficient 0.5M NaOH, 0.5M NaCl solution in 

the dish to remain in contact with the sponge, but not so 

high as to reach the level of the gel. The membrane was 

removed and washed once with 0.2M Tris-HCl, pH 7.5, 2xSSC 

solution for 15 minutes with gentle shaking. Then the 

membrane was blotted dry on a sheet of filter paper 

overnight. The DNA was fixed to the nylon membrane by 



52 

exposing it to short-wave length UV radiation (254nm) for 3 

minutes at a distance of 10cm. The membrane was now ready 

for the hybridization. 

Ligation 

A-Preparation of the linearized vector DMA. 

The E. coli plasmid cloning vector pUC18 was digested 

with the selected restriction endonuclease (Xbal). 

B-Preparation of the target DMA. 

The target DMA was cleaved with the same restriction 

endonuclease used for vector cleavage. 

Active restriction endonucleases can effectively prevent 

or undo the ligation reaction. After each digestion, the 

enzyme(s) in samples were inactivated by twice extracting 

with phenol. Phenol was then removed by ether extraction and 

the DMA concentrated by ethanol precipitation. In order to 

verify that the digestion reaction was complete, 

electrophoretic analysis of the sample was performed using a 

0.8% agarose minigel. 

C-Ligation of DMA fragments for transformation 

The vector DMA (O.lpg) was mixed with the digested 

target DMA (0.4pg target DNA in TE, pH 8.0) with the ratio of 

vector to target DNA, at 1 to 4, respectively. Ligation of 

these fragments was carried in a total volume of 20|il, with 

4|il of 5x ligation buffer (containing 25% PEG-8,000, 50mM 
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magnesium chloride, 5mM ATP, 5mM DTT and 250mM Tris-HCl, pH 

7.6) and 10 units of T4 DMA ligase (10 units/nl). The 

ligation mixture was prepared in a sterile 1.5ml 

polypropylene microfuge tube on ice and lul of T4 DNA ligase 

was added last to initiate the reaction. The ligation 

mixture was then incubated at room temperature for 4 hours, 

and stopped by adding 40|il of TE buffer (dilution of the 

ligaion mixture helps to prevent the inhibition of 

transformation) and either used immediately to transform 

competent E. coli cells or stored at -20°C for future use. 

Preparation of competent S. coli cells 

Competent E. coli cells were prepared as follows. Five 

hundred microliters of an overnight culture of DH5a was 

transferred to 50ml YT broth in 250ml flask. The diluted 

culture was placed on a Mew Brunswick G25 shaker incubator at 

250rpm at 37°C for another 3-4 hours. After the absorbance 

at 550nm (A550) of the E. coli cell culture reached 0.45, it 

was transferred to a sterile 50ml polypropylene disposable 

centrifuge tube, which was placed in an ice-water for 10-20 

minutes. After the cell pellet was collected in a Sorvall 

T6000B centrifuge at lOOOxg at 4°C for 10 minutes with the 

break off, it was resuspended carefully in 5ml of cold TSS 

solution by short vortexes. The competent cells could be 

kept on ice until used for the transformation experiments for 
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up to 6 hours. Competent E. coli DH5aF' cells were used for 

transfection experiment with M13mpl8/19 recombinants were 

prepared using the same procedure as described above. 

Transformation 

Competent DH5a cells (200f*l) and 33ng of recombinant 

pUC18 (20\il equal to 1/3 of diluted ligation mixture) were 

added to the bottom of a sterile 1.5ml polypropylene 

microfuge tube. The tube was inverted in order to mix the 

contents well and placed on ice for 10 minutes. Next the 

tube was placed in a 42°C water bath for 2 minutes. One 

milliliter of YT broth was added to the cell suspension and 

it was incubated at 37°C for 1 hour in a New Brunswick G25 

shaker incubator (250rpm), in order to allow the E. coli 

cells to express the plasmid-based phenotypes. YT plates 

with the proper antibiotics (e.g. ampicillin at 50|ig/ml) were 

used to select for transformants. Ten microliters of lOOmM 

IPTG (which is a gratuitous inducer of the lac promoter used 

to express the P-galactosidase a subunit gene in the pUC 

plasmids) and 50fil of 2% X-gal (which is a substrate for (5-

galactosidase) were added to the YT/ampicillin plate and 

spread evenly over plate with a sterile glass "hockey stick". 

This was allowed to soak in for 15 minutes. Transformed 

cells were poured onto the plate and spread evenly. The 

liquid was allowed to soak in for about an hour. The plate 
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was then placed at 37°C overnight. 

Tooth pick transfer 

E. coli transformants that grew on the initial selective 

plates (ones carrying resistance to the selective antibiotic) 

and produced white colonies, were patched onto an additional 

selective agar plate, called the "master plate". This was 

carried out using autoclaved tooth picks and the plate was 

incubated at 37°C overnight. Master plates were used later 

for large-scale plasmid isolations (Fig. 3,4). 

Alkaline lysis plasaid isolation method 

In order to identify a recombinant E. coli subclone 

harboring the selected segment of the bovine genome, it was 

necessary to carry out the alkaline lysis method to isolate 

recombinant plasmids for physical characterization. 

Culture tubes containing 5cc of LB broth were inoculated 

with single bacterial colonies from the master plate using a 

sterile inoculation loop. The cultures were incubated at 

37°C overnight in a New Brunswick G25 shaker incubator 

(250rpm). Cells from 3.0cc of the overnight culture were 

collected by centrifugation (two centrifugations using the 

same 1.5ml microcentrifuge tubes), in a bench top 

microcentrifuge at top speed for one minute at room 

temperature. The pellets were resuspended in 100ml of ice-

cold solution A (containing 50mM glucose, 10mM EDTA, 25mM 

Tris-HCl, pH 8.0 and 6.0mg/ml lysozyme). This suspension was 

incubated at room temperature for 5 minutes. 
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Figure 3. Grid used for antibiotic screening of bacterial 

transformants containing a possible recombinant plasmid DNA. 

One transformant is streaked in each numbered quadrant. 
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Figure 4. An example of results obtained from a selection 

of trans formarvts carrying a plasmid with the ampr gene 

patched onto the plate. Black stripes represent colony 

growth. The absence of growth indicates inactivation of the 

ampr gene by inserted DNA fragment(s). 
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The functions of the components of solution A are: 

Lysozyme degrades the cell wall; EDTA is chelater which 

removes divalent cations which are required for the nucleases 

activities. Glucose maintains the proper osmotic conditions. 

Tris-HCl at pH 8.0 is a buffer which maintains the alkaline 

conditions necessory to inhibit prevent nuclease activities. 

The lysed bacterial cells were treated with 200jil of 

freshly prepared solution B (containing 0.2N NaOH and 1.0% 

SDS). 

The functions of the components of solution B are: 

NaOH for the alkaline denaturation of nucleic acids 

(chomosomal DNA or RNA), small plasmids being more 

resistant; and SDS is a detergent which dissolves the plasma 

membrane and denatures proteins. 

After the contents of the tubes were mixed by inverting 

each microfuge tube two or three times rapidly, the tubes 

were stored on ice for 5 minutes. A one hundred and fifty 

microliter volume of an ice-cold solution of potassium 

acetate (pH 4.8) was added and the contents were again mixed 

by rapidly inverting the microcentrifuge tubes 2-3 times. 

The tubes were stored on ice for 5 minutes. The low pH and 

high molarity of the acetate buffer act to neutralize the 

alkali and help the denatured proteins and chomosomal DNA to 

fall out of solution. The resulting mixture was centrifuged 

at top speed for 5min at 4°C in a microcentrifuge tube. The 

supernatant was then transferred to a new microcentrifuge 
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tube to which a 450^1 volume of phenol:chloroform solution 

was added. The contents were then vortexed. The mixture was 

centrifuged at top speed for 2min and the aqueous phase 

transferred to a new microcentrifuge tube. Then 750y,l of 

cold 100% ethanol (-20°C) was added to each tube and the 

samples were vortexed. These were then centrifuged at top 

speed for 10 minutes at 4°C. After removing the supernatants 

with drawn out Pasteur pipettes, 1ml of 70% ethanol (-20°C) 

was added to each sample and the tubes were inverted once. 

These suspensions were then recentrifuged at top speed for 5 

minutes-, at 4°C. Supernatants were removed and pellets were 

dried in a Speed Vac®1 vacuum concentrator. Dried pellets 

were each dissolved in TE buffer. A 30|il volume of TE (pH 

8.0), containing 25pg/ml heat-treated RNase, was added to 

each tube. RMase-treated samples were briefly vortexed and 

placed at 65°C in a water bath for 10 minutes. Agarose gel 

electrophoretic analysis of these samples was then performed. 

Gel 5x loading buffer (2pi) was added to 3|il of each of these 

rapid plasmid preparations with 5|il of sterile distilled 

water (10|il total volume). The samples were loaded into the 

wells of the gel. Undigested pUC18 as well as X DNA Eindlll 

fragments, were used as molecular weight markers for the 

identification of recombinant plasmids. Samples were 

electrpphoresed at 80 volts until the bromophenol blue 
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migrated 2/3 of the length of the gel. Following 

electrophoresis, the agarose gel was stained with ethidium 

bromide and a photograph of the gel taken. Unused portions 

of the plasmid preparations were stored at -20#C. 

Physical characterisation of recombinant clones 

Subclones carrying sizable inserted DNA fragments are 

readily identified by their relative migration as shown by 

agarose gel electrophoretic analysis. 

Unused portions of the samples of plasmid preparations 

were digested with the same restriction endonuclease used for 

the cloning experiment (XbaI). Loading buffer was then added 

to these digested samples and agarose gel electrophoresis 

(0.8% agarose gel for digested samples) was performed. 

Digested vector DNA, X HindiII fragments and cleaved target 

phage DMA fragments were used as the molecular weight markers 

for the identification of the desired subclone(s). The 

agarose gel was stained with ethidium bromide and then 

photographed. For further confirmation of the result, 

Southern blotting and hybridization were performed (15 ml 

volume of hybridization solution, at 50°C for 16 hours as 

described before), then the membrane was washed 2x at room 

temperature with 2.5xSSC, 0.1% SDS and 1 time at 50°C. The 

membrane was then autoradiographed. 
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Large scale isolation of recombinant E. coli plasmid 

vectors 

Recombinant plasmid pUC18 DNA was isolated by the 

CsCl/ethidium bromide equilibrium centrifugation method. 

E.coli strain DH5a carrying the desired pUC18 plasmid was 

cultured overnight in 50ml LB broth. One liter of LB broth 

in a 2.8 liter Fernbach flask was inoculated with 50ml of the 

overnight culture and incubated in a New Brunswick shaker 

incubator at 250rpm at 37°C overnight in order to allow the 

amplication of the E. coli plasmid. E. coli cells were 

harvested by centrifugation in a Sorvall GS-3 rotor at 6084xg 

(6,000rpm) for 6 minutes at 4°C. Harvested cells were 

suspended once in 20ml volumes / liter culture of 0.15M NaCl 

to rinse away residual LB broth and transferred to 45ml Oak 

Ridge style tubes (2 tubes per liter of culture). The cells 

were collected again in an SA600 rotor at 5211xg (6fOOOrpm) 

for 5 minutes at 4*C. The pellet in each tube was then 

treated with 2ml lysozyme (5mg/ml) plus 10ml of 25% sucrose, 

50mM Tris-HCl (pH 8.0) for 5 minutes at 0*C. An incubation 

for another 5 minutes after the addition of 4ml of 0.25M 

Na2EDTA (pH 8.0) followed. Next, 5ml of a 5M NaCl solution 

and 2ml of 10% sodium dodecyl sulfate (SDS) were added in 

quick sumles8ion and mixed thoughly. The mixture was 

incubated for 2 hours in a cold room on ice and centrifuged 

at 4*C in an SA600 rotor at 38,230xg (16,350rpm) for 1 hour. 

The supernatant containing the plasmid DNA was precipitated 
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by adding an equal volume of isopropanol and placed in a dry 

ice/EtOH bath for 20 minutes or until it was frozen solid. 

The contents were thawed in a tray of tap water and the 

precipitate was collected by centrifugation in a GSA rotor at 

10,410xg (8,000rpm) for 20 minutes. The resulting pellet was 

dissolved in TE buffer containing 20|ig/ml of heat-treated 

RNase with vigorous stirring. The mixture was centrifuged at 

14470xg (10,000rpm) in an SA600 rotor for 10 minutes and the 

pellet discarded. CsCl was added at an equivalent of 

1.06g/ml of supernatant. Samples were transferred to Sorvall 

Ultracrimp ultracentrifuge tubes and ethidium bromide added 

to a final concentration of 0.5mg/ml. Ultracentrifuge tubes 

were carefully balanced (± 0.02g) and properly sealed. These 

sealed ultracentrifuge tubes were then centrifuged at 

118,700xg (36,000rpm) in a Sorvall T-1270 rotor at 15°C for 

40 hours. The supercoiled DMA band was collected with a 

syringe and needle through the side of the tube and extracted 

several times with isobutanol (saturated with TE) to remove 

the ethidium bromide. CsCl was removed by ethanol 

precipitation as follows. The plasmid containing CsCl 

solution was diluted with two volumes of ddH20 and 

transferred to siliconized Corex®4 tubes. Then, 9 volumes of 

ice-cold absolute ethanol was added to precipitate the DNA. 

The tubes were vortexed well and placed at -70°C for 10 

minutes. The precipitate was collected at 8,000rpm for 15 

minutes and redissolved in 150til/tube of 0.3M sodium acetate. 
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Plasmid samples were transferred to 1.5ml sterile 

microcentrifuge tubes and the alcohol precipitation repeated. 

This was followed by a 1.0ml of 70% EtOH wash, and the pellet 

was dried in vacuo. The plasmid was redissolved in 1.0ml TE 

buffer and the DNA concentration calculated from the A260 (1 

absorbance unit>50|ig/ml double-stranded DNA) using a Beckman 

DU-40 spectrophotometer. Plasmid DMA preparations were 

properly labeled and stored at -20°C. 

Screening for restriction endonuclease cleavage sites 

Approximately 10ng of plasmid DNA was digested with the 

selected enzyme (Xbal). An 0.8% agarose minigel 

electrophoresis analysis at 80 volts for 1 hour was performed 

on a small quantity of sample (0.5|*g) to verify that the 

purified plasmid has the expected DMA fragment cloned into 

it. The gel was stained in an ethidium bromide solution and 

destained in deionized water. DNA bands were visualized 

using a long-wave UV radiation. The remainder of the sample 

was then EtOH precipitated. One-half microgram of Xba-

digested plasmid DMA was used for the purpose of screening 

the fragment for restriction endonucleases cleavage sites 

(these enzymes usually had one cutting site on the multiple 

cloning site of pUC1®). A 1% agarose long-gel 

electrophoresis was performed at 29 volts for 14 1/2 hours. 

The agarose gel was stained with EtBr, destained with 
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deionized water, photographed and the gel was subjected to 

Southern blotting. The blotted membrane was then subjected 

to hybridization (at 50°C with 15ml of the hybridization 

solution for 16 hours, washed 2x at room temperature and lx 

at 50°C with 2.5xSSC, 0.1% SDS) to verify which fragments 

resulting from the digestions of the inserted bovine fragment 

bound the tRNA gene probes. 

Subcloning DMA fragments into M13apl8/19 

Five hundred nanograms of Ml3mpl8/19 and l.Spg of target 

DNA were digested with 2 selected enzymes (Xbal and Sinai). 

After digestion, this mixture of DNA was subjected to the 

phenol extraction and ethanol precipitation. A 1% agarose 

minigel electrophoretic analysis at 80 volts for 1 hour was 

performed on 0.5pg of the digestion mix to verify the 

recovery of DNA and the completion of the restriction 

reactions. For the ligation reaction (15pl) total, a 5x 

ligation buffer (25% PEG-8,000, 50mM MgCl2, 5mM ATP, 5mM DTT, 

and 250mM Tris-HCl, pH 7.6) was used. Two hundred nanograms 

of digestion mix (phage + target DNA with the ratio of vector 

to target DNA, at 1 to 3, respectively), and 10 units (lfil) 

of T4 DNA ligase was added to 3|il of 5x ligation buffer in 

order to initiate the reaction. The ligation reaction was 

run overnight and was stopped by adding 30ji,l of TE buffer. 
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Five hundred microl iters of an overnight E. coli DH5aF' 

culture were transferred to 50ml of fresh YT broth and the 

diluted culture was incubated at 37°C in a New Brunswick 

625 shaker incubator at 250rpm for 3 to 4 hours. After the 

absorbance at 550nm (A550) of the bacterial culture reached 

0.45, the bacterial suspension was transferred into a 50ml 

polypropylene sterile tube and was placed in an ice water 

bath, for 20 minutes. E. coli cells were harvested by 

centrifugation at 4°C in a Sorvall T6000B centrifuge at 

lOOOxg for 10 minutes with the break off. Cell pellets were 

carefully resuspended in 5ml of cold TSS solution by short 

vortexes. The tube containing the suspension of competent 

cells was put on ice, and it was ready for use in 

transfeetion experiments. 

Transfeetions were performed in 1.5ml sterile 

microcentrifuge tubes. three hundred microliters of 

competent E. coli DH5aF' cells and 17ng of recombinant M13 

(15|il equal to 1/3 of the diluted ligation mixture) were 

added to the bottom of a sterile microcentrifuge tube. The 

tube was inverted and placed on ice for 30 minutes. Then the 

E. coli cells were heat shocked for 2 minutes by placing them 

in a 42°C water bath. Sterile top agar (0.6%) was prepared 

in advance. Each sterile capped tube was filled with 3ml of 

melted liquid top agar and then was transferred to a 42°C 

water bath. For each experiment, 200|il E. coli DH5aF' lawn 
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cells, 50|il 2% X-gal and lOjil lOOmM IPTG were added. Both X-

gal and IPTG were added to these capped tubes before adding 

the transfection mixture. E. coli lawn cells were added 

last. The transfection mixture was devided into 50|il and 

265|il portions and added to separate sterile capped tubes. 

The tubes were swirled gently, inverted and the entire 

contents poured onto the YT agar plates. The plates were 

then rotated so as to get even coverage by the top agar over 

the whole plate. After the top agar solidified, YT plates 

were inverted and then incubated at 37°C overnight. In 

general, recombinant Ml3 phage gave rise to colorless plagues 

on E. coli lawn cells after 6 to 8 hours. 

Preparation of single-stranded templates for DMA 

sequencing 

E. coli DH5aF' was used as the bacterial host for the 

propagation of Ml3mpl8/19 derivatives. A 5ml tube of YT 

broth was inoculated with lOOp.1 of an overnight DH5aF' 

culture and a single colorless plague (recombinant Ml3) was 

transferred from a YT agar plate to this diluted E. coli 

culture with a sterile Pasteur pipette. After this 

inoculation with recombinant phage, the E. coli cultures were 

incubated at 37® C in a Mew Brunswick G25 shaker incubator 

(250rpm) for 5 hours. Following infection of the E. coli 
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host DH5aF', the plus strands made from the RF are packaged 

and secreted as a single-stranded DMA phage. Secreted 

recombinant phage were collected in 5ml polypropylene tubes. 

For every recombinant phage, 3.6ml of lysate was centrifuged 

at top speed for 8 minutes. Supernatants were transferred 

to new polypropylene tubes and centrifuged again at top speed 

for 8 minutes. Supernatants were again transferred to new 

polypropylene tubes. Nine hundred microliters of 20% 

PEG/2.5M NaCl solution was added to each tube and tubes were 

vortexed and incubated at room temperature for 15 minutes. 

In order to collect the recombinant phage, these tubes were 

centrifuged at top speed for 8 minutes and the supernatants 

discarded. Pellets were resuspended in lOOfil of TES buffer 

(containing lOmM NaCl, O.lmM Na2EDTA and 20mM Tris-HCl, pH 

7.5). Suspensions were vortexed for 2 to 3 minutes. Phenol 

extraction and ethanol precipitation followed. For each 

sample, lOOpl of phenol was added. The mixture was vortexed 

and centrifuged at top speed for 2 minutes. The lower phase 

was removed and the aqueous layer extracted with lOOpl of 

chloroform. Samples were vortexed briefly and centrifuged at 

top speed for 2 minutes. Next, 80p.l of the upper phase was 

carefully transferred to a new tube. Nine microliters of 3M 

sodium acetate was added to each tube and the samples were 

vortexed for 30 seconds. Two hundred microliters of 100% 

EtOH was then added. Suspensions were vortexed again for 30 
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seconds. Samples were placed in dry ice/ethanol bath for 10 

minutes and centrifuged at top speed for 10 minutes at 4°C. 

Supernatants were removed. Each pellet was washed with 1ml 

of 70% ethanol, frozen at -70°C for 5 minutes and 

centrifuged at top speed for 5 minutes at 4°C. The pellets 

were then dried using a Speed Vac®* vacuum concentrator and 

resuspended in 30̂ 1 TE buffer. Dissolved samples were 

vortexed for 1 to 2 minutes and incubated at 65°C for 10 

minutes. Samples were again vortexed for 2 to 3 minutes and 

centrifuged briefly before placing at -20°C. in order to 

verify the quality and quantity of single-stranded DMA 

template, agarose gel electrophoresis was performed. For 

each recombinant Ml3 template sample, a 3fil volume of the 

phage DMA preparation, 2nl of a 5x loading buffer and 5|tl of 

ddH20 were mixed and loaded onto a sample well on an agarose 

gel (1%). The electrophoresis was carried out at 80 volts 

for 3 hours. The agarose gel was stained in EtBr solution 

for 20 minutes and destained in deionized water for 20 

minutes. The gel was photographed and each sample was 

assigned an individual clone number. 

Dideoxyribonucleotide DMA sequencing reactions using 

•ingle-stranded templates 

Nucleotide sequences of these Ml 3 derivatives were 

determined by the method of Sanger, et al.*7, using 
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Sequenase" version 2.0 DNA sequencing kits (United States 

Biochemical). The sequencing primer used was the Ml3mpl8/19 

-40 primer. Single-stranded DNA templates were used for the 

sequencing reactions. 

DNA sequencing reactions (in sets of 12 M13mpl8/19 

derived samples) were performed as follows: The annealing 

mixture was prepared using 13f*l of primer solution, 26fil 

sequencing buffer and 26|il sterile water (65|il total). Five 

|il of this diluted primer was then distributed to each of 

twelve 500fil microcentrifuge tubes, each already containing 

5|A1 of single-stranded DNA template. These samples 

containing the primer/template annealing mixture were next 

placed at 65°C in a water bath for 2 minutes and then allowed 

to slowly cool to less than 35°C. This was amlomplished by 

transferring them to a plastic tray filled with water removed 

from the 65°C water bath and allowing this to cool on the 

bench at room temperature. This step routinely required 

approximately 30 minutes. 

While waiting for the annealing mix to cool, the 

termination tubes were labeled and filled. There were four 

tubes, labelled G/A/T and C, for each DNA template to be 

sequenced. Thus, 12 sets of sequencing reactions required 

forty-eight 500pl microfuge tubes. One of four 

dideoxyribonucleotides (ddGTP, ddATP, ddTTP, ddCTP) was 
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distributed into each of the four sets of twelve 500|il 

microcentrifuge tubes. Two and one-half microliters of 

dideoxyribonucleotides was used for each termination reaction 

tube. 

The labelling solution was prepared by mixing 13 til DTT 

(0.1M), 22.8|tl ddH20r 5.2|il labelling mix and approximately 

65|iCi (6.5|ilxlO|iCi/H.l)35s-dATP (total volume of 45.5|il). 

three and one-half microliters of the labelling solution was 

transferred to each of the twelve reaction tubes containing 

the primer/tempiate mix. 

SequenaseBi (3.3pl) was diluted with 21.5|il of the 

Sequenase®1 Dilution Buffer, and 1.7|tl of Pyrophosphatase 

Solution (provided by the manufacturer). Two microliters 

(out of a total of 26.4jtl) of the diluted Sequenase was added 

to each reaction tube. Samples were mixed by pipetting the 

contents up and down in a pipette tip several times and 

incubated for 4 minutes at room temperature. For each 

template utilized, the final volume of the reaction mixture 

was 15.5jil. 

The termination tubes, containing dideoxyribonulceotides 

(ddGTP, ddATP, ddTTP, ddCTP) were prewarmed at 37°C. three 

and one-half microliters of each labelling reaction mixture 

was then added to a set of four termination tubes (G,A,T,C). 

These samples were mixed using a pipetor. Four microliters 
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of stop solution was added to each of the 48 reaction samples 

after incubation at 37°C for 30 minutes. All forty-eight 

samples were briefly centrifuged for 10 seconds in order to 

collect them to the bottom of the microcentrifuge tubes. In 

order to avoid confusion when loading samples onto sequencing 

gels, all 12 sets of reaction samples were placed back in 

acrylic racks according to the individual sample numbers 

assigned to each set of samples and following the G, A, T and 

C order.- A sheet of Saran Wrap was used to cover the rack 

and samples were kept at -20°C until used. 

DMA sequencing gel electrophoresis 

Sequencing gel electrophoresis was performed at 1,500 

volts using 6% denaturing DNA sequencing gels. These 

sequencing gels were pre-electrophoresed for 1 hour before 

loading the samples. The well area was then rinsed with 

buffer to remove unwanted urea which had diffused from the 

gel. When pre-electrophoresis was nearly complete, 

sequencing samples were placed in a 90°C waterbath for 2 

minutes. They were then immediately transferred to racks in 

a 0°C water-ice slurry. Samples were loaded onto the gel 

using a lOpl Hamilton syringe with a 32-g... needle. The 

Hamilton syringe was rinsed several times with deionized 

water between each sample loading. The reaction mixture 

samples were loaded following the order of G,A,T and C. One 

lane was skipped before loading the subsequent set of four 

samples. three microliters of the reaction mix was loaded 
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onto each gel lane. 

Autoradiography of Dim sequencing gels containing 35S-

labeled nucleotides 

DNA sequencing gels were transferred onto Whatman 3MM 

paper. After being covered in plastic wrap, they were dried 

for one hour at 75°C using a vacuum gel drier. Because urea 

forms crystals when the gel dries, it is a good idea to leach 

the urea from the gel by soaking the dried gel in a 10% 

acetic acid, 12% methanol solution for 15 minutes. The gel 

was then removed carefully from the solution and covered in 

plastic wrap once again. After complete drying of the gel 

using a vacuum gel drier for an additional 90 minutes, the 

gel was exposed to Kodak X-OMAT AR x-ray film at room 

temperature. The dried gel was placed in a film cassette in 

a dark room and a piece of X-ray film was placed on top of 

the dried gel. The time of the exposure varied depending 

upon the relative amount of the a35S-dATP label incorporated 

into the DNA samples. Typically, a two-day exposure was 

enough to obtain a good autoradiogram. Films were developed 

in a dark room and the nucleotide sequences shown on these 

autoradiograms were read. Any Ml3 sequences identified by 

using the DMAsis software program were deleted. 
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Safety precautions 

Radioactive waste was discarded properly according to 

radiation safety rules, and appropriate precautions were 

taken for safety when hazardous materials or high voltage 

power were used. 



CHAPTER III 

RESULTS 

Overall experimental rationale and design 

The initial overall experimental goal was to isolate and 

characterize bovine tRNA gene loci exhibiting high levels of 

associated DNA sequence polymorphism (RFLP PIC values of 

greater than 0.5) or those associated with polymorphic 

microsatellite sequences. Single locus probes from the tRNA 

gene's flanking regions could then be utilized for more 

detailed RFLP analysis and for making syntonic assigments. 

As part of this approach, an initial screening of bovine 

genomic DNAs from unrelated cattle of several breeds, 

digested with a number of restriction endonucleases, was 

carried out using synthetic multilocus glycine, proline and 

leucine tRNA gene probes. Initial hybridization data 

indicated that the three tRNA gene probes hybridized to very 

similar regions of the bovine genome and thus the 

autoradiograms generated exhibited substantial similarity 

with respect to the band patterns. The significance of this 

similarity and it's subsequent effect on our project goals is 

discussed in more detail below. Individual recombinant X. 

phage encoding segments of bovine chomosomal DNA hybridizing 

to these tRNA gene probes were then subjected to a series of 

physical manipulations to facilitate determining the DNA 
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sequences of relevant regions. Due to the number of regions 

homologous to tRNA gene probes in the bovine genome, the 

experimental plan was modified, and the goal changed to be to 

isolate and characterize bovine DNA segments related to the 

sequences of these synthetic tRNA gene probes (Fig. 5). 

Preparation of bovine genomic DNA samples 

Our laboratory has a collection of approximately 100 bovine 

genomic DNAs from different cattle breeds (e.g. Simmental 

Brahman, Hereford, Angus, Simbrah and Charolais). Genomic 

DNAs derived from fresh bovine blood samples which have been 

procured from individuals of these 6 breeds, were isolated 

from white blood cells by a method adapted from Anderson et 

al.M, as described in Materials and Methods. 

Multilocus probes for tRMA genes 

Oligonucleotide probes for tRNA genes (Table 4) were 

synthesized by our industrial collaborator (Biosynthesis, 

Inc., Lewisville, TX) based upon previously published 

sequences of mammalian tRNA genes (Fig. 6-8). 

DNA concentrations (pmol/pl) of the 6mer labelling 

primers for tRMA glycine, proline and leucine gene probes 

were determined by scanning the diluted samples using a 

Beckman" DU-40 spectrophotometer and calculated according to 

the formula: A260 units/0.01x6 where A260 was the absorbance 

of each diluted primer sample at 260nm, 0.01 was the dilution 

factor for pmol and 6 was the number of nucleotides in each 
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Figure 5. Flow chart showing the overall experimental 

approach used to isolate and characterize bovine DNA 

sequences binding to the synthetic tRNA Glyoml probe. 
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Table 4. Nucleotide sequences of template oligonucleotides 

and their respective labelling primers used for making probes. 

tRNA CXgonucteokte Primer Tm GC 
<C°) (%) 

Olycin* 5' OTT CMS TOG SAG AAT TCT CQC CTC CCA. COC 3' 5' GOG TOG 3' 89.85 57 

Proline 5' QIC TAG QOG TAT OAT TCT COC TTA GX3G TQC 3' 5' OCA CCC 3' 88.2 53 

Lamina 5' OOft 006 CKC TAA GQC OCT OOh TTA 106 CTC 3' 5' GAG CCT 3' 91.08 60 
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Figure 6. Human glycine tRNAani gene in the clover leaf 

conformation. The line (—) represents the region from which 

the probe has been made. The line (a) represents the region 

of Pol III "A" BOX promoter. The "B" BOX promoter region is 

from nucleotides 50 to 60 (not shown). 
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Figure 7. Bovine proline tRNApGG gene in the clover leaf 

conformation. The line (•••) represents the region from which 

the probe has been made. Pol III "A" BOX and NBH BOX 

promoter regions are from nucleotides 8 to 18 and 51 to 61, 

respectively (not shown). 
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Figure 8. Bovine leucine tRNAcAG gene in the clover leaf 

conformation. The line (—) represents the region from which 

the probe has been made. Pol III "A" BOX and "B" BOX 

promoter regions are from nucleotides 8 to 18 and 61 to 71, 

respectively (not shown). 
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primer. The DMA concentrations (pq/mL) of the 30mer template 

oligonucleotides for producing tRNA glycine, proline and 

leucine tRNA gene probes were calculated by scanning the 

diluted 30mer samples using a Beckman" DU40 spectrophotometer 

amlording to the formula: A260 unitsx36.5̂ /g/mlxl00 where A260 

units was the absorbance of each diluted 30mer sample at 

260nm, 3 6.5 jig/ml was the concentration of a single-stranded 

DNA with an absorbance of 1.0 at 260nm and 100 is the 

dilution factor used for each oligonucleotide sample (Table 

5). 

Radioactive probes were then made from the template and 

primer oligonucleotides and purified as described in 

Materials and Methods. After purification, the amount of the 

(a-32p)CTP incorporated in cpm (counts per minute) for each 

probe was determined by liquid scintillation. 

Preliminary RFLP analysis 

For each tRNA gene probes lOpg samples of bovine DNA 

from unrelated cattle of several breeds (Table 6) 

were digested with variety of restriction enzymes (e.g. 

Hindlll, Taql, HaeIII and Hinfl) and the resulting DNA 

fragments resolved by (1%) agarose long gel (22cm) 

electrophoresis, The DNA fragments were transferred to nylon 

membranes by the Southern transfer method as described ih 

Materials and Methods and were hybridized at the 

predetermined optimal temperature (56°C for the glycine 
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Table 5. Determination of the concentration of 30mer 

oligonucleotide templates and their primers. 

tRNA gene Oligonucleotide Primer 

probe 30mer (fig/fil) 6mer (ng/^1) 

Glycine 4.29 3.6 

Proline 5.28 3.6 

Leucine 3.46 2.9 



Table 6. Information about the unrelated cattle DMA 
donors 
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DMA Name Sex Breed 

S2 RX FROSTY JAKE 919 Simbrah 

S14 LI DOMINO Hereford 

S15 MAXIMIZER N Chianina 

S35 ANGELINA RED 3/4 Brahman 

C15 RX COCO Z03 Simbrah 

D20 RX BOLD FUTURE 159 Simbrah 
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probe). After hybridization/ the filters were washed and 

exposed to Kodak X-OMAT AR x - r a y film to determine probe 

binding. The membranes were stripped at 81°C and sequentially 

hybridized with leucine and then proline probes. This 

provided a preliminary estimate of the level of sequence 

polymorphism at the hybridizing loci. In all cases 

approximately 7-8 bands were generated for each of the three 

tRNA gene probes. This was exactly as we expected, since 

multiple copies of tRNA genes are known to exist in higher 

eukaryotes**'67. TaqI RFLPs showed significant polymorphism 

associated with the leucine tRNA gene probe (Fig. 9). 

Specific bands of the patterns could be followed from parents 

to the offspring (Fig. 10) in digested DNA samples obtained 

from related individuals (Table 7). However, the results 

also showed substantial similarity between the generated 

patterns of the bands for all three different tRNA gene 

probes. To see if this similarity was due to the residual 

binding of the previous probe to the membrane after 

stripping, new DNA samples were digested, transferred to 

fresh nylon membranes and then hybridized with a new probe. 

The results again confirmed the similarity of the patterns 

for all three tRNA gene probes. This was the first 

suggestion that either the genes for these tRNAs are 

clustered, as is often known to occur9°' or that the probes 

were all binding to a common sequence related in some way to 

tRNA genes. 
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Figure 9. Autoradiograph showing the results obtained by 

hybridizing ragl-digested DHAs from unrelated cattle of 

several breeds with the proline (on the left), glycine 

(center) and leucine (on the right) probes. DNAs were 

electrophoresed through 1% agarose and transferred to nylon 

membranes prior to hybridization, cattle ID numbers are 

shown above each lane. 
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Figure 10. Autoradiograph showing the results obtained by 

hybridizing ffiiifI-digested DMAs from related individuals with 

the glycine tRNA probe. Bands in the profiles of the C41 

(sire) DNA sample and D29 (dam) DNA sample can be followed to 

the profile of the offspring's (C30) DMA sample. 
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Table 7. Pedigree information about the cattle used as DNA 

sources in this study. 

DNA 
donor 

Name Tattoo/Sex Breed 

SIRE C41 

C313 

DAM C24 

RX POLLED BANNER Z02/M 

RX TEN ANN Y90/F 

Simbrah 

Simbrah 

Simbrah 

SIRE C41 RX POLLED BANNER 

C30 RX BANNER'S 

DAM D29 RZ MS H S 

Z02/M 

B200/M 

Y99/F 

Simbrah 

Simbrah 

Simbrah 

SIRE B12 

B1 

DAM D24 

RX COGNAC 

MISS IC 

P202/M 

Y900/M 

N49/F 

Simbrah 

Simbrah 

Simbrah 

SIRE S17 

DAM 

SOUTHERN COMFORT 

C307 

B9 RX RED FLAG T528/F 

Simbrah 

Simbrah 

Simbrah 

SIRE C41 RX POLLED BANNER Z02/M Simbrah 

C26 RX MS BANNER B213/F Simbrah 

DAM D31 RX 13S HONCHO X800/F Simbrah 
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DMA 
donor 

SIRE S38 

DAM 

S34 

Name 

WARDS BRAVO 

MISSISSIPPI 

Tattoo/Sex 

M 

M 

CAMELLIAS RED QUEEN F 

Breed 

Brahman 

3/4 Brahman 

Simbrah 

SIRE 

DAM B2 

D29 

ATI HONCHO SUPREME M12R/M 

RX MS B S 

RX SARITA 

Y99/F 

R315/F 

Simbrah 

Simbrah 

Simbrah 

SIRE S5 RED JAKE MANSO 19/M 

S2 RX FROSTY JAKE 919/M 

DAM WHS MISS J198/F 

Brahman 

Simbrah 

Sinn 

SIRE 

DAM 

POLLED ABUNDANCE N-132/M 

D21 BS NAIL Z490 AB. 490ZHN/M 

RX MS NELOR S468/F 

Siitm 

Simbrah 

Simbrah 

SIRE 

DAM 

MR 3D LIBERTY 324/5 T324/M 

B19 RX AMBER Z010/F 

RX MS COGNAC 60 T60/M 

Simbrah 

Simbrah 

Simbrah 

SIRE S5 RED JAKE MANSO 19/M 

S2 RX FROSTY JAKE 919L/M 

DAM WBE MISS J198/F 

Brahman 

Simbrah 

Sinan 
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DMA 
donor 

SIRE C41 

DAM B4 

Name Tattoo/Sex 

RX POLLED BANNER Z02/M 

C302 C302/F 

RX RDM & COKE T523/F 

Breed 

Simbrah 

Simbrah 

Simbrah 

SIRE 

DAM 

ROJO 

C4 LUCYS 

RX MS ARTHUR 

N7R 

R391/F 

936L/F 

Simbrah 

Simbrah 

Simbrah 

SIRE 

DAM 

C & B WESTERN 

B26 RX MS WESTERN 

MISS RX 803 

JWR61F/M 

N126/F 

803K/F 

Siora 

Sinm 

Simbrah 

SIRE 

DAM 

MN MR RED MAYRO 257/2/M 

S10 RX CAPIRO S403/M 

RX MS JAKE 908/F 

Brah 

3/4 Brah 

Simbrah 

SIRE 

DAM 

MN MR. RED MAYRO 986/M 

S13 RX SPECKLES MAYRO M 

RX MS JAXE 908/F 

Brah 

3/4 Brah 

Simbrah 
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Plaque screening of the nitrocellulose membranes 

After the bovine genomic library in X phage was plated 

out and sequential lifts labelled as "a", "b" and "c", 

performed from individual plates, the plagues which have been 

transferred to 80 nitrocellulose membranes by members of Dr. 

Robert pirtle's lab (UNT) were hybridized with the glycine 

tRNA probe using a hybridization temperature of 58°C. 

Numerous spots of probe binding were observed on each of the 

films. The patterns of these spots were not consistent when 

multiple lifts from single plates were compared and it 

appeared that the probe was binding almost randoccy to the 

membranes. Few if any of the spots which were observed with 

the "a" lifts, were reproduced on "b" or "c" lifts. The 

random nature of the results were similar for the proline and 

leucine probes, after stripping the membranes at 81°C. By 

increasing the temperature of hybridization to 65°C we 

obtained fewer spots, but the locations of putative plaques 

were still unreproducible. The total number of spots was also 

much greater than we expected, based upon the total number of 

plaques /plate, the insert size and the anticipated tRNA gene 

frequency in the bovine genome (Fig. 11). Given the 9-22kb 

insertion size in the recombinant X phage and having 50,000 

plaques per plate, we would expect to have no more than 2-3 

hybridizing loci for each tRNA gene per each plate. The 

number of spots observed was more than 100/plate. The 

nitrocellulose membranes were suspected to have something 
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Figure 11. Autoradiograph showing the results obtained by 

hybridizing plaques transferred to nitrocellulose membranes 

with the glycine tRNA probe. The top left and right 

autoradiographs show "a" and "b" lifts, respectively, which 

were hybridized at 64°C. The bottom left and right 

autoradiographs show the same "a" and "b' lifts, 

respectively, which were hybridized at the more stringent 

temperature of 65°C. 
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bound to them which in turn was binding to the probes. All 

solutions were made fresh again and autoclaved. The purity 

of the radioactive probes was estimated by electrophoresis. 

The glycine tRNA probe was analysed by polyacrylamide gel 

electrophoresis and showed the anticipated single band of the 

the same size as the template oligonucleotide 30mer. Fresh 

nitrocellulose membranes were used for another hybridization 

series and the results obtained were as before. 

Preparation a working library 

A portion of the custom bovine genomic library which had 

been constructed in the X. FIX II vector was made available to 

us by Dr. Pirtle. The Lambda FIX II vector genomic library 

had an insertion size range of 9-22kb with the bovine DNA 

fragments cloned into the Xhol site (and could be excised 

with IfotI) (Fig. 12). 

A working library was produced by making a 10-fold 

dilution of the original bovine genomic library. A portion 

of the working library (diluted original library) was 

serially diluted to a range of factors of dilution (10-2, io-* 

and IO-5 which gave 10-3, 10-5 and 10** final dilution factors 

from the original library). Different quantities of the 

tube containing the 10-5 dilution factor were then used for 

the transfection of 200 pi of log phase E. coli XL-Blue MRA 

(P2) cells which were then spread on NZY plates. The plates 

were incubated at 37°C for 6-8 hs. The number of plagues on 
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Figure 12. Restriction endonuclease map of the lambda FIX 

II replacement vector. Each letter or pair of letters 

represents a different enzyme; B represents cutting sites 

for the Bglll restriction enzyme, R: Kpnl, X: Xbal, sc: SacI, 

N: HotI, SI: Sail, Xh: Xhol and E represents EcoRI. The 

numbers are locations in kb. 
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Table 8. Determination of the pfu/ml of the working library. 

Dilution Volume used # of pfu/ml of the 
factor (yl) pfu/plate original library 

10-5 5 500 1x1010 

8.75x109 

(average) 

10"5 20 1500 7.5x109 
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each plate was then counted and the pfu/cc of the working 

library was determined (Table 8). The appropriate volume of 

lO"5 diluted working library which gave 30,OOOpfu/plate was 

calculated. For convenience, since the required volume was 

low, an additional ten-fold dilution was made to give the 

final dilution factor of 10~® from the working library. 

Plaque screening of the nylon-based a—branes 

Thirty-four microliters from the tube containing the 

10~6 dilution of working library (which gave 30,OOOpfu/plate) 

was plated with the 200jil of log phase host E. coli XLl-Blue 

MRA (p2) cells on N2Y plates. A total of 31 plates, called 

master plates (MA), were prepared. These plates were 

incubated at 37°C overnight. The resulting plagues were 

transferred to nylon-based membranes (Colonies/Plagues 

Screen" hybridization transfer membranes) as described in 

Materials and Methods. Two sequential lifts from each plate 

were marked as "a" and "b". The membranes were hybridized 

with the glycine tRNA probe at a hybridization temperature of 

58*C. They were washed and then exposed to film. The 

plaques with the strongest signals on the film (called "A" 

and "B") from plate # 10 (called "MA 10.0") were determined 

and pulled for secondary screening. After placing the plate 

from which the lift was taken over the x-ray film, an agar 

plug containing the positive region was pulled out and was 

placed in 1ml of SM buffer solution to which 20pl of 
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chloroform had been added. This was repeated for other 

positive plague region. The resulting phage suspensions were 

diluted and titered with the host E. coli XLl-Blue MRA (P2) 

cells on NZY plates and the pfu for each phage suspension 

determined. The "A" plague suspension was then replated with 

the host E. coli XLl-Blue MRA (P2) cells on an NZY plate and 

labelled "MA 10.1 A" at 30,000pfu/plate. After plague lifts 

were made and hybridization performed on the membranes at 

56°C, seven spots, labelled "A" to "G", were observed on the 

film. For tertiary screening, spot "F" was selected and 

replated on an NZY plate labelled "MA 10.2 AF" at 

approximately 60 pfu/plate. One positive plague was obtained 

and was designated "A". The spot "A" was selected and 

replated on an NZY plate labelled "MA 10.3 AFA" to 

approximately lOOpfu/plate. All plagues were positive for 

the glycine tRNA gene probe (50°C). The positive plagues on 

both the "a" and "b" lifts could be lined up reproducibly 

(Fig. 13). 

Large scale preparation of recombinant bacteriophage X 

One mole of X is 6.022x10^3 phage. A phage particle is 

egual to 32,011,320 Daltons (g/mole). So one bacteriophage 

lambda weighs 32,011,320/6.022xl0^3g/X, which is egual to 

5.31xl0~14mg. To obtain approximately one mg of X, the 

number of phage particles required should be around 1013. 
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Figure 13. Autoradiograph showing the results obtained by 

hybridizing plagues transferred to nylon membranes with the 

glycine tRNA probe. Membranes MA 10.1 Aa and MA 10.2 AFa are 

shown at the top left and right sides, respectively. MA 10.0 

a and MA 10.3 AFAa are shown at the bottom left and right, 

respectively. 
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A-Infection at low multiplicity! 

One plague from the plate "MA 10.3 AFA" was pulled out 

and placed in SM buffer solution. The titration procedure 

was performed and the concentration of phage in the 

suspension was calculated to be 4xl05pfu/ml. One hundred 

microliters of phage suspension was plated out with 200̂ ,1 of 

host E. coli XLl-Blue MRA cells (these cells were used 

because at this step, selection for recombinants vs non-

recombinants was no longer necessary) on NZY plates to give 

4x104pfu/plate (confluent lysis on 100mmxl5mm plates). The 

plates were incubated overnight at 37°C. with the wide end 

of an autoclaved pasteur pipette a small segment from the 

plate was cut out and put in 1ml of SM buffer. The titration 

procedure was performed and the concentration of phage in the 

suspension was calculated at 1.46x10®pfu/ml. Thee hundred 

and forty-two microliters of this suspension, which had 

5xl07pfu, was used to infect 1010 host bacterial E. coli MRA 

cells amlording to the method for infection at low 

multiplicity. The standard method for purification of 

bacteriophage, adapted from Maniatis and as described in 

Materials and Methods, was then carried out. The phage yield 

after the final extraction of bacteriophage was very low, 

around 9.6xl07 phage, insufficient to produce a band by CsCl 

equilibrium centrifugation. 

At this point 2% maltose was added to the NZCYM media in 
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order to help the production of X receptor by the host E. 

coli cells. The yield after the final extraction of 

bacteriophage particles was too low (1.3xl08) to produce a 

band in the CsCl gradient. 

B-Infection at high multiplicity: 

This method was used as an alternative and in this case 

the number of bacteriophage particles for initial infection 

(10l0) was high. in order to produce this number of phage 

particles for inoculation, the method for preparing plate 

lysate stocks was adapted from Maniatis as described in 

Materials and Methods. 

In order to produce confluent lysis on a plate 

(35,000pfu per 100imnxl5mm NZY plate), 87.5^1 of the original 

sample containing 4X105pfu/ml was used to infect 200^1 of the 

E. coli XLl-Blue MRA strain. After the procedure was 

complete and the phage were collected from the plate as 

described in Materials and Methods, the yield of the phage 

particles was a 6 ml suspension of 1.6xloHpfu/ml. For the 

infection at high multiplicity, the protocol suggested using 

a ratio of bacteriophage to bacterial cells of 1010 phage per 

4x10® cells. Despite the fact that the starting number of 

bacteriophage particles was 1010, the phage particles were 

apparently lost during subsequent isolation and the yields 

from the final extractions of bacteriophage were lower than 
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1010. To determine where losses were omluring, the number of 

infectious bacteriophage particles was determined in samples 

taken at various stages during the purification procedure. 

Some changes were then made to the protocol. As an 

example, after adding bacteriophage to the bacterial cells in 

the 2 liter flasks, the suspensions were mixed gently and 

placed in the 37°C incubator shaker. These were then let to 

stand for 15 minutes without shaking in order to allow the 

phage particles to attach more efficiently to the bacterial 

cells. The incubations were then continued at 37°C for 

several hours with gentle shaking (100 cycles/minute) instead 

of vigorous agitation, again to let the bacteriophage more 

readily infect the bacterial cells. Changes were also made 

in the method of phage purification utilized. Solid 

polyethylene glycol (PEG 8000) was added to each flask to a 

final concentration of 10% (W/V) and dissolved by slow 

stirring on a magnetic stirrer at room temperature. Next, 

instead of placing the flasks in cool ice water for one hour, 

the lysate from each flask was placed in a 500ml centrifuge 

bottle on ice and stored at 4°C overnight. This allowed the 

bacteriophage particles to form a precipitate more 

efficiently. The last change which was done to the protocol 

was to alter the ratio of bacteriophage to bacterial cells 

during infection. After trying different ratios, the ratio 

of phage particles to bacterial cells was set at 1 to 8, 

respectively. All of these changes allowed me to obtain 

final yields of purified bacteriophage particles of 
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Table 9. Description of X phage and plasmid clones carrying 

bovine genomic DNA produced in this study. 

Clone Description 

BGC-1 X. FIX II vector encoding a bovine genomic DNA 
segment which hybridizes strongly to the 
glycine tRNA gene probe but poorly to the 
proline and leucine tRNA gene probes. 

pBGC-A,Al, Xbal pUC18 subclones derived from BGC-1 X 
B,B1,C,C1 encoding 5.5 Kb of bovine genomic DNA which 

hybridizes strongly to the glycine but poorly 
to the proline and leucine tRNA gene probes. 

0BGC-18/19 Xbal/Smal Ml3mpl8/19 subclones derived from 
BGC-B1 pUC clone encoding 0.581 Kb of bovine 
genomic DNA which hybridizes strongly to the 
glycine but poorly to the proline and leucine 
tRNA gene probes 
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approximately 2.29x1013. The final phage bands were obtained 

from CsCl equilibrium centrifugation. The lambda phage 

stocks were prepared for storage by transfering approximately 

4ml aliquots of the phage suspensions to tubes with 40fil of 

chloroform and 300fil dimethylsulf oxide to give a final 

concentration 7% DMSO. These tubes were then kept at -70°C 

(BGC-1 clone, Table 9). 

C-Extraction of recombinant bacteriophage "k DNA: 

Approximately 3ml of solution containing bacteriophage 

particles was collected from the CsCl gradient tubes. CsCl 

was removed from the purified bacteriophage suspension by a 

method for isolating bacteriophage X DNA adapted from 

Maniatis as described in Materials and Methods. A total of 

340pg of DNA was obtained. 

Preparative scale cleavage of recombinant phage DMAs 

by restriction endonucleases 

One microgram of recombinant phage X DNA was cut with 10 

different enzymes: Alul, a-Taql, Hindlll, Hinfl, Bpal, Mspl, 

Pstl, Xbal and Xhol as described in Materials and Methods. 

The samples were subjected to minigel electrophoresis 

analysis following digestion. Agarose (0.8%) minigel 

electrophoresis was performed at 80 volts for one hour. 

After the gel was stained with ethidium bromide and 



114 

Figure 14. Photograph showing electrophoretic analysis of 

! recombinant X DNA (BGC-1) digested with 10 different 
I 
S 
jj restriction endonucleases. Lane 1, X marker; lane 2, Alul; 

lane 3, aTaql; lane 4, ffaelll; lane 5, Hindi 11; lane 6, 

: Hinflf lane 7, Hpal; lane 8, Ms pi; lane 9, PstI; lane 10, 

Xbal; lane 11, Xhol. 
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Figure 15. Photograph showing electrophoretic analysis of 

recombinant X phage DMA (BGC-1) digested with 6 different 

restriction endonucleases. Lane 1, BRL marker; lane 2, Mspl; 

lane 3, flaelll; lane 4, Hint I; lane 5, aTaq; lane 6, PstI; 

lane 7, Xbal; lane 8, Not I; lane 9, Hindlll cut X. marker. 
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photographed, the results showed that the DNA digested with 

AZuI gave a smear instead of bands, HindiII and Xhol didn't 

cut the DMA and Hpal cut the DMA into several large pieces 

with the fragments of similar size to be useful (Fig. 14). 

Two microgram samples of the recombinant X phage DMA were 

digested with six additional enzymes: Mspl, HaeIII, Hinfl, 

aTaql, Pstl and Xbal. The samples were then subjected to 

electrophoretic analysis. Agarose (0.8%) long gel (22cm) 

electrophoresis was performed at 29 volts for 17 hours. 

Afterwards, the gel was stained, photographed (Fig. 15) and 

subjected to Southern blotting as described in Materials and 

Methods. The blotted membrane was then subjected to 

hybridization at 50°C for 16 hours with the glycine tRNA gene 

probe. The membrane was washed and exposed to X-ray film at 

-80°C for 24 hours. The results showed that Xbal digestion 

produced a fragment of about 5.5kb containing the region 

which bound to the glycine tRNA probe. Xbal was therefore 

selected as the proper enzyme for subcloning this region of 

the recombinant X DNA containing the hybridizing component of 

the bovine genomic DNA based upon the limited number of bands 

produced and the appropriate size range of the hybridizing 

fragment (Fig. 16). The membranes were next stripped at 81°C 

for 30 minutes and hybridized with proline and leucine tRNA 

gene probes at 50°C for 16 hours. After the membrane was 

washed, it was exposed to the X-ray film at -80°C for 7 days. 

The results showed the same positive bands as were seen when 
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Figure 16. Autoradiograph showing the results obtained by 

hybridizing the gel-separated DNA shown in figure 15 with the 

glycine tRNA gene probe. One major and 1-3 minor bands in 

each lane hybridized with the probe. The strongly 

hybridizing 5.5kb Xbal fragment was selected as the target 

for subcloning. 
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Figure 17. Autoradiograph showing which bands from the gel 

shown in figure 15 hybridize to a mixture of the proline and 

leucine tRNA gene probes. Bands which hybridize with these 

probes, but not the glycine tRNA probe, are marked with the 

letter P. 
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Figure 18. Physical and genetic maps of the pUC18 plasmid 

cloning vector. 
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the hybridization was carried out with the glycine tRNA 

probe, as well as a few new ones. However, the overall 

intensity of the bands was much lower, suggesting that these 

probes were not binding as strongly to these areas of the 

bovine DNA as the glycine tRNA probe did (Fig.17). 

Subcloning of bovine gtnoaic DHA into the I. coli 

plauid cloning vector pUC18 

E. coli plasmid cloning vector pUC18 has an Xbal cutting 

site in the multiple cloning site or MCS (Fig. 18). This 

vector was digested with the selected restriction 

endonuclease Xbal. The target DNA was also cleaved from the 

X FIX II system vector with Xbal. The ligation was performed 

using the digested vector DNA and target DNAs with a molar 

ratio of vector to target DNA of 1 to 4, respectively. 

Transformation was performed with competent E. coli DH5a 

cells, which were then plated on YT ampicillin (50|ig/ml) 

plates containing 10ml of lOOmH IPTG and 50ml of 2% X-gal, 

for the selection of recombinant transformants. The plates 

were incubated at 37°C overnight. 

Secondary screening £ master plates 

pUC18 carries the ̂ -lactamase gene that confers 

ampicillin resistance. Only DH5a cells that are transformed 

by pUC18 plasmid vectors can grow on ampicillin-selective 
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plates. Therefore, all colonies on these plates represent 

trans formants. The MCS of pUC18 is located in the gene 

encoding the a subunit of 0-galactosidase. The MCS does not 

affect the activity of this peptide. DH5a genes containing 

non-recombinant pUC18 plasmids, will make the a subunit which 

is then joined with the remainder of the (3-galactosidase 

protein made by the DH5a cells. The presence of (3-

galactosidase activity will cleave the X-gal in these plates 

to produce an insoluble blue pigment. Blue colonies 

represent bacterial cells with non- recombinant plasmids. 

DH5a cells containing recombinant plasmids had the fragment 

inserted into the MCS of the pUC plasmid, interrupting the 

gene for the a subunit. {3-galactosidase cannot be made and 

X-gal cleavage does not omlur. Therefore, colonies with 

recombinant plasmids were all white. 

E. coli transformants (ones with resistance to the 

selective antibiotic) that grew on the initial selective 

plates and produced white colonies were patched onto an 

additional selective agar plate, called the "master plate". 

This transfer was carried out using autoclaved tooth picks 

and the plate was incubated at 37°C overnight. The master 

plate was used later for inoculating large-scale plasmid 

isolation cultures. 
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Alkaline lysis method for plasmid isolation 

In order to identify the recombinant E. coli subclones 

harboring the desired segments of the bovine genome, DNA was 

isolated from 40 white colonies and one blue colony by the 

alkaline lysis method as described in Materials and Methods. 

Recombinant plasmids were then subjected to physical 

characterization. An agarose (0.8%) gel electrophoretic 

analysis of these samples was performed at 80 volts until the 

bromophenol blue migrated 2/3 of the length of the gel. 

Following electrophoresis, the agarose gel was stained with 

ethidium bromide and photographed. Recombinant plasmids 

could be identified by their decreased mobility when compared 

to non-recombinant plasmids from blue colonies. Unused 

portions of the plasmid preparations which were identified as 

having inserted DNA fragments were digested with Xbal (along 

with the orignal recombinant X FIX II vector harboring the 

targeted portion of bovine genome to be subcloned) and the 

sanqales were then subjected to electrophoretic analysis (0.8% 

agarose extended gel at 29 volts for 17.5 hours). Subclones 

carrying the desired DMA fragment (5.5kb) were identified by 

the relative migration of the nonvector band as compared to 

the reference recombinant X FIX II digest. In order to 

confxrm this identification, the gel was subjected to 

Southern blotting and the blotted membrane was then 

hybridized with the glycine tRNA gene probe at 50#C for 16 

hours. The membrane was washed and exposed to X-ray film at 
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-80°C for overnight. Clones carrying the 5.5kb fragment 

hybridizing to the probe were selected for further analysis. 

Large scale isolation of recombinant E. coli plasmid 

vectors 

Recombinant plasmid pUC18 DNA carrying the desired DNA 

fragment was isolated from the E. coli strain DH5a by the 

CsCl/ethidium bromide equilibrium centrifugation method as 

described in Materials and Methods. The total amount of 

isolated plasmid DNA from 2 liters of culture was 26.1mg 

(pBGC-A, Al, B, B1, C, CI clones, Table 9). Plasmid DNA 

preparations were properly labeled and stored at -20°C. 

Screening for restriction endonuclease cleavage sites 

in the Xbal subclone 

Approximately lOOpg of recombinant plasmid DNA (pBGC-Bl, 

Table 9) was digested with Xbal. An 0.8% agarose minigel 

electrophoresis analysis at 80 volts for one hour was 

performed on a small quantity of sample (0.5/jg) to verify the 

purity of plasmid and the completion of the digestions. The 

remainder of the sample was then ethanol precipitated and 

used for the purpose of screening the subcloned bovine 

genomic DNA fragment for additional restriction endonuclease 

cleavage sites. One half fjg of Xbal -digested plasmid DNA was 

further digested with a variety of enzymes. These enzymes 

were chosen to either have one cutting site in the multiple 
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Figure 19. Photograph showing the results obtained by 

digesting pBGC-Bl with the restriction enzymes indicated. 

The presence of the desired 5.5kb Xbal fragment in the 

recombinant puC18 molecule is seen in lane 2. The Xbal/Smal 

digestion is seen to give 3 fragments of 2.6kb (pUC18), 4.9kb 

and 0.581kb, respectively. Lane 1, Hindi11 digested Xmarker; 

lane 2, Xbal; lane 3, Xbal/Smal; lane 4, Xbal/BanHI; lane 5, 

Xbal/EcoRl; lane 6, Xbal/Seal; lane 7, Xbal/Sphl; lane 8, BKL 

marker. 



130 



131 

Figure 20. Autoradiograph showing the results obtained when 

a restriction digest of pBGC-Bl was hybridized with the 

glycine tRNA gene probe. The 0.581kb Xbal/Smal fragment was 

chosen for DMA sequence analysis. 
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Figure 21. Restriction endonuclease map of the 5.5kb Xbal 

fragment, inserted into the multiple cloning site (MCS) of 

the pUC18 plasmid vector (BGC-B1 subclone). Each letter 

represents a different restriction enzyme; H represents a 

cutting site for the Hindlll enzyme, S: Smal, B: Banffll, E: 

EcoRI, K: Kpnl, Sc: Seal, Pss PstI, p? PvuII and X represents 

Xbal enzyme. The numbers are locations/distances in kb. 

Lines («a) represent fragments encoding regions that 

hybridize with the glycine tRNA gene probe. 
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Figure 22. Autoradiograph showing the results obtained from 

the hybridization of Xbal/Smal-digested pBGC-Bl with the 

proline and leucine tKNA gene probes. The 0.581kb insert 

binds only very weakly to these probes. 
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cloning site of pUC18 or to be compatible for ligation into 

one of these unique sites. Agarose extended gel (1%, 22cm) 

electrophoresis was performed on these digestions at 29 volts 

for 14 1/2 hours. After the agarose gel was stained with 

ethidium bromide and photographed, the gel was subjected to 

Southern blotting. Hybridization was performed on the 

blotted membrane with the glycine tRNA gene probe at 50°C for 

16 hours in order to identify the fragments resulting from 

the digestion of the bovine DNA fragment which binds to the 

probe. The results showed that Xbal/Snal digested samples 

had 3 fragments: a 2.6kb pUC18 vector fragment and bovine 

fragments of 4.9kb and 580bp. The 580bp piece was the one to 

which the glycine tRNA probe bound (Fig. 19-20). The size of 

this fragment was perfect for DMA sequence analysis. Also, 

by combining the results obtained from other digestions, a 

partial restriction map of the 5.5kb fragment was obtained 

(Fig. 21). 

Another fresh membrane was prepared from digested 

samples of the BGC-B1 subclone and this was hybridized with 

the proline and leucine tRNA gene probes at 50°C for 16 hours 

to determine which restriction fragments would bind to these 

probes (Fig. 22). The results showed that these probes bound 

to the same fragment as the glycine tRNA probe, as well as 

additional ones. The intensity of the bands and therefore 

the binding affinity, however, was very low. This suggested 

that these probes had only low homology to any target 

sequences present. 



138 

Subcloning of DMA fragments into M13npl8/19 for DMA 

sequence analysis 

Five hundred nanograms of Ml3mpl8/19 and 1.5̂ g of target 

DNA were mixed and digested with the two selected enzymes 

(Xbal and Sinai). This mixture was then subjected to phenol 

extraction and ethanol precipitation. A 1% agarose minigel 

electrophoretic analysis at 80 volts for one hour was 

performed on 0.5jjq of the digestion mix to verify the 

recovery of DNA and the completion of the restriction 

digestion. A ligation reaction was performed on two hundred 

nanograms of digestion mix. Because Smal produces a blunt 

end, the ligation reaction was allowed to continue overnight. 

Transfection was performed on competent E. coli DH5aF' cells 

which were plated on YT agar plates with 50̂ 1 of 2% X-gal 

and lOfjl of lOOmM IPTG. Plates were incubated at 37#C 

overnight. in general, recombinant Ml3 phage gave rise to 

clear plagues on E. coli DH5aF1 lawn cells after 6 to 8 

hours. 

Preparation of single-stranded templates for DNA 

sequence analysis 

Preparation of single-stranded templates for DNA 

sequence analysis was performed on 24 clear plaques and two 

blue plaques from M13mpl8 and M13mpl9 clones in order to 

verify the presence and quantity of single-stranded DNA 

templates, an agarose gel (1%) electrophoretic analysis of 
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Figure 23. Strategy for DNA sequencing of the BGC-18/19 

subclones. 
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Figure 24. Example of a 6% polyacrylamide DNA sequencing 

gel using the Sanger dideoxyribonucleoti.de method. A portion 

of an autoradiogram of the 35S-laijelled DMA fragments is 

shown. 
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samples was performed. The electrophoresis was carried out 

at 80 volts for 3 hours. After the gel was photographed, 

each sample was assigned an individual clone number. 

Subclones carrying the desired inserted DNA fragments were 

identified by their relative migration in comparison with 

nonrecombinant blue Ml3mpl8/19 phage (0BGC-18/19 subclones, 

Table 9). 

Determination of nucleotide sequences by the method of 

Sanger*? 

Due to the fact that each strand of a DMA segment must 

be sequenced in order to confirm the complementary strand's 

nucleotide sequence, the nucleotide sequences of the 581bp 

fragment inserted into both M13mpl8 and mpl9 vectors (but in 

different orientations for mpl8 vs mpl9) were determined. 

This gave the nucleotide sequence for both strands between 

the Smal and Xbal sites. The dideoxyribonucleotide DNA 

sequencing protocol for single-stranded DNA templates was 

used as described in Materials and Methods (Fig. 23). The 

radioactive label used was a ^ S - d A T P . The sequencing 

reaction samples were loaded onto 0.25mm thick 6% 

polyacrylamide DNA sequencing gels. The gels containing 

size-fractionated DNA fragments were transferred onto 

suitably sized pieces of Whatman" 3MM paper and dried for one 

hour in a vacuum gel drier. Autoradiography was carried out 

for 2-4 days at room temperature. A representative example 
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Figure 25. Complete combined (both strands) nucleotide 

sequence of the 0BGC-18/19 (Xbal/Smal M13mpl8/19) subclones, 

encoding 3 regions of simple homology to the glycine tRNA 

probe. Regions are noted by (*) show homology to the probe 

sequence and are numbered 1-3. The line — represents the 

identified CT-rich region as discussed in the text. 
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10 20 30 40 50 
CCCGGGTGGT GCTAGTGGTA AAGAACCCGC CTGCCACGCT TCGTTTGGTT 

4c****** * ***** ********* (1) 
60 70 80 90 100 

TTAAGATGAT AGCCCTTTAA CAAGGCCATA AACACTACAA AGACCT1TAC 

110 120 130 140 150 
TPCTGGCCTC CACCTACCTT TTCAGACTTA CTTCACCTTC TTATACCTCT 

160 170 160 190 200 
RAMVIVII: TCCACTCAGT AAACTCTTTC CTGTCTCTGA AACATCATAG 

* ** * ** *** * *** * * (2) 

210 220 230 240 250 
ATPCGAGTPC TATCCCTITC GCA7GAAATT TGAAACACCC TCTCACCAAA 

> 

260 270 280 290 300 
CACnTTTPC TTCCTCTPCT CTCTTITPCC CTTTCTCATT CTCCCTCTCT 

310 320 330 340 350 
GTCTCTCCTC CTGTCTCCAT CCCTCTTTCT CCCTCCCACG CCTCACCAAT 

360 370 380 390 400 
TCTCTCGAAT GAGTCCTTCT AATTAATTCC AAATTAACTT AAAAGCTCAT 

410 420 430 440 450 
TTCGAATGAG TCCTTCAGAG AAGCCTTTCT CGCCTGCCCT CTCCACAAAG 

***** * **** ******** (3J 

4 6 0 470 480 490 500 
TCAGGTCTCT AGTCTCAGTC GTAATTGCTC ATCTCACTCT CTAAnTITC 

510 520 530 540 550 
TTTCTAGTAC CTATCAGAGT CTGGCATTAA GATTTACTGG TGAGACTGTT 

560 570 580 
TAATTTCTGT CTCCTCCACC TAAATCTAGA G 
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Table 10. Homology of the regions of the fragment derived 

from 0BGC-18/19 clones with the glycine tRNA gene probe. The 

sequences are written in the 5' to 3' direction. 

Region Regfonof Match Percentage 
# homology (#) (%) 

10 39 
TGCTAGTGGTAAAGAACCCGCCTGCCACGC 21 70 

* * * * * * * * * * * * * * * * * * * * * 

GTTCAGTGGTAGAATTCTCGCCTGCCACGC 
1 A BOK 10 20 anticodon 30 

160 189 
CTCCACTCAGTAAALCTCTTTCCTGTCTCTG 15 50 * ** * ** *** **** * * 

GTTCAGTGGTAGAATTCTCGCCTGCCACGC 
1 10 20 30 

413 442 
CTTC^GAGAAGCCTTTCTCGCCTGCCCTCT 18 60 ***** * ************ 

GTTCAGTGGTAGAATTCTCGCCTGCCACGC 
1 10 20 30 
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of a dideoxyribonuc1eotide DNA sequencing gel is shown in 

Fig. 24. The 581bp sequence of the Xbal/Smal fragment (0BGC-

18/19 subclones, Table 9), derived by the Sanger protocol, is 

shown in Fig. 25. 

Computer generated DNA homology comparison of the 

581bp Xbal /Smal bovine sequence with the glycine tRNA 

gene probe and a complete glycine tRNA sequence 

After the nucleotide sequences were derived from these 

autoradiograms, any recorded Ml3 flanking sequences were 

identified using the DNAsis®4 software program and deleted. 

The complementarity of the two derived sequences was then 

verified by computer comparison of the derived nucleotide 

sequences. Homology comparisons between the sequenced 

fragment (0BGC-18/19 subclones, Table 9) and the glycine tRNA 

gene probe (Table 4) were carried out using the Mac DNAsis 

Pro" version 1.0 DNA sequence analysis software for Apple 

Macintosh" computers (which was obtained from Hitachi 

Software Engineering America, Ltd., Brisbane, California) 

with the search parameter set at 50% homology. 

Thee regions were found with 70%, 60% and 50% 

homologies with the glycine tRNA probe. All of these regions 

contained sequences homologous to the anticodon region and a 

portion of the "box A" of the internal RNA polymerase III 

promoter element (Table 10). 
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Genbank searches for homologous sequence using the 

blastn program 

Searches of Genbank library sequences with the blastn 

program using the NCBI e-mail server were performed in order 

to identify sequences similar to region number 1 (Table 11). 

Aquisition of homologous sequences using the RETRIEVE 

program 

The RETRIEVE program in the NCBI e-mail server was 

utilized from both the GenBank and the EMBL DUA data banks, 

to obtain the entire sequence of the homologous queries which 

were found with the blastn program (Table 11). 
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Table 11. Genbank Sequences producing high scoring homology 

pairing with region #1 from 0BGC-18/19 clone, derived from the 

blastn program. 

Accession 
number 

Subject Homologous 
pairs 

Region 

gb[M55158] Bovine bata-ouaia 
i,coapl«t« oda, 

27 1 
raxuMaocaaoiTcnmccMcmcA 

TaOCMOCMOITCnTACCACTAGCA 
6259 6285 

artiodactyl Bov-tA 
retropoaons. 

aab[X58474 ] Bovine OXT gmam for 
oxytocin*, 5' non-
-coding region. 

27 1 
TOQCMQCQOOTTCTXTIICCACTMCA 

TO»CMMOOOrTCTT»CC*CTMCA 
556 582 

Bov-tA type 
artiodactyl-
ratrcpoaona. 

enb[X74200] B. taurua aiero-
-eatellite DA 
inuasi 

27 3 
lCXX»aaCGQ01TCnZMXMCZA6 

WOGU>«XUJUm'lTH>OCAM«C 
50 74 

A partial Bov-tA 
SINE elaraant, 5' 
to the micro-
aatallite region. 

gb[M94327] Bovine alpha s2 
caaain typa A protein 
(CASAS2) 
intron. 

5 30 
MnBOSMMMOOOOCCTOOCACQC 

4909 4934 

artiodactyl Bov-tA 
retropoacna 

gb[K35823] Bovine thyroglobolin 
5' and 

1 36 
caxaoRxnoc&osaariwmfccaxcmxm Bov-tA typa 
*** ************************ ****** artiodactyl 
(xxuwiumuLmimmNumMXX^rcaxxxsA ratropoaona 
820 855 

anfc(Z33888] B. teams (HEL21) 
nicroaatalli ta 

36 1 
TQQCMAXWnemulCCIMCTMaCQKXCQOG Bov-tA typa 
******** * ************ * ***** *** artiodactyl 

ratropoaona 
143 178 



CHAPTER IV 

DISCUSSION AND CONCLUSIONS 

Marker-assisted selection (MAS) is already playing a 

major role in animal breeding programs. Molecular biologists 

working on the bovine genome are interested in finding new 

marker loci which exhibit significant levels of polymorphism 

(PIOO.5). These new loci need not be associated with known 

economically important traits. New polymorphic loci placed 

in regions containing few similar loci can be especially 

important for constructing genetic linkage maps and 

understanding the lineage of living taxonomic groups. The 

overall goal for this project was to identify polymorphic 

tRNA gene loci which could be used as anchor loci in gene 

mapping programs. Although The specific long term objectives 

for this project were not all to be completed as part of this 

thesis, they were: 

(1) to carry out multilocus restriction fragment length 

polymorphism (RFLP) analyses of bovine genomic DNA using 

oligonucleotide probes complementary to portions of well 

characterized human tRNAs. This allowed us to determine 

which tRNA gene families exhibited the highest level of 

associated DNA sequence polymorphism. 

(2) to isolate 15-40 kilobase bovine genomic DNA 

fragments encoding these putative tRNA gene loci from 

150 
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recombinant bovine bacteriophage X. DNA libraries. Genomic 

clones encompassing putative tRNA genes were then to be 

physically characterized with respect to the location of the 

homologous sequences, the nucleotide sequence of each 

hybridizing segment determined and the presence of tRNA gene 

sequences or short tandem repeat sequences (microsatellites) 

determined by computer analyses. 

(3) to develop unique single locus land mark bovine 

genomic probes from the DMA sequences flanking the tRNA 

genes. 

(4) to conduct detailed physical analyses of these 

bovine loci to identify associated DNA sequence polymorphisms 

using restriction length (RFLP), single-strand conformation 

(SSCP) polymorphism analyses, or PCR-based microsatellite 

screening. Eventually, individuals from populations of 

different cattle breeds were to be screened to identify 

polymorphic loci associated with bovine tRNA genes. 

My objective was to complete (1), (2) and (3) if 

possible, setting a foundation for others to continue with 

objective (4). 

Preliminary analysis of restricted bovine DNA from 

unrelated cattle of several breeds digested with variety of 

restriction enzymes showed that each of the 3 probes tested 

generated approximately 7-8 strongly hybridizing DNA 

fragments. Since multiple copies of tRNA genes are known to 

exist in higher eukaryotes, this result was exactly as we 

expected. Comparisons of DNA profiles from different animals 
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revealed a significant level of polymorphism associated with 

the loci binding the leucine tRNA gene probe. Also, for DNA 

profiles obtained from related individuals, the specific 

bands, or the patterns of bands, could be followed from 

parents to the offspring. However, these analyses also 

revealed a substantial level of similarity in the patterns 

generated for all thee different tRNA gene probes used. 

Subsequent results from hybridization of freshly prepared 

duplicate nylon membranes with newly made probes confirmed 

the similarity of the DNA profiles obtained using each of the 

thee tRNA gene probes. This caused concern since there were 

several possible explanations for this result. First, the 

genes for these tRNAs could be clustered, as is known to 

often omlur in higher eukaryotes. This would not be an 

obstacle preventing completion of my objectives. It was also 

considered possible that the probes were binding to a 

sequence related in some way to a common or conserved 

sequence element in tRNA genes. This would make the 

isolation of specific tRNA genes much more difficult. 

A second sugestion of a problem related to our syntethic 

tRNA gene probes arrose as a result of our initial screening 

of the recombinant X phage bovine genomic library. An 

excessive number of spots indicative of probe binding were 

observed on each film derived from sequential lifts of each 

plate of the X phage library. Based upon the 9-22kb insertion 

size in the recombinant X phage and having 50,000 average 
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plaques per plate, and given the anticipated tRNA gene 

frequency in the bovine genome (up to 15-20 for each "tRNA 

gene) we expected to have no more than 2-3 hybridizing 

plaques for each tRNA gene probe per plate. The number of 

strongly hybridizing plaques observed with the initial 

screening was frequently more than 20 per plate. This 

screening involved the use of nitrocellulose filters. These 

filters were highly susceptible to randomly placed background 

"spots" and most of these "positive plaques" turned out to be 

nothing more than background and were not reproduced on 

subsequent sequential lifts from the same plate. This 

excessive number of "background" positives ceased with the 

switch to nylon membranes. Plaque screening with nylon 

membranes gave much better results with, for example, the 

glycine tRNA. probe. The plaques with the strongest signals 

on films not only could be lined up reproducibly with those 

of films for filters of sequential lifts, but also remained 

positive for the glycine tRNA gene probe during both 

secondary and tertiary screenings. However, the number of 

positive plaques still exceeded the anticipated gene 

frequency by nearly 10-fold. Increased stringency did not 

reduce the number of possible plaques in a useful fashion but 

only eliminated them all. 

In order to determine the basis for this probe binding, 

a 5.5kb Xbal fragment from a X clone which hybridized with 

the glycine tRNA gene probe was selected for subcloning and 

more detailed study. First it was hybridized with the 
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proline and leucine probes to see if a possible cluster of 

tRNA genes existed, but the results showed that none of these 

probes were binding as strongly to this segment of bovine DNA 

as the glycine tRNA probe did (although some weak binding was 

observed). 

The 5.5kb bovine fragment was then inserted into the 

multiple cloning site (NCS) of the E. coli plasmid cloning 

vector pUC18. E. coli DH5a cells were transformed and 

recombinant transformants were then selected. Clones 

carrying the desired 5.5kb fragment hybridizing to the 

glycine tRNA probe were selected and plasmid DMA was 

isolated. Further restriction and hybridization analyses 

revealed a 581bp Xbal/Smal fragment contained the region 

binding the glycine tRNA probe. This fragment was cut from 

the recombinant pUC plasmid and inserted into M13mpl8/19 

phage. E. coli DH5aF'cells were transfected, subclones 

carrying the desired inserted DMA fragments were identified, 

and their nucleotide sequences were determined using the 

protocol for dideoxyribonucleotide DMA sequencing for single-

stranded DNA templates. 

After any recorded Ml3 flanking sequences were 

identified and deleted, nucleotide sequence homology 

comparisons between the sequenced fragment and the tRNA 

glycine gene probe were performed. Thee regions, referred to 

as region #1, 2 and 3 were found with 70%, 50% and 60% 

homology, respectively, (Fig. 25), to the glycine tRNA probe. 
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Figure 26. Alignment of the tRNA-like sequence in region #1 

of the BGC-18/19 subclone with the human glycine tRNA gene. 

Pol III A and Pol III B represent the Box A and Box B regions 

of the RNA polymerase III internal promoter elements. 
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This tRNA gene probe contained the entire "A BOX" of the 

internal RNA polymerase III promoter element as well as the 

anticodon region (Table 4). All thee regions contained 

sequences homologous to the anticodon region and a portion of 

the "A BOX". (Table 10). 

These 3 regions, with their respective upstream and 

downstream flanking sequences, were aligned with the human 

glycine tRNA gene sequence. It was observed that region #1 

contained sequences which have noticeable homology with much 

of the length of the tRNA probe used in this study, 

particularly in the vicinity of the BOX A and B elements 

(Fig. 26). These homologous sequences correspond to the D 

stem and D loop regions, the anticodon stem, the anticodon 

loop and the Ti|> loop portions of the tRNA. Using this 

alignment with a known tRNA sequence, the tRNA-like sequence 

in region #1 was folded into the clover-leaf secondary 

structure model for a glycine tRNA (Fig. 27). As can be 

seen, much of the base pairing required for stable stem 

structures is not present. However, based upon the high 

overall level of homology, this region was suspected to be 

the primary probe binding site on this DNA fragment. 

Region number one had the highest homology with the tRNA 

glycine tRNA probe and sequences upstream and downstream of 

this region had the most homology with the tRNA glycine gene 

as well. Region #1 was chosen as the query for searches 

using the blastn- program to identify database entries with 

high sequence homology. Genbank and EMBL databases were 
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Figure 27. Transfer RNA-like folding of region #1 from BGC-

18/19 subclone. Homologous bases with the glycine tRNA gene 

sure noted by (*). This is for comparative purposes only and 

the structure shown here would not be thermodynamically 

stable. 
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found to contain several sequences with relatively high 

homology scores when comparisons were made to this region. 

The "C-element" family of repeat units of the dispersed type 

SINE element known as "Alu-like artiodactyl retroposons", 

with standard names of "Bov-tA" or "C-A" elements, (Table 

11), showed particularly high levels of homology. Thee 

different SINES have now been found in artiodactyls9i»92. 

First, Bov-A2, contains two 115-bp units referred to as "A 

elements" which are coupled via a spacer with the well 

conserved sequence (CACTn) 2CATGCATT. This dimeric pattern 

often is referred to as a "BDF" or bovine dimeric family. 

The sequences among the 

individuals of the Bov-A2 family of elements are the most 

conserved (15% or less variation) as compared to members of 

the other families. Short direct repeats, which are typical 

of SINES, have been retained in most Bov-A2 elements. The 

relative conservation of the Bov-A2 sequence and of the 

direct repeats has been suggested to reflect a more recent 

amplification. The tails of the dimer elements (A-A) are 

either (CACT)n where n*3 or 5, or (AGC)n, n=l-9. On rare 

omlasions, isolated 115-bp units have been observed. Another 

arrangement is the "Bov-B" family, which consists of a unique 

5' region "PstI" repeat of about 500bp, followed by an 80bp 

"art-2" which is partially homologous to the "A element". A 

partially conserved ACTGA tandem repeat follows the Bov-B 

segments. The third family has a 115-bp unit (BMF or bovine 
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monomelic family) which is referred to as "BCSn87 or bovine 

consensus sequence, preceded by a 73bp sequence related to 

tRNA<jky and referred to as a "C-element". This family of 

retroposons is called "Bov-tA" or "C-A". The C-element, 

according to studies** that have been performed on them, shows 

70% to 80% homology to tRNAo-.y. The region of similarity with 

the tRNA sequence matches the D, anticodon and Tif stems and 

loops. With the individual Bov-tA elements, these sequences 

sure more variable (up to 26% difference in sequence), 

suggesting that most of these elements are "old copies" that 

do not participate in new amplifications». The most 

conserved region in the "C" element is from nucleotide 16 to 

32 (TGGTAAAGAATCTGCCT) and is also seen in region #1 in the 

BGC-18/19 subclone (with a slight change at nucleotides 26 

and 27). This region is frequently used as a primer for 

SlNBmorph detection by PCR«. The SINES also lack the 

complementary sequences required for the formation of the 

stems of the normal tRNA molecule. Apparently, a tRNA-like 

secondary structure of the SINE or it's transcript is not 

essential for it's conservation or amplification. This type 

of retroposon is also flanked by short tandem repeats. Short 

direct repeats have been retained only in a few of the Bov-tA 

elements. Based upon the degree of sequence conservation in 

these three families, the following order of amplification 

has been suggested: first Bov-tA, then Bov-B and finally Bov-

A2. Bov-A2, Bov-tA and Bov-B sequences occupy about 1.8%, 
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and 0.5% of the bovine genome, respectively^. 

Artiodactyl Bov-tA elements are primarily located in the 

introns or flanking sequences of a variety genes. Often, 

artiodactyl microsatellites are found as the tails of 

retroposons. Direct microsatellites with perfect, compound 

or most often imperfect repeats are found as tails of 

artiodactyl Bov-tA retroposons. In some clones, isolated for 

their microsatellites, it has been shown that one or more 

microsatellites are loosely associated with Bov-tA elements*?. 

Sequences with the amlession number of [M58474] obtained from 

Genbank and EMBL databases (Table 11), showed the existence 

of short tandem repeats (TC)T(TC)(TG)3TA(TG)(CA)3(TG) preceded 

by (GACTTAGCAT), a partial linker sequence 3' to the "C-A" 

elements. Amlession number [X55158] had a (ACTTTGGATGCAT) 

linker sequence and a series of TC(CT)3TGTC(CT)A(CT)AA(CT)3 

short tandem repeats 3* to the "C-A" element. Amlession 

number [M94327]»3 had a (CACTTT) a partial linker sequence at 

the 3' side of the "C-A" element. Amlession number [M35823] 

had a (GACTT) at the 3' side of the "C—A" element. Sequences 

with amlession number [X74200], which are microsatellites, 

showed a SINE region followed by (TG)6, 191bp, (TG)4, 41bp and 

(CA)22. Amlession number [Z33888] showed a direct tandem 

microsatellite (TG)2i tail preceded by a dispersed SINE. 

The complete nucleotide sequence of the BGC-18/19 

subclone reveals that region #1, found to have a high degree 

of homology (70%) with the glycine tRNA gene probe sequence, 
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is followed by a region of imperfect CT dinucleotide repeats 

(Fig. 25). This microsatellite region is preceded and 

followed by short direct repeats (CTCACCAA). Even though it 

is more likely that the glycine tRNA gene probe hybridized to 

region #1, we can find additional lesser homology with region 

#3, which is also followed by a region of imperfect short 

tandem repeats (Fig. 25). It is not certain to say that 

these repeat regions are a direct tail of SINE elements, but 

with an estimated 300,000 copies of the Bov-tA family91'87 in 

the bovine genome and the abundance of microsatellites in the 

bovine genome, the co-occurence of these two is also very 

probable. The overall distribution pattern of interspersed 

repeats in human DNA indicates that approximately 20% of the 

human DNA in any cloned fragment in a random library will 

correspond to repetitive sequences *2. one of the main 

objectives of this project was to find microsatellites. 

These could allow us to develop restriction fragment length 

polymorphism (RFLP) as well as PCR-based screening tests to 

track the alleles of highly polymorphic loci in gene mapping 

studies. Bov-tA elements might also be used as probes for 

rapidly locating microsatellites which in turn could be 

readily studied in the genome by PCR-based techniques. The 

tandem repeats found in clone BGC-18/19 are a degenerated 

form of microsatellite and each of the mutations within this 

repeat (deviations from the TC repeat) could have produced 

polymorphisms in bovine populations (Fig. 25). These 

polymorphisms could be detected by the resultant PCR products 
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of variable length (for additions and deletions) but also by 

PCR cycle sequencing to detect nucleotide substitutions or by 

alleles specific PCR primer binding techniques. One example 

of how these might be used in the future is as follows. The 

PCR primers which are a necessory factor in the successful 

amplification of DNA by polymerase chain reaction are 

designed to anneal to unique sequences flanking the target 

and to have a length of about 20 bases. These are designed 

to be complementary to sites on the complementary strands on 

either side of the target region (one each side). One of the 

most important factors in primer design is G+C content. When 

the primer length is short and the G+C content is high, a PCR 

reaction may fail to amplify the desired target because of 

misprinting. This can happen because of spontaneous dimer 

formation within each primer set". The existence of high GC 

regions through out the genome and the higher melting 

temperature of GC base pairs (three hydrogen bonds) could be 

other factors for allowing the mispairing in high G+C content 

primers95. The standard target for G+C content is 60-70%. 

The locations which could be used as primers for PCR-based 

tests in BGC-18/19 subclone are regions 13 bases long (210 

CTATCCCTTTGGC 222) upstream and 14 bases long (356 

CGAATGAGTCCTTC 369) down stream of the microsatellite with 

%54 and %57 of G+C content, respectively (Fig. 25). With all 

the mutations in the (TC)n format of the BGC-18/19 subclone, 

the designed primers could be used to detect polymorphisms in 

bovine populations by product length variations or by PCR 
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cycle sequencing techniques. As it has been mentioned above, 

we were not able to get the tRNA gene which was our original 

objective because of the existence of tRNA-derived SINE 

elements in the bovine genome, which readily bound our tRNA 

gene probes. In future efforts to find tRNA genes it is 

proposed that probes should be either the whole tRNA or 

multiple probes from the 3' and 5' ends of the gene be used 

which avoid the Pol III promoter "boxes". The plaques which 

are chosen in the later case should be the ones that are 

positive for both 3' and 5' end probes. 



BIBLIOGRAPHY 

1. Sue,L.C., wen,T.C. and Ten,T.W. (1992) High copy number 

of the pUC plasmid results from a Rom/Rop-suppressible 

point mutation in RNA II. Hoi. Microbiology, Vol. 6, 

22,3385-3393. 

2. Hiom,K. and Sedgwick,S.G. (1991) Cloning and structural 

characterization of the acrA locus of Escherichia coli. 

J. Bact., 173,7368-7373. 

3. Waite-Rees,P.A., Keating,C.J., Moran,L.S., 

Slatko,B.E., Homstra,L.J. and Benner,J.S. (1991) 

Characterization and expression of the Escherichia coli 

MRR Restriction System. J. Bact. 173,5207-5219. 

4. Harvey,S., Hill,C.W., Squirs,C. and Squires,C.L. (1988) 

Loss of the spacer loop sequence from the rrnJB Operon in 

the Escherichia coli K-12 subline that bears the relAl 

mutation. J. Bact., 170,1235-1238. 

5. Gallagher,D.S.Jr. and W0maclc,J.E. (1992) Chromosome 

conservation in the Bovidae. J. Hered., 83,287-298. 

166 



167 

6. Vaiman,D., Mercier,D., Moazami-Goudarzi,K., Eggen,A., 

Ciampolini,R., Lepingle,A., Velmala,R., Kaukinen,J., 

Varvio,S.L., Martin,P., Eveziel,H., Guerin,G. (1994) A 

set of 99 microsatellitess characterization, synteny 

mapping, and polymorphism. Mammal. Genome, 5,288-297. 

7. Ryan,A.M., Gallagher,D.S. and flomack,J.E. (1992) 

Syntenic mapping and chromosomal localization of bovine 

a and p interferon genes. Mammal. Genome, 3,575-578. 

8. Gallagher,D.S.Jr., Ryan,A.M., Sastry,K. and Womack,J.E. 

(1994) Somatic cell mapping of conglutanin (CGN1) to 

cattle syntenic group U29 and fluorescence in situ 

localization to chromosome 28. Mammal. Genome, Vol. 4, 

12,716-719. 

9. Hayes,H.C. and Petit,E.J. (1993) Mapping of the 0-

lactoglobulin gene and of an immunoglobulin M heavy 

chain-like sequence to homeologous cattle, sheep and 

goat chromosomes. Mammal. Genome, 4,207-210. 

10. Johnson,S.E., Barendse,W. and Hetzel,D.J.S. (1993) The 

gamma-fibrinogen gene maps to chromosome 17 in both 

cattle and sheep. Cytogenet. Cell Genet., 62,176-180. 



168 

11. O'Brien,S.J*, Womack,J.E., Lyons,L.A., Moore,K.J., 

Jenkins,N.A. and Copeland,N.G. (1993) Anchored 

refrence loci for comparative genome mapping in 

mammals. Nature Genet., 3,103-112. 

12. Barendse,W., Armitage,S.M., Kossarek,L.M., Shalom,A., 

Kirkpatrik,B.W., Ryan,A.M., Clayton,D.,Li,L., 

Neibergs,H. L., Zhang,N., Grosse,W.M., Weiss,J., 

Crighton,P., McCarthy,F., Ron,M., Teale,A.J., Fries,R., 

McGraw,R.A., Moore,S.S., Georges,M., Soller,M., 

Womack,J.E. and Hetzel,D.J.S. (1994) A genetic linkage 

map of the bovine genome. Mature Genet., 6,227-235. 

13. Georges,M., Nielson,D., Mackinnon,M., Mishra,A., 

Okimoto,R., Pasguino,A.T., Sargeant,L.S., Sorenson,A., 

Steele,M.R., Zhao,X., Womack,J.E., and Hoeschele,l. 

(1995) Mapping Quantitative Trait Loci controlling 

milk production in dairy cattle by exploiting 

progeny testing. Genetics, 139,907-920. 

14. Brascamp,E.W., Arendonk,J.A.M., Greon,A.F. (1993) 

Economic appraisal of the utilization of genetic 

markers in dairy cattle breeding. J. Dairy Sci., 

7 6,1204-1213. 

15. Womack,J.E. (1992) Molecular genetics arrives on the 

farm. Nature, 360,108-109. 



169 

16. Hoeschelerl. and Meinert,T.R. (1990) Association of 

genetic defects with yield and type traits: the weaver 

locus effects on yield. J. Dairy Sci., 7 3,2503-2515. 

17. Georges,M., Dietz,A.B., Mishra,A., Nielson,D., 

Sargeant,L.S., Sorenson,A., Steele,M.R., Zhao,X., 

Leipold,H., Womack,J.E. (1993) Microsatellite mapping 

of the gene causing weaver disease in cattle will allow 

the study of an associated quantitative trait locus. 

Proc. Natl. Acad. Sci. USA, 90,1058-1062. 

18. Georges,M., Drinkwater,R., King,T., Mishra,A., 

Moore,S.S., Nielson,D., Sargeant,L.S., Sorenson,A., 

Steele,M.R., Zhao,X., Womack,J.E., Hetzel,J. (1993) 

Microsatellite mapping of a gene affacting horn 

developement in Bos taurus. Nature Genet., 4,206-210. 

19. Ron,M., Band,M., Yanai,A., Weller,J. (1994) Mapping 

quantitative trait loci with DNA microsatellites in a 

commercial dairy cattle population. Animal Genet., 

25,259-264. 

20. Wu,W.R., Li,W.M. (1994) A new approach for mapping 

quantitative trait loci using complete genetic marker 

linkage maps. Theor. Appl. Genet., 89,535-539. 



170 

21. O'Brien,S.J., and Graves,J.A.M. (1991) Report of the 

committee on comparative gene mapping. Cytogenet. Cell 

Genet., 58,1124-1151. 

22. O'Brien,S.J. (1991) Mammalian genome mapping: Lessons 

and prospects. Curr. Op. Genet. Devi., 1,105-111. 

23. Copeland,N.G. and jenkins,N.A. (1991) Developement 

and application of a molecular genetic linkage map of 

the mouse genome. Trends Genet., 7,113-118. 

24. O'Brien,S.J., Seuanez,H.N. and Womack,J.E. (1988) 

Mammalian genome organization: An evolutionary view. 

Genet., 22,323-351. 

25. Farr,C.J. and Goodfellow,P.N. (1992) Hidden messages 

in genetic maps. Science. 258,49. 

26. Davidson,R. (1974) Gene expression in somatic cell 

hybrids. Somatic cell hybridization, 195-218. 

27. Heuertz, S., Hors-Cayla,M.C. (1981) Cattle gene mapping 

by somatic cell hybridization study of 17 enzyme 

markers. Cytogenet. Cell Genet., 30,137-145. 



171 

28. Ricciuti,F. and Ruddle.F.H. (1973) Assignment of three 

gene loci (PGK, HGPRT, G6PD) to the long arm of the 

human X chromosome by somatic cell genetics. Genomics, 

74,661-678. 

29. Pontecorvo,G. (1975) Production of mammalian somatic 

cell hybrids by means of polyethylene glycol treatment. 

Somatic Cell Genetics, Vol. 1, 4,397-400. 

30. Chevalet,C. and Corpet,F. (1986) Statistical decision 

rules concerning synteny or independence between 

markers. Cytogenet. Cell Genet., 43,132-139. 

31. Dietz,A.B., Neiberg,H.L., Womack,J.E. Assignment of 

eight loci to bovine syntenic groups by use of PCR: 

extension of a comparative gene map. Mammal. Genome, 

Vol. 3, 2,106-111. 

32. Hors-Cayla,M.C., Heuertz,S.,Van Cong,N. and Benne,F. 

(1979) Cattle gene mapping by somatic cell 

hybridization. Cytogenet. Cell Genet., 25,165-166. 

33. Mezzelani,A., Solinas Toldo,S., Nocart,M., Guerin,G., 

Ferretti,L., Fries,R. (1994) Mapping of syntenic 

groups U7 and U27 to bovine chromosome 25 and 12, 

respectively. Mammal. Genome, 5,574-576. 



172 

34. Vaiman,D., Bahri-Darwich,I., Mercier,D., Yerle,M., 

Eggen,A., Leveziel,H., Guerin,G., Gellin,J. and 

Cribiu,E.P. (1993) Mapping of new bovine 

microsatellites on cattle chromosome 15 with somatic 

cell hybrids, linkage analysis, and fluorescence. 

Mammal. Genome, 4,676-679. 

35. Toldo,S.S., Fries,R.f Steffen,P., Neibergs,H.L., 

Barendse,W., Womack,J.E., Hetzel,D.J.S., Stranzinger,G. 

(1993) Physically mapped, cosmid-derived 

microsatellite markers as anchor loci on bovine 

chromosomes. Mammal. Genome, 4,720-727. 

36. Fries,R. (1992) Mapping the bovine genome: 

methodological aspects and strategy. Animal Genet., 

24,111-116. 

37. Bishop,M.D., Kappes,S.M., Keele,J.W., Stone,R.T., 

Sunden,S.L.F., Hawkins,G.A., Solinas Toldo,S., 

Frie8,R., Grosz,M.D., Yoo,J. and beattie,C.W. (1994) A 

genetic linkage map for cattle. Genetics, 136,619-639. 

38. Fries,R., Eggen,A. and Womack,J.E. (1993) The bovine 

genome map. Mammal. Genome, 4,405-428. 



173 

39. Masato,0., Hiroyuki,I., Hiroshi,K., Kenshi,H. and 

Talkao,s. (1989) Detection of polymorphisms of human 

DMA by gel electrophoresis as single-strand 

conformation polymorphisms. Proc. Natl. Acad. Sci., 

USA 86,2766-2770. 

40. Litt,M. and Luty,A. (1989) A hypervariable 

microsatellite revealed by in vitro amplification of a 

dinucleotide repeat within the cardiac muscle actin 

gene. Am. J. Hum. Genet., 44,397-401. 

41. Weber,J.L. and May,P.E. (1989) Abundant class of human 

DNA polymorphisms which can be typed using the 

polymerase chain reaction. Am. J. Hum. Genet., 44,388-

396. 

42. Kaukinen,J. and Varvio.S.L. (1992) Artidactyl 

retroposons: association with microsatellites and use 

in SINEmorph detection by PCR. Nucleic Acids Res., 

Vol. 20, 12,2955-2958. 

43. Todd,J.A. (1992) La carte des microsatellites est 

arrive'e. Human Mol. Genet., Vol. 1, 9,663-666. 



174 

44. Love,J.M., Knight A.M., McAleer,M.A., Todd,J.A. (1990) 

Towards construction of a high resolution map of the 

mouse genome using PCR-analysed microsatellites. 

Nucleic Acids res., Vol. 18, 14,41123-4130. 

45. Sherrington,R., Melmer,G., Dixon,M., Curtis,D., 

Mankoo,B., Kalsi,G. and Gurling,H. (1991) Linkage 

disequilibrium between two highly polymorphic 

microsatellites. Am. J. Bum. Genet., 49,966-971. 

46. Hamada,H., Petrino,M.G. and Kakunaga,T. (1982) A novel 

repeated element with Z-DNA-forming potential is widely 

found in evolutionarily diverse eukaryotic genomes. 

Proc. Natl. Acad. Sci. USA, 7 9,6465-6469. 

47. Gebhard,W. and Zachau,H.G. (1983) Simple DNA sequences 

and dispersed repetitive elements in the vicinity of 

mouse immunoglobulin K light chain genes. J. Mol. 

Biol., 170,567-573. 

48. Tautz,D.and Renz,M. (1984) Simple sequences are 

ubiquitous repetitive components of eukaryotc genomes. 

Nucleic Acids Res., Vol. 12, 10,4127-4138. 



175 

49. Gross,D.S. and Gerrard,W.T. (1986) The ubiquitous 

potential Z-forming sequence of eucaryotes, (dT-dG)n. 

(dC-dA)n, is not detectable in the genomes of 

eubacteria, archaebacteria, or mitochondria. Mol. 

Cell. Biol., 6,3010-3013. 

50. Greaves,D.R. and Patient,R.K. (1985) (AT)n is an 

interspersed repeat in the xenopus genome. EMBO J., 

4,2617-2626. 

51. Sche'fer,R., Ali,S. and Epplen,J.T. (1986) The 

organization of the evolutionarily conserved GATA/GACA 

repeats in the mouse genome. Chromosoma, 93,502-510. 

52. Tautz,D. (1989) Hypervariability of simple sequences 

as a general source for polymorphic DMA markers. 

Nucleic Acids Res., Vol. 17, 16,6463-6471. 

53. Weber,J.L. (1990) mformativeness of human (dC-dA)n. 

(dG-dT)n polymorphisms. Genomics, 7,524-530. 

54. Tautz,D., Trick,M. and Dover,G.A. Cryptic simplicity 

in DNA is a major source of genetic variation. 

Nature, 322,652-656. 



176 

55. Slightom,J.L., Blechl A.E. and Smithies,0. (1980) 

Human fetal Gy- and ̂ y-Globin genes: complete 

nucleotide sequences suggest that DNA can be exchanged 

between these duplicated genes. Cell, 21,627-638. 

56. Kvist,S., Roberts,L. and Dobberstein,B. (1983) House 

histocompatibility genes: Structure and organization of 

a Kd gene. Embo J., 2,245-254. 

57. Saffer,J.D. and Lerman,H.l. (1983) Unusual class of 

Alu sequences containing a potential Z-DNA segment. 

Mol. Cell Biol., Vol. 3, 5,960-964. 

58. Skinner,D.M., Bonewell,V. and Fowler,F.F. (1982) Cold 

Spring Harbor Symp. Quant. Biol., 47,1151-1157. 

59. Shen,S. and smithies,O. (1982) Human globin t|)B2 is not 

a globin-related sequence. Nucleic Acids Res., vol. 

10, 23,7809-7818. 

60. Hochtl,J. and Zachau,H.G. (1983) A novel type of 

aberrant recombination in immunoglobulin genes and its 

implications for V-J joining mechanism. NAture, 

302,260-263. 



177 

61. Tautz,D. and Renz,M. (1984) Simple DNA sequences of 

Drosophila virilis isolated by screening with RNA. J. 

Mol. Biol., 172,229-235. 

62. Hazan,J., Dubay,C., Pankowiak,M.P., Becuwe,N. and 

Weissenbach,J. (1992) A genetic linkage map of human 

chromosome 20 composed entirely of microsatellite 

markers. Genomics, 12,183-189. 

63. Levinson,G. and Gutman,G.A. (1987) Mol. Biol. Evol., 

4,203-221. 

64. Streisinger,G. (1966) Cold Spring Harb. Symp. Quant. 

Biol., 31,77-84. 

65. Efstratiadi8,A., Posakony,J.W., Maniatis,T., Lavn,R.M., 

0'Connell,C., Spritz R.A., Deriel,J.K., Forget,B.G., 

weissman,S.M., Slightom,J.L., Blechl,A E., Smithies,O., 

Baralle,F.E., Shoulders,C.C. and Proudfoot,N.J. (1980) 

The structure and evolution of the human p-globin gene 

family. Cell, 21,653-668. 

66. Halten,L., Attardi,G. (1971) Proportion of the Hela 

cell genome conplementary to transfer RNA and 5s RNA. 

J. Mol. Biol., 56,535-553. 



178 

67. Sharp,S.J., Schaack,J., Cooley,l., Burke,D.J., and 

Soli,D. (1985) Structure and transcription of 

eukaryotic tRNA genes, Crit. Rev. Biochem., 19,107-

144. 

68. Mitchell,A., Bale,A.E., Wang-ge,M., Yi,H F., White,R., 

Pirtle,R.M. and McBride,O.W. (1991) Localization of a 

DMA segment encompassing four tRNA genes to human 

chromosome 14qll and it's use as an anchor locus for 

linkage analysis. Genomics, 11,1063-1070. 

69. Cox,D.W., Nakamura,Y. and Gedde-Dahl,T. (1990) Report 

of the committee on the genetic constitution of 

chromosome 14. Cytogenet. Cell Genet., 55,183-

188. 

70. MCBride,O.W., Pirtle,I. and Pirtle,R.M. (1989) 

Localization of 3 DNA segments encompassing tRNA genes 

to human chromosome 1, 5 and 16: proposed mechanism and 

significance of tRNA gene dispersion. Genomics, 5,561-

573. 

71. Pirtle,I.L., Shortridge,R.D. and Pirtle,R.M. (1986) 

Nucleotide sequence and transcription of a human 

glycine tRNA®* gene and nearby pseudogene. Gene, 

43,155-167. 



179 

72. Chang,Y.N., Pirtle.I.L. and PirtlefR.M. (1986) 

Nucleotide sequence and transcription of a human tRNA 

gene cluster with four genes. Gene, 48,165-174. 

73. Lin,V.K. and Agris,P.F. (1980) Alterations in tRNA 

isoaccepting species during erythroid differentiation 

of the friend leukemia cell. Nucl. Acids Res., 8,3467-

3480. 

74. Singer,M.F. (1982) SINEs and LlNEs: highly repeated 

short and long intrepersed sequences in mammalian 

genome. Cell, 28,433-434. 

75. ffeiner,A.M., Deininger,P.L. and Argiris,E. (1986) 

Nonviral reteroposons: genes, pseudogenes, and 

transposable elements generated by the reverse flow of 

genetic information. Ann. Rev. Biochem., 55,631-641. 

76. Smith,A.F.A. (1993) Identification of a new, abundant 

superfamily of mammalian LTR-transposons. Nucl. Acids 

Res., Vol. 21, 9,1863-1872. 

77. Quentin,Y. (1992) Origin of the Alu family: a family 

of Alu-like monomers gave birth to the left and right 

arms of the Alu elements. Nucl. Acids Res., Vol. 20, 

13,3397-3401. 



180 

78. Smith,A.f.A. and Riggs,A.D. (1995) MIRs are classic, 

tRNA-derived SlNEs that amplified before the mammalian 

radiation. Nucl. Acids Res., Vol. 23, 1,98-102. 

79. Donehower,L.A., Slagle,B.L., Wilde,M., Darlington,G. 

and Butel,J.S. (1989) Identification of a conserved 

sequence in the non-coding regions of many human genes. 

Nucl. Acids. Res., Vol. 17, 2,699-710. 

80. Weiner ,A.M. (1980) An abundant cytoplasmic 7S RNA is 

complementary to the dominant intrespersed middle 

repetitive DMA sequence family in the human genome. 

Cell, 22,209-218. 

81. Ullu,E. and Tschudi,C. (1984) Alu sequences are 

processed 7SL RNA genes. Nature, 312,171-172. 

82. Walter,P. and Blobel,G. (1982) Signal recognition 

particle contains a 7S RNA essential for protein 

translocation across the endoplasmic reticulum. 

Nature, 299,691-698. 

83. Sakonato,K. and Okada,N. (1985) Rodent type 2 Alu 

family, Rat Identifier Sequene, Rabbit C Family, and 

bovine or Goat 73-bp repeat may have evolved from tRNA 

genes. J. Mol.Evol., 22,134-140. 



181 

84. Lawrence,C.B., McDonnell,D.P. and Rajnsy,W.J. (1985) 

Analysis of repetitive sequence elements containing 

tRNA-like sequence. Nucl. Acids Res., 13,4239-4252. 

85. Daniels,G.R. and Deininger,P.L. (1985) Repeat sequence 

families derived from mammalian tRNA genes. Nature, 

317,819-822. 

86. Zelnick,C.R., Burks,D.J. and Duncan,C.H. (1987) A 

composite transposon 3' to the cow fetal globin gene 

binds a sequence specific factor. Nucl. Acids Res., 

15,10437-10452. 

87. Spence,S.E., Young,R.M., Garner,K.J. and Lingrel,J.B. 

(1985) Localization and characterization of members of 

a family of repetitive sequences in the goat p globin 

locus. Nucl. Acids Res., 13,2171-2186. 

88. Daniels.G.R. and Deininger,P.L. (1985) Repeat sequence 

families derived from mammalian tRNA genes. Nature, 

317,819-822. 

89. Hull,M.W., Erickson,J., Johnston,M. and Engelke,D.R. 

tRNA genes as transcriptional repressor elements. Mol. 

Cell. Biol., 14,1266-1277. 



182 

90. Craig,L.C., Wang,L.P., Lee,M.M., Pirtle,l.L. and 

Pirtle,R.M. (1989) A human tRNA gene cluster encoding 

the major and minor valine tRNAs and a lysine tRNA. 

DMA, 8,457-471. 

91. Lenstra,J.A., Van Boxtel,J.A.F., Zwaagstra,K.A. and 

Schwerin,M. (1993) Short interspersed nuclear element 

(SINE) sequences of the Bovidae. Animal Genet., 24,33-

3. 

92. Modi,W.S., gallagher,D.S. and Womack,J.E. (1996) 

Evolutionary histories of highly repeated DNA families 

among the artiodactyla (mamnalia). J. Hoi. Evolution, 

42,337-349. 

93. 6roenen,H.A.H., Dijkhof,R.J.M., Verstege,A.J.M. and van 

der Poel,J.J. (1993) The complete sequence of the gene 

encoding bovine as2-casein. Gene, 123,187-193. 

94. Kureishi,A. and Bryan,L.E. (1992) Pre-boiling high GC 

content, mixed primers with 3' complementation allows 

the successful PCR amplification of Pseudomonas 

aeruginosa DNA. Nucleic Acid Res., 20,1155. 

95. Kubelic,A.R. and Szabo,L.J. (1995) High-GC primers are 

useful in RAPD analysis of fungi. Current Genet., 

28,384-389. 



183 

96. Anderson,L., Bohme, J., Rask,L. and Peterson,P.A. 

(1986) Genomic hybridization of bovine major 

histocompatibility genes: 1. Extensive polymorphism of 

DQa and DQb genes. Animal. Genet., 17,95-112. 

97. Sanger,F., Nicklen,S. and Coulsen,A.R. (1977) DNA 

sequencing with chain-terminating inhibitors. Proc. 

Natl. Acad. Sci. USA, 7 4,5463-5467. 


