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ABSTRACT 

Unusual genetic phenomena are often responsible for 

dramatic evolutionary changes at many mammalian loci. Among 

the possible genetic mechanisms involved in these changes are 

point mutation, gene-conversion, and homologous or non

homologous recombination. Rarely can such evolutionarily 

significant events be studied as recent occurrences in 

mammalian systems. In most case.s it can only be postulated 

that such events occurred ·in the distant past. In the case 

analyzed in this research, however, the genetic rearrangement 

has occurred within the last fifteen years since the 

origination of a certa~n inbred mouse strain known as AKXL-7. 

The AKXL-7 recombinant inbred strain is the product of inbred 

parental strains AKR and C57L. AKR.has the Hba "f" genetic 

type which specifies only alpha-globin chain 5. C57L has the 

Hba "a" genetic type that specifies only alpha-globin chain 1. 

Chains 1 and 5 are identical except for a gly --> ala 

substitution at position 78. Although one would predict that 

any recombinant inbred strain resulting from thes,e parents 

would be homozygous for one of these two alpha-globin types, 

this is not the case for the AKXL-7 strain. These mice 

express both alpha-globin chains, with chain 1 present in 

greater amounts than chain 5. The type of genetic 

reassortment that has occurred has been ascertained through 



the use of DNA probes to flanking regions of the two 

non-allelic or "tandem" alpha-globin 1 genes. Southern blot 

analysis has revealed that the left and right AKXL-7 alpha

globin gene flanking regions are homologous to regions from 

different parents. This result indicates that the novel 

AKXL-7 genotype is the result of a reciprocal recombination 

event. Further analysis using an intergenic region probe 

narrowed the region of crossover to approximately 5.2 kb. 

Using the most distal flanking region probes, chromosome 

walking was performed to recover probes useful for 

characterization of three different induced mouse alpha

thalassemia mutations. Results indicate that in all three 

cases the deletion spans. at least 45 kb, including both alpha

globin genes and the-embryonic alpha-like x gene. 
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INTRODUCTION 

) . . . . . 

In 1857, Gregor Mendel undertook h1s famous exper1ments 

that led to the development of some of the fundamental laws of 

heredity. One of his first discoveries was the principle of 

genetic segregation. Simply stated, this principle explains 

that a hybrid o~ two different parental varieties will possess 

both types o·f parental "factors" or genes and that these genes 

subsequently w~ll segregate in the gametes. ·This basic 

genetic law has been violated at the alpha-globin gene locus 

of the mouse ~ecombinant inbred strain AKXL-7. 

The alpha-globin gene complex 

In mice, as in humans, the alpha-globin gene cluster 

consists of an embryonic globin gene (zeta in man, x in mice) 

and two adult alpha-globin genes (Fig. 1). The human gene 

cl·uster is located on the short arm of chromosome 161 and 

includes three pseudogenes as well as a gene of undetermined 

status (9).2-6 The mouse alpba-globin genes are found on 

chromosome 11. 7 The mouse also has at least two pseudogenes, 



Figure ~. Comparison of the alpha-globin gene regions of 
man and mouse. 
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alpha-psi 3 and alpha-psi 4, located on chromosomes 15 and 17 

respectively.B-11 

The mouse alpha-globin gene region has been found to be 

highly polymorphic.12,13 Polymorphisms within the alpha

globin proteins themselves are common and are confined to five 

amino acid positions. (Table I). With the- advent of 

immobilized gradient isoelectric focusing (IGIEF), the 

striking variety of combinations-of alpha-globin gene.pairs 

has been clearly demonstrated.14,1'5 The :tGIEF technique 

enables the· dif·ferentiation of previously "electrophoretically 

silent" substitutions between neutral amino acids. As can be 

seen in Table II, a number of different mouse alpha-globin 

haplotypes are presently known.15-17 The mouse strain of 

primary interest in this study, AKXL-7, is the result of a 

cross between inbred parental strains AKR and C57L.18 AKR is 

classified as hemoglobin alpha type "f" (Hbaf), indicating it 

expresses only alpha-globin chain 5. C57L is classified as 

Hbaa, indicating it expresses only alpha-globin chain 1. 

Chains 1 and 5 differ only by a single amino acid substitution 

at position 78, with chain 5 coding for alanine17 and chain 1 

coding for glycine19 at this position (see Table I). 

To create a recombinant inbred strain, the descendants of 

an initial cross of highly inbred but unrelated parents are 

brother-sister mated through at least twenty generations.2° 

Each line of mice inbred is kept separate, resulting in 

several different recombinant inbred strains. These mice 



Table I: Mouse alpha-globin amino acid polymorphisms. 

* indicates amino acid residues that ditfer 
between mouse strains AKR and C57L 
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TABLE I 

Residues· at alpha-globin chain position 

Chain number 

25 62 68 78 89 

1 gly val asn *gly his 

2 gly val ser gly his 

3 gly val thr gly his 

4 val ile ser gly his 

5 gly val asn *ala his 

5' gly val asn ala leu 

6 unknown 

7 gly ile ser gly his 



Table II.. Mouse alpha-globin haplotypes. 

When two different alpha-globin proteins are 
expressed, the proteins may be present in 
equal or unequal amounts. 
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TABLE II 

Hba haplotypes alpha-globin(s) strains; stocks 

a 1 C57BL/6J, C57L 

b 3 < 2 BALB/c, SEC/1Re 

c 1 < 4 C3H 

d 1 < 2 SM/J 

e 4 extinct 

f 5 AKR, CE/J 

g 5 = 1 DBA/2 

h 5 < 4 P/J 

i 5 < 1 some !L_ rnolossinus 

j (wl) 6 fL. s:gretus 
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approach what is called a 100% inbreeding coefficient, meaning 

each recombinant inbred strain will be homozygous or "fixed" 

at any given locus for one or the other parental alleles. 

Therefore, by definition, AKXL-7 should be homozygous for the 

genes coding for alpha-globin chain 1 or alpha-globin chain 5. 

However, AKXL-7 mice express both chains 1 and 5, with chain 1 

being expressed at a higher level. 

The AKXL-7 phenotype could have resulted from a number of 

causes not involving rearrangemen"t: at the alpha-globin locus. 

Therefore, it first had to be determined whether the genes 

encoding alpha-globin chain 1 and chain 5 were still allelic. 

In order to, test the possibility of residual heterozygosity, 

AKXL-7 mice were crossed with SEC mice which have the Hbab 

haplotype (expressi.ng ch_ains 2 and 3). If AKXL-7 were 

heterozygous (meaning one chromosome 11 carried one or two 

chain 1 alpha-globin genes and the other carried one or two 

chain 5 alpha-globin genes), then a cross of AKXL-7 x SEC 

would result in some offspring expressing'chains 1,2 and 3 and 

some expressing chains 5,2 ~nd 3. This was not the result 

(Fig. 2) (Whitney, unpublished). shown by immobilized gradient 

isoelectric focusing of blood samples of the offspring. In 

every case, the genes coding for chains 1 and 5 were inherited 

together. Additional experiments crossing (AKXL-7 x SEC) F1 

hybrids to,SEC mice showed that the chain 1 and chain 5 gene 

always cosegregat~d. This result also eliminates the

possibility that an interchromosoinal translocation of one of 



Figure 2. Isoelectric focusing in an· immobilized 
gradient of pH range 7.20~7.55 of hemoglobins 
of hybrid mice from an AKXL-7 x SEC cross. 

Lane 1, AKR (Hbaf); 2, C57L (Hbaa); 3, AKXL-7; 
4, SEC (Hbab) ; 5-9, progeny 9f A;KX.L-7 x SEC; 
10, AKXL-7; 11, Mus molossinus (Hba1 ); 12, DBA 

, (Hbag). · 
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the alpha-globin genes has occurred and indicates that the 

genes coding for alpha-globin chains 1 and 5 are now on the 

same chromosome. Therefore, some type of mutation or 

rearrangement event must have occurred in this region. 

20 

For several reasons, the AKXL-7 phenomenon presented a 

unique opportunity for studying a mechanism for 9enetic 

reassortment or mutation in a mammalian system. First, since 

recombinant inbred strains result from a cross of highly 

inbred mouse strains, "genetically pure" samples of both 

parents are available for analysis. Also, the recent 

occurrence of this rearrangement or mutation event makes it 

attractive for study. Under normal circumstances, there is no 

way to deduce when a genetic reassortment or mutation has 

occurred, and these changes are usually assumed to have 

happened in. the distant past. Because the AKXL recombinant 

inbred strains were only initiated 10-15 years ago,18 the 

event has- to be a recent one. This limits the degree of 

diversity that can have arisen in the region, making 

interpretation of the results much more straightforward. 

Lastly, the alpha-globin gene region of both mice and men is 

very well characterized. Several polymorphic sites are 

already known to exist between the AKR and C57L parental 

strainsl3, and probes are available to detect these 

polymorphisms. This combination of special circumstances 

enabled the study of a phenomenon that would otherwise be very 



difficult, if not impossible, to complete in a mammalian 

system. 

Genetic mechanisms 

Several mechanisms that might generate the novel AKXL-7 

genotype are listed in Figure 3. Each of the possible 

mechanisms is a rare·event, making a prediction of the most 

likely one highly speculative. The theoretical implications 

of each will be considered separately. 

21 

Homologous recombination involves the reciprocal exchange 

of physical stretches of DNA between homologous chromosomes. 

It is a normal process during meiosis and is important for 

increasing variation in the gene pool. The frequency with 

which a crossover event will occur,between two genes on a 

chromosome is usually a function of the physical distance 

between those genes; that is to say that the farther apart two 

genes lie on the chromosome, the greater the probability that 

recombination will occur somewhere between them. Phenomena 

such as positive and negative interference can also affect the 

crossover frequency. Since the two AKXL-7 alpha-globin 

proteins are different, the hypothesized crossover probably 

occurred between the two genes or within one of the genes 

itself. The alpha-globin genes are only 12.8 kb apart, making 



Figure 3. Possible mechanisms responsible for the gener
ation of the AKXL-7 genotype. 

indicates regions of the 
chromosome originating from AKR 

***~* indicates regions of the 
chromosome originating from C57L 

• indicates AKR alpha-globin gene 

c=J indicates C57L alpha-globin gene 
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the probability that a crossover would occur between them 

approximately 1 in 10,000 generations (based on 1 map unit = 

106 bp). It has been known for some time that recombination 

frequencies within intervals of equal physical distance can 

vary widely in systems such as phage lambda.21,22 More recent 

data suggest that regions of increased recombination frequency 

or "hotspots" exist in the mouse major histocompatibility 

complex23-26 and the human beta-globin gene cluster.27,28 In 

addition, deletion mutations in the human alpha-globin gene 

region due to homologous recombination between Alu family 

repeats are known to dccur.29 It is possible that the mouse 

alpha-globin region contains sequences that could increase the 

frequency of recombination there as well. 

Gene conversion is a nonreciprocal alteration in the 

structure of a gene such that "a DNA segment from one 

chromosome is transferred to the homologous chromosome 

replacing the resident segment.n30 The phenomenon was first 

described in fungi in which all products of meiosis can be 

identified. When unexpected odd numbered phenotypic ratios 

occurred in Neurospora indi9ating that only one member of a 

chromosome pair has been altered, the theory of gene 

conversion was adapted to explain these results.31,32 In 

higher eukaryotes~ g~ne conversion events are thought to have 

been responsible for the "concerted evolution" of tandem genes 

in gene families such as the mouse immunoglobulin constant 



region genes, 33 the rat cytochrome P-450 genes,34 the human 

fetal globin gene region,35 and the human alpha-globin 

genes36-38, among others.39-41 Weaver et a1.12 report that 

25 

repeated gene conversion events have occurred in the mouse 

alpha-globin gene region during its evolution, suggesting that 

this mechanism may have resulted in the origination of the 

AKXL-7 alpha-globi~ region. 

Several mechanistic theories exist42,43 to explain gene 

conversion. One theory suggests that a single strand break in 

DNA creates a strand that can invade an intact double stranded 

duplex thus forming a hybrid heteroduplex. The heteroduplex 

DNA will contain mismatches that will be recognized by repair 

enzymes. If the invading strand is used as the repair 

template, a.new sequence of DNA will have been transferred to 

the accepting duplex DNA. It has been noted that single 

stranded DNA is produced during the zygotene and pachytene 

stages of meiosis44 which are the stages in which synaptinemal 

pairing occurs. A second mechanistic theory supported by 

szostak45 involves a double strand break in DNA. The break is 

enlarged to a gap by nucleases and is invaded by an intact 

strand from the homologous chromosome. Both pairs are then 

repaired using the invading strand and its original partner 

strand as templates. A third theory suggests that during 

recombination, heteroduplex formation may mistakenly occur 

between regions of limited homology at a nonhomologous 

chromosomal location but heteroduplex formation in surrounding 
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regions cannot occur so recombination is aborted and only a 

short region of DNA is transferred.35 Because alpha-globin 

chain 1 is expressed at a higher level than chain 5 in AKXL-7 

mice, the possibility of a gene triplication had to be 

considered. Gene triplication and quadruplications resulting 

from misalignment and recombination in regions of tandem gen~s 

possessing high homology have been reported previously.46-49 

These misalignments are probably the mechanism responsible for 
50 

the production of deletional forms of thalassemia. 

Two types of point mutations complete the possible 

mechanisms tested. Because the only difference between alpha-

globin chains 1 and 5 is a gly --> ala substitution at 

position 78, a single point mutation at the second nucleotide 

position of the codon could a_ccount for the novel AKXL-7 

genotype (GCN codes for alanine; GGN codes for glycine). 

Point mutations outside of the amino acid coding region 

of the gene can affect gene expression. A point mutation of 

this sort could have silenced one of the parental alpha-globin 

genes previously and subsequently been corrected by a new 

point mutation in the AKXL-7 strain. Since both AKR and C57L 

express only a single type of alpha-globin protein, it is 

assumed that both alpha-globin genes are identical. However, 

many non-deletional types of alpha and beta thalassemias exist 

in which a single point mutation in an initiation codon, 

splice junction or termination codon can cause complete 

absence of functional protein.Sl-55 Therefore, if, for 

example, C57L had alpha-g-lobin genes that coded for chains 1 



and 5 but with a point mutation inactivating the gene coding 

for chain 5, then a single point mutation in AKXL..:.7 that 

corrected this defect could have produced the new phenotype. 

Experimental rationale 

The experimental approach.taken to determine the 

mechanistic origin of the AKXL-7 phenomenon was to 

27 

characterize the region surrounding the alpha-globin locus in 

both parental and AKXL-7 DNA. Alpha-globin gene flanking 

region probes were used for Southern blot analyses of 

restriction ·fragment length polymorphisms (RFLPs) between the 

two parental DNAs. Identical experiments were done on the 

recombinant AKXL-7 DNA and the resulting RFLP patterns were 

compared to those of the parental strains (Fig. 4). In this 

manner, one could ascertain from which parent each region of 

the AKXL-7 alpha-globin complex was inherited and thus make 

conclusions about which. mechanism was responsible. If gene 

conversion or any type of point mutation had been the cause, 

both flanking regions of the AKXL-7 alpha-globin gene complex 

would have resembled tnose of a single parent. If gene 

triplication had been involved, fragment sizes differing from 

those predicted by the established restriction enzyme map 

would have been identified. Only in the case of a homologous 

recombination would flanking regions originate from different 

parents. 
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Figure 4. BALB/SEC mouse alpha-globin gen~ ~ap. 

The positions of the embryonic (x) and adult 
(alpha 1 and alpha 2) genes are indicated. 
Regions for use as probes are boxed. Asterisks 
above a line indicate that a polymorphism has been 
detected with that enzyme for that site or fragment. 
Two horizontal arrows indicate uncharacterized 
repetitive DNA sequences. Vertical arrows at the top 
indicate polymorphic sites that differ between C57L and 
AKR. 
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A1pha thalassemia 

In addition, experiments were designed to study the 

deletion endpoints of mouse alpha-thalassemia mutations. 

Thalassemia is a rather common genetic abnormality in certain 

human populations which results in the underproduction or 

complete absence of one or more of the globin chains. 

Hemoglobin is a tetrameric protein composed of two alpha

type and two beta-type globin chains. The human globin loci 

are shown in Figure 5. As illustrated, there is a 

developmental regulation of transcription of these genes such 

that the genes aie activated in a 5' --> 3' manner. 56 The 

globin genes in mice are similarly regulated (Fig. 6). 

Mousejhuman analogous hemoglobins are summarized in Table III. 

The mouse beta-like globin gene family does not include fetal 

globin genes.57 Also, note that the beta gene is duplicated 

in mice (betamaj and betamin> • 

The thalassemias have been well studied in man. The 

beta-thalassemias are comprised of beta+ types (in which some 

normal beta-globin protein is. present but at lower than normal 

levels) and beta0 types (in which no normal beta-globin 

protein is present). The clinical course of the disease in 

these individuals varies widely with the percentage of beta

globin produced and is also affected by the amount of HbF 

(alpha2gamma2 ) present. In many types of beta-thalassemia, a 

concurrent increase in fetal globin chain synthesis occurs 



Figure 5. Organization of the human globin genes. Only 
expressed genes are included. 
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Figure 6. Organization of the mouse globin genes. Only 
expressed genes are included. 
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TABLE III: Mouse/human analogous hemoglobins. 

1 There is no gamma chain analogue in the mouse. 

2 There is no delta chain analogue in the mouse. 

3 Mouse beta chain can be Pmaj or Pmin· 



TABLE III 

MOUSE/HUMAN ANALOGOUS HEMOGLOBINS 

Development Period 

Embryonic 

·Fetal 

Adult 

Human Mouse 

Gower 1 (~ 2 ~ 2 ) --~--> EI (x2y~) 

Gower 2 (a2t2)------> EII (a2y2) 

Portland (~ 2 ~ 2 ) ----> EIII (a 2 z2) 

HbF (a 2 ~ 2 ) ---------> 1 

A2 (a2~2) ----------> 2 

A (a2~2) -----------> (a2~2) 3 

32 
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which greatly alleviates the harmful effects of the beta chain 

deficiency.58 The wide variation in degree of severity of 

this disease is consistent with the heterogeneity of defects 

that can cause it. A number of beta-thalassemias are caused 

by large deletions that may encompass one or more of the beta

like globin genes. Other types of beta-thalassemias have been 

characterized in patients who have an intact beta-globin gene 

that has been inactivated by mutation either within the gene 

itself or in a regulatory region around it.58 

The alpha-thalassemias vary in severity according to the 

total. number of alpha-globin genes expressed. Unlike the 

adult beta-globin genes, the adult alpha-globin chain genes 

are duplicated in both mice and humans, so the normal 

individual has four active alpha-globin genes per diploid 

genome. The mildest form of alpha~thalassemia, alpha

thalassemia-2 (alpha-thal-2), is caused by the deletion or 

inactivation of one of the two alpha-globin genes59 on a 

single chromosome. Individuals with alpha-thal-2 are 

essentially asymptomatic carriers because they still have 

three functional alpha-globin genes. 

Two major deletional mutations are known to have occurred 

as a consequence of nonhomologous crossovers to result in the 

alpha-thal-2 chromosome. The "leftward" deletion removes a 

4.2 kb region of DNA spanning the alpha-2-globin locus. The 

"rightward" deletion removes a 3.7 kb region of DNA from the 

alpha-1-globin gene. Homozygotes for either mutation have a 
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more severe form of the disease than individuals with alpha

thal-2. In addition, several deletions that abolish both 

alpha-globin genes on a single chromosome are known60 as well 

as are deletions that include the embryonic zeta globin gene.4 

Individuals with only two active alpha-globin genes have 

alpha-thal-1. 

Compound heterozygotes for alpha-thalassemia-! and 2 have 

only one functional alpha-globin gene. This condition is 

known as HbH disease. In the normal state, the ratio of alpha 

chains and beta chains is approximately 1:1. When the alpha

globin chain synthesis is severely decreased, the excess beta 

chains form tetramers (HbH) which are responsible for the 

hemolytic anemia associated with this disease. 

When no alpha-globin chains are produced, the condition 

is known as hydrops fetalis and is characterized by a high 

level of Hb Bart's (gamma4) in the cord blood. Individuals 

with this disease usually die during the third trimester of 

pregnancy or shortly after birth. 

As with all human disorders, it is desirable to have an 

animal model for biochemical studies. In the case of the 

alpha-t:t:talassemias, no naturally occuring mammalian model was 

available. Therefore, mutations were induced in mice and 

offspring screened to identify heritable mutations. Two of 

the alpha-thalassemia mutations were induced by x~irradiation 

at the Oak Ridge National Laboratory and were designated 352HB 
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and 27HB (also known as Hbab2(th) a~d Hbab3(th), 

respectively).61 A third was induced chemically with 

triethylenemelamine at the Jackson Laboratory and was 

designated Hbath-j.62 The three mutations have varying 

effects on the viability of their carriers, suggesting the 

deletions are probably of different extents.62 Also, 

hom?zygotes of all three mutants die at a very early embryonic 

age (earlier than the onset of hemoglobin synthesis) 

suggesting other closely linked essential genes may have been 

affected as well.63 Recently, a naturally ·occurring beta

thalassemia was identified in the mouse64 and has proven 

useful as a model for the human counterpart. 

The extents of the alpha-thalassemia deletions have been 

studied previously.63,13 It has become apparent that both 

adult alpha-globin genes and the embryonic x gene have been 

deleted in all three mutants. The deletions span at least 

34 kb between the available distal probes (Fig. 4)., 

Experimental Rationale 

By probing phage libraries of mouse genomic DNA with the 

two. most distal probes, clones harboring uncharacterized DNA 

regions that overlap the probe fragments and extend further 5' 

and 3' to the alpha-globin locu$ could be identified. Once 

phage containing these adjacent regions were identified and 

isolated, their insert DNA fragments could be subcloned for 

use as probes to .try to locate the deletion junctions .of the 
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alpha thalassemia mutations. Since the alpha thalassemic mice 

are obligate heterozygotes (alpha thalassemia is lethal in the 

homozygous condition), they should have one normal chromosome 

11 and one with the alpha-globin complex deleted. Three 

possible results can occur in the thalassemic samples. 

Autoradiographs of genomic thalassemic mouse DNA digested with 

a restriction enzyme, Southern blotted, and hybridized to a 

radiolabeled DNA probe can reveal bands identical in size to 

non-thalassemic samples but of half the intensity. This 

result would indicate that the fragment is present on only one 

of the two chromosomes. Alternatively, the band identified in 

the thalassemic mouse can be of equal size and intensity to 

that of the normal sample, indicating that the entire fragment 

is present on both chromosomes (not deleted on the thalassemic 

chromosome). The third possibility is for the thalassemic 

mouse DNA to have a normal, half-strength band from the normal 

chromosome and a half-strength band of a novel size 

representing the deletion junction on the thalassemic 

chromosome. 
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MATERIALS AND METHODS 

AMPLIFICATION AND HARVEST OF PLASMID DNA: 

Plasmid DNA was amplified by the method of Maniatis65 and 

purified by a modification of the method of Birnboim and 

Doly.66 The bacteria harboring the plasmids were stored as 

frozen stocks in 0.15% glycerol. They were thawed at room 

temperature, an L-plate was streaked, and the remainder was 

inoculated into 50 ml of Luria-Bertani broth (LB). Both were 

incubated overnight at 37° c. If the bacteria grew on the 

plate, a single colony was picked and streaked onto a 

selective plate, grown overnight and a single colony selected 

once more. This single colony was inoculated into 10 ml LB 

media containing tpe appropriate antibiotic and incubated 

overnight at 37° C and-250 rpm (in shaker incubator). The 

following morning, 0.1 ml of the overnight culture was diluted 

into 25 ml of LB media (with the appropriate antibiotic) and 

incubated until bacteria reached an optic~l density (OD) of 

0.6 at 600 nm (using black masked quartz cuvettes on the 

Beckman spectrophotometer calibrated with LB). This OD 

reading corresponds to a density of approximately 4.8 x 106 

bacteriajml. When the bacteria reached the proper density, 

the entire 25 ml of culture was inoculated into 500 ml of LB 
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with antibiotic. The bacterial suspension was incubated again 

at 37° C and 250 rpm until the bacteria reached a density of 

A6oo = 1.0-1.2 (or 8 x 106 bacteria/ml). Then 2.5 ml of 

chloramphenicol (at 34 mgjml in 95% ethanol) was added to stop 

bacterial protein synthesis (and, therefore, bacterial DNA 

synthesis). This culture was incubated overnight at 37° cat 

250 rpm for amplification of the plasmid. The culture was 

centrifuged at 4000 x g (4° C) for 10 min. The resulting 

pellet was then resuspended in a total of 100 ml of ice-cold 

STE buffer (0.1 M NaCl, 10 mM Tris/HCl, pH 7.8, and 1.0 mM 

EDTA) to wash off the bacterial g~ycoprotein coat. 

The suspended bacteria were centrifuged at 4000 x g for 

10 min {4° C). The resulting pellet was then resuspended in 

10 ml of G-buffer (50 mM glucose, 25 mM Tris, pH 8.0, 10 mM 

EDTA) containing 5 mgjml lysozyme (to aid in disrupting the 

bacterial cell wall) and transferred to a sterile 250 ml 

flask. The bacterial-lysozyme suspension was held for 5 min 

at room temperature. Then 20 ml of 0.2 N NaOH/1% SDS was 

slowly added with constant swirling of the flask. This 

mixture was held on ice for 10 min to completely lyse the 

bacteria as evident by a viscous consistency of the solution 

as the high molecular weight DNA of the bacteria is liberated. 

Ice cold 5 M KAc/glacial acetic acid (see Appendix) was then 

added to precipitate the high molecular weight bacterial DNA 

while leaving the small plasmid DNA in solution. Precipitation 

was carried out for 10 min on ice, and resulted in a 
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flocculent DNA salt precipitate with a clear, non-viscous 

supernate. The precipitate was removed by a 20,000 rpm 

centrifugation in a Beckman SW27 rotor (30 min at 4° C), the 

plasmid DNA from the supernatant was alcohol precipitated with 

0.6 volumes of isopropanol for 15 min at room temperatu~e, and 

the DNA was pelleted by a 12,000 x g centrifugation (room· 

temperature, 20 min). The DNA pellet was washed with 70% 

ethanol and centrifuged under the same conditions. This 

pellet was dried under vacuum and dissolved in 29 ml distilled 

water. Cesium chloride (29 g) and 3.2 ml ethidium bromiq~ 

(10 mgjml) were added.and the mixture transferred to a Beckman 

Quick-Seal tube that was heat-seale~ and centrifuged at 20° c 

at 42,000 rpm for at least 36 hr in a Beckman ·Type-60Ti rotor. 

The presence of ethidium bromide helps to separa·te the 

two forms of DNA since it intercalates into the linear 

bacterial DNA more readily than the supercoiled plasmid. It 

also makes visualization of the bands possible by using 

ultraviolet light. The upper band will contain the linear 

bacterial DNA and any nicked plasmid. The lower band, 

containing supercoiled plasmid DNA, was collected by the side 

punc·ture method. The ethidium bromide was then removed by 

adding an equal volume of CsCl-saturated isoamyl alcohol and 

mixing vigorously. Phases were separated by centrifugation at 

150 x g for 3 min (at room temperature). The lower aqueous 
·, 

phase was/ collected and extracted several times until no 



pinkish color remaineq. The final aqueous phase was then 

dialyzed against several changes of TE buffer (10 mM Tris, 

1.0 mM EDTA, pH 8.0). 

MOUSE GENOMIC DNA EXTRACTION 
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Genomic DNA was prepared by the method of Jenkins.67 DNA 

was extracted from the spleens of mice of parental strains AKR 

and C57L as well as the recombinant inbred strain AKXL-7. DNA 

was also extracted from DBA and Mus molossinus mice as 

controls since they both express chains 1 and 5 (DBA has 

chains 1 and 5 in equal amounts; Mus molossinus has chain 1 > 

5). Five ml 1X SSC buffer (0.15 M NaCl, 0.015 M NaCitrate, 

pH 7.0), 0.25 ml pronase (at 5 mgjml;· self-digested for 2 hr 

at 37° C) and 0.5% SDS were combined in a Dounce homogenizer. 

The fresh or frozen spleen tissue was then added and 

homogenized. The homogenate was poured into a 50 ml conical 

centrifuge tube and incubated for 30 min at 37° c. 

This mixture was then extracted with an equal volume of 

buffer-saturated phenol. After the layers separated, a third 

volume of chloroform:isoamyl alcohol (24:1) was added to the 

phenol/tissue mixture and well mixed. The extraction mixture 

was centrifuged for 5 min at 1500 x g (room temperature). The 

aqueous phase was collected and reextracted with 2 volumes of 

chloroform:isoamyl alcohol. The aqueous phase was again 
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collected, and 2 volumes of 95% ethanol (room temperature) 

were layered onto it. · The DNA was then wound onto glass rods. 

The DNA was redissolved in 10 ml O.lX sse buffer. To 

this was added 1 ml lOX sse buffer and 0.5 ml RNase A (boiled 

to remove contaminating nuclease; final concentration of 

0.1 mgjml). This mixture was held at 37° C for 30 min to 

remove RNA. Then 0.5 ml of pronase (final concentration of 

0.25 mgjml) was added to remove any remaining protein. This 

mixture was also held at 37° c for 30 min. The protein was 

removed by phenol extraction, and phenol was removed by two 

chloroform:isoamyl alcohol extractions as previously 

described. Ethanol was added to the.final aqueous phase and 

the DNA was again wound onto glass rods. This DNA was then 

dissolved in 10 mM TE, pH 8.0, and its absorbance was read at 

260 nm for quantitation, assuming that the optical density 

(OD) at 260 nm x dilution factor x 40(extinction coefficient) 

will give the concentration in ~g/ml. The DNA can_be stored 

in this condition at 4°C. 

RESTRICTION ENZYME ANALYSIS AND SOUTHERN BLOTTING 

The resulting pure DNA prepared from each mouse was 

digested with several restriction endonucleases (see Fig.4). 

A 7.5~g portion of each digested genomic DNA sample was run on 

a 13.5 x 6 x 16 mm vertical agarose gel (0.8% in 
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lX Craig's buffer) for 360 V ~ hrs at 15° c, visua1ized with 

ethidium bromide and photographed. The genomic DNA digests 

were then transferred to nitrocellulose (Schleicher and 

Schuell BA85) following the procedures of Southern,68 modified 

as described below. 

First, the DNA was denatured to single strands by placing 

the gel in a tray containing.0.5 M NaOH/1.5 M NaCl and rocking 

for 45 min. The NaOH was then neutralized by rocking the gel 

for an additional 45 min in 3 M NaCl/1.5 M Tris, pH 7.0. 

Eight sheets of Whatm·a.n 3MM paper were . stacked one at a time 

in a pan containing 12X sse buffer to form a moist platform. 

The neutralized gel .was then placed on top of the soaked 3MM 

papers, carefully avoiding air bubbles. ·. Mylar protector 

strips were placed around the edges of the gel. A 

nitrocellulose membrane, cut to the dimensions of the gel and 

prewetted in 3X sse, was placed directly on top of the gel, 

followed by 1 wet (soaked in 3X SSC) and 4 dry 3MM papers. 

Approximately 15 em of paper towels were then stacked on top. 

A light weight (300g) was applied and the pan was covered with 

Saran Wrap. Then 12X sse was pumped onto the bottom 3MM 

sheets at 1 ml/minjgel for 16-24 hr. After the 16-24 hr of 

transfer, the nitrocellulose membrane was carefu].ly peeled off 

the gel surface, marked, rinsed in 6X sse, and blotted on 3MM 

paper. The DNA was then baked onto the membrane for 2 hr in a 

vacuum oven at 80° c or 9 hr in a gel dryer at 65° c while 



still sandwiched between 3MM papers. The membranes can be 

' stored at this point if wrapped in foil. 

Preparation of Labeled Probe (Random Primer Labeling): 
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The plasmid probes previously prepared were labeled with 

[32p]~CTP as follows: 

31 ~1 DNA (50-500 ng) + dH2o 

10 ~1 Reagent mix (5X, Pharmacia) 

2 ~1 BSA (3 ~gjml, DNase and RNase free, Pharmacia) 

5 ~1 [32p]dCTP (50 ~ci with a specific activity of 

3000 Cijmmole) 

2 ~1 Klenow, Pharmacia 

50 ~1 total 

Initially the DNA was denatured by boiling in a water 

bath for 5 min, then cooled at 37° c for 5 min. The remaining 

components of the reaction were then added and the reaction 

allowed to proceed for 2-5 hr at room temperature. To end the 

reaction, 20 ~1 of stop buffer (Pharmacia) and 180 ~1 of 

distilled water were added. The labeled DNA was then alcohol 

precipitated with three volumes of 95% ethanol in the presence 

of 1 M NaAc, pH 4.10, and 120 ~g salmon sperm carrier DNA 

(sonicated to fragments of 1. o kb or 1·ess) for at least 2 hr 

at -20° c. 
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Prehybridization: Nitrocellulose membranes with bound genomic 

DNA were prepared for hybridization by coating them with 

prehybridization solution. This prevents non-specific binding 

of the radiolabeled prob~ to ·the ~ositively charged filters. 

Prejpost solution was made as follows: 

per 200 ml· 

60 ml 20X sse buffer 

4 ml polyvinyl pyrrolidone. (4%, millipore filtered in 

3X SSC). 

4 ml Ficoll (4%, millipore filtered in 3X SSC) 

0.1 g BSA (nuclease free) 

10 ml 10% SDS in water 

o. 2 ·g NaPyrophosphate (NaPP) 

1 ml Polyadenylate (1 mgjml in sterile water) 

KH2P04 , pH 6.8, to 50 mM 

.1.0 g glycine 
' This solution was preheated to 65° c in a water bath and 

degassed. The membranes were first floated on prejpost 

solution to moisten them, ,then carefully placed in a Seal-a

Meal bag. and 30-40 ml of the pre/post. solution was· added. Air 

bubbles were "rolled out" using a pipette being careful not to 

damage the membranes, and the bag was heat sealed. The bag 

was then placed in a pan and held in place by a prewarmed bag 

of water. The pan with both bags was then placed in the 65° c 

shaker water bath and left for at least 2 hr. It is desirable 
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even coverage of the membranes. 
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Hybridization: The labeled DNA probe was recovered by 

centrifugation at 12,000 x g for 45 min at -20° c. This DNA 

was washed with ice cold 80% ethanol, then lyophilyzed to 

dryness before dissolving the pellet in 0.02 M Tris, pH 7.5. 

Typically, specific activities of 4-5 x 108 cpmjp.g were 

attained with 80-90% incorporation of radioactive dCTP. For 

genomic blots, 1 x 106 cpm of labeled·probe was used per ml of 

hybridization solution; for blots of cloned DNA, 105 cpmjml 

was used. The appropriate volume of probe was mixed with 

polyrA and 800 p.g salmon sperm DNA and boiled for 

approximately 5 min to denature it. This mixture was 

transferred to the hybridization solution: 

12.0 ml 2ox sse 

0.8 ml 4% Ficoll 

0.8 ml 4% PVP 

2.0 ml 1% BSA 

2.0 ml 10% SDS 

dH2o to 30 ml and degassed 

After the probe had been added, the volume was adjusted 

to 40 ml with prewarmed distilled wat$r. The prejpost 

solution was poured out of the bag containing the 

nitrocellulose membranes and replaced by the hybridization 

solution containing the radioactive probe. The bag was 
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resealed and left in the 65° e water bath for 32-72 hr. 

Again, the bag should be turned halfway through the incubation 

to insure even exposure to the probe. 

Posthybridization: At the end of the required hybridization 

time, t~e hybridization solution wa~ replaced by the remaining 

prejpost solution. The hybridization solution was discarded 

to a radioactive waste container. The bag was resealed and 

returned to the water bath for 1 hr. 

After 1 hr, the bag was opened and the membranes were 

carefully removed and transferred to a metal pan. Washes were 

carried out sequentially with decreasing salt concentrations; 

30 min each at 65° e: 

2x 3X sse + 0.1% sos and 0.5% NaPP 

1X SSe+ 0.1% SDS and 0.5% NaPP 

0.3X SSe + 0.1% SDS and 0.5% NaPP 

1X sse alone 

After all washes, no radioactivity was detectable with a 

Geiger counter. The membranes were then dried under a heat 

lamp, wrapped in_ Saran Wrap and autoradiographed using Kodak 

XAR X-omat X-ray film with Hi-Plusscreens for 2-6 days at 

-70° e. Alternatively, if the membrane-s were to be stripped 

for hybridization with a different probe at a later time, they 

were kept wet. 



47 

Rehybridization of Nitrocellulose Membranes: The moist 

nitrocellulose membranes were stripped :Py placing them in a 

pan containing boiling 0.1x sse, 0.1% SDS and rocking the 

membranes in this mixture for 15 min. The solution was then 

reheated to boiling and the wash repeated. x-ray films were 

placed against the membranes and left at -70° C in Kodak 

cassettes with Lightning Plus screens to monitor the amount of 

bound probe remaining. If the remaining probe was negligible, 

the membrane was ready to be hybridized to another 

radiolabeled probe. 

SUBCLONING 

Dephosphorylation: After restriction enzyme digestion, DNA 

samples were phenol extracted and alcohol precipitated 

overnight at -2o0 ·c. The DNA was resuspended in 50 mM Tris, 

pH 8.0, 0.1 mM EDTA at a concentration of approximately 

8 p.g/0.1 ml. A 1p.l aliquot (24 units) of calf intestinal 

alkaline phosphatase was added to the DNA and the mixture was 

incubated at 37° C for 30 min. The alkaline phosphatase was 

then inactivated by a 1 hr incubation at 65° c and the enzyme 

removed by phenol ~xtraction and alcohol precipitation ·o·f the 

DNA. 

Ligation: Restriction enzyme-digested DNA was phenol 

extracted and alcohol precipitated overnight at -20° c before 
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the ligation reaction was carried out. A ratio of 2:1 vector 

DNA to insert DNA was used for non-dephosphorylated samples 

(10:1 vector to insert if the vector DNA had been 

dephosphorylated). 

Reaction conditions. were as follows: 

50 mM Tris, pH 7.6 

10 mM Oithiothreitol 

1 mM ATP, pH 6.9 

0.01 - 0.1 units T4 DNA ligase (BRL, 1 unit/#-£1) 

0.5 #-£g DNA 

The reaction was carried out overnight at 4° c. 

cac12 Competent Cell Preparation: Competent cells were 

prepared by a method modified from Dagert and Ehrlich.69 A 

20 ml culture of HB101 was grown overnight. A 0.5 ml aliquot 

of the growth was then inoculated into· 30 ml LB in a sterile 

125 ml flask and grown to an OD600 of 0.2. The flask of HB101 

bacteria wa• chilled on ice for 10 min and the b~cteria 

pelleted by centrifuging for 5 m~n at 10,000 x g (4° C). The 

bacterial pellet was resus.pended in .20 ml of ice cold 0.1 M 

cac12 and held 20-25 min on ice. The bacteria we~e again 

pelleted and resuspended in 0.5 ml cold 0.1 M cac12 • The 0.5 

ml suspension was aliquotted into Falcon 2059 tubes at 0.1 ml 

each~ These tubes were held on ice for 24 hr. 



Transformation: 

from Hanahan.70 
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The transformation protocol used was modified 

The ligated DNA samples were added to the 0.1 

ml aliquots of competent HB101 cells at a concentration not 

exceeding 40-90 ng/100 ml, and the mixture was held on ice for 

10 min. After the 10 min interval, the tubes were transferred 

to a 37° c water bath for 5 min, then t~ansferred to sterile 

125 ml flasks containing preheated soc medium and shaken for 

1 hr at 37° c. At the end of this 1 hr incubation, a small 

amount was plated onto antibiotic plates. The desired result 

is 103 or fewer colonies per plate, and plated amounts were 

adjusted accordingly assuming a transformation efficiency of 

approximately 1 x 105 coloniesjiJ.g DNA. ·The plates were 

incubated overnight at 37° c. It is undesirable to incubate 

for longer periods since satellite colonies may appear as the 

beta-lactamase produced by resistant colonies destroys 

ampicillin in the surrounding agar allowing the growth of non

resistant "satellite" colonies that do riot contain plasmid~ 

harboring bacteria. It is desirable to run controls 

including: 1) uncut pBR322 transformed into HB101 cells and 

plated on antibiotic plates to show that the plates are not 

too stringent; 2) competent cells with no DNA plated on 

antibiotic plates to show that plates are stringent enough; 

and 3) competent cells without DNA plated on L-plates to show 

that the bacteria were still alive after cac12 treatment. If 

the plasmid was dephosphorylated prior to ligation, a fourth 

control plate containing competent cells transformed with 



dephosphorylated plasmid without insert DNA is helpful in 

determining the level of background colonies expected from 

-plasmid DNA ligating without an insert. 
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Rapid Plasmid Preparation: The rapid plasmid DNA extraction 

procedure used was that of Ish-Horowitz.71 Transformed 

colonies were picked and grown overnight in sterile 16 x 75 mm 

test tubes containing 1.5 ml of sterile LB media. The 

overnight bacterial cultures were transferred to sterile 

1.5 ml Eppendorf tubes and centrifuged for 20 sec in an 

Eppendorf centrifuge. The bacterial pellets were resuspended 

in 100 ~1 of cold G-buffer (50 mM glucose, 25 mM Tris, pH 8.0, 

10 mMEDTA) and vortexed. Then, 200 #.£1 of denaturing solution 

(0.2 N NaOH, 1% SDS) was added and gently mixed. This 

suspension was chilled on ice for 5 min, then neutr_alized by 

adding 150 #Ll of ice cold neutralizing solution (5 M acetate, 

pH 4.8) and holding on ice for an additional 5 min. Bacterial 

debris was pelleted by a l·min centrifugation and the 

supernatant containing plasmid DNA -was removed. The plasmid 

DNA was alcohol precipitated briefly with 0.6 volumes of 

isopropanol and the DNA pelleted by a 1 min centrifugation. 

The DNA pellet was washed twice with 70% EtOH, then savant 

vacuum-centrifuged to dryness. The plasmid DNA was 

resuspended in 50 ~1 of TE buffer and 10 #.£1 was cut with the 

desired restriction enzyme for .agarose -gel electrophoretic 

analysis of the insert size. If the desired insert was very 



small (< 1.0 kb), 1 ~1 of boiled RNase (10 mgjml 50 mM NaAc, 

pH 5.6) was added after restriction enzyme digestion and the 

mixture held at room temperature for 30-40 min prior to 

electrophoresis. 

LOW MELTING TEMPERATURE AGAROSE GEL ELECTROPHORESIS· 

An alternative to subcloning fragments for use as probe 

is the isolation of·DNA from low meltingpoint agarose gels. 

However, a sufficient amount of DNA must be available for 

digestion to enable the recovery of at least 300 ng of 

fragment DNA from the gel. This amount would allow for a 
. ' 

fragment/gel slice volume 'Of approximately 200 ~1 from which 
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31 ~1 of DNA (approximately 50 .ng) could be used in the primer 

labeling reaction~ 

Because low melting point agarose gels are more fragile 

than regular agarose gels, they are prepared at a higher 

agarose concentration of 1.2-1.5%. This somewhat limits their 

ability to .resolve fragments larger than 5-6 kb. The agarose 

was dissolved in buffer containing 40 mM Tris Acetate, pH 7.8-

.8.0,. 5 mM NaAc, 1 mM EDTA and 0.5 J£9/inl ethidium bromide. The 

gel was poured at 4° c and was allowed to harden for 45 min 

before removing the comb and filling the chamber with the same 

buffer. The samples were loaded and electrophoresed overnight 

(16-17 hr) at 30 v. The DNA fragment bands were visualized on 

a UVlight box, then sliced out and transferred to Eppendorf 
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tubes. The sample was boiled to melt the agarose and the 

volume was determined. By calculating the percentage of the 

total amount (~g) of sample loaded that is represented by· each 

band and assuming a 90% recovery, the concentration of each 

fragment sample was determined. The sample was diluted 

accordingly and· stored. at -20° c. This procedure is useful 

for isolating inserts of 5 kb or less from plasmids or phage 

for random primer labeling. There is no need for removing the 

agarose or the ethidium bromide as the labeling reaction is 

efficient in their presence. 

CHROMOSOME WALKING 

The method of chromosome walking uses an already cloned 

and characterized piece of DNA from the genomic DNA region of 

interest as a probe for screening phage libraries to detect a 

phage containing a piece of DNA that overlaps the prob~ and 

also contains. additional flanking DNA from that region of the 

chromosome. .In .the research undertaken in this project, two 

probes were used to "walk" _along mouse chromosome 11 f·rom the 

region of the alpha-globin gene complex in both the 5' and 3' 

directions. Clone 2 (a 5' alpha-globin region DNA fragment 

that contains the x gene) and p6-4 (a 3' alpha-globin flanking 

region. DNA fragment) were used to· probe a phage DNA library 

containing the total complement of mouse genomic DNA. 
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Bacteriophage Assay: Phage libraries of mouse genomic DNA 

were generously supplied by Dr. Leroy Hood.72 The exact titer 

of the phage stock was ascertained using a serial dilution 

technique-based on an approximation of the titer of the 

solution to be assayed. The Hood phage libraries were at a 

concentration of 1010 phagejml. The stock was initially 

diluted 1000 fold by adding 1 ~1 of stock to 999 ~1 of SM 

(0.05 M Tris, pH 7.5, 0.1 M NaCl, 0.01 M Mgso4 , 0.01% gelatin) 

for a concentration of 107 phagejml. Further dilutions were 

made serially to attain phage conceritrations of 104, 103 and 

102 phagejml. Aliquots of 0.1 ml were removed from each phage 

suspension dilution tube and were added to 0.2 ml of LE392 

bacteria in log phase. The phage were allowed to adsorb to 

the bacteria for 15 min at 37° c. After the adsorption step 

was completed, 2.5 ml of soft agar was added to the 

bacteria/phage mixture and poured on top of a pre-dried NZCYM 

plate. The top agar was allowed to solidify for 5-10 min at 

which time the plates were placed at· 37° c for overnight 

incubation. The phage titer was determined by the number of 

plaques resulting from each-phage dilution. 

Phage Library Plating: Once an accurate phage titer had been 

determined, the phage were plated for screening. LE392 cells 

w~re grown in LB and their growth monitored by reading their 

optical density (OD) at 600 nm (using black masked 1 ml 

cuvettes). The bacteria were allowed to multiply into late 
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log phase. Assuming that an oo600 of 0.25 = 2 x 108 cellsjml, 

the amount of culture needed to provide 3.1 x 108 cells was 

ascertained. Meanwhile, the phage stock was serially diluted 

into SM to give 10-15,000 plaque forming units/0.5-1.0 ml 

aliquot. The proper amount of phage suspension was mixed with 

3.1 x 108 cells and allowed to adsorb for 15-30 min at 37° c. 

After adsorption was complete, 7.5 ml of top agarose was added 

and the mixture poured onto large (15 em diameter) pre-dried 

NZCYM agar plates. After the agarose had hardened, the plates 

were incubated overnight at 37_~ c. 

Phage Library Screening: The large NZCYM plates previously 

plated with the phage/bacteria mixture and incubated overnight 
I 

at 37° C will ideally contain nea.rly confluent plaques 

representing 15·, 000-20,000 phage, each harboring different 

inserts of mouse genomic DNA. These plates were cooled at 

4° c for at least an hour to prevent the top agarose from 

sticking to the nitrocellulose membranes. 

A nitrocellulo~e filter was·carefully placed on top of 

the phage lawn with contact starting with the middle of the 

membrane and working outward to prevent trapping air bubbles. 

The filter was left for 2-3 min. Random marks were made 

through the membrane into the agar using a small gauge needle 

dipped in India ink. The filter was then gently lifted from 

the plate and transferred to a sterile glass petri dish 

containing denaturing solution (0~2 N NaOH, 1.5 M NaCl). The 
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membrane was floated, then submerged in the solution and left 

for 20 sec. Then the membrane was again transferred to a 

sterile glass petri dish, this time c~ntaining neutralization 

solution (0.2 M Tris, pH 7.0, 2X SSCP). The filter was again 

floated, then submerged and left for 1-2 min. Fresh 

denaturation and neutralization solution was used for. each 

membrane. Each plate was.blotted in ~uplicate to prevent 

misinterpretation of false positive signals. Following 

neutralization, the filters were sandwiched between two sheets 

.of 3MM paper and dried in a vacuum oven at 80° c for 

approximately 2 hr. Once the filters were cooled to room 

temperature, they were ready for·hybridization. 

In order to determine which plaques resulted from phage· 

with inserts from the alpha-globin gene region, the DNA on the 

membranes was hybridized to a mixture of both Clone 2 (a 5' 

alpha-globin flanking region DNA fragment) an~ p6-4 (a 3 1 

alpha-globin flanking region probe). First, each membrane was 

floated until thoroughly wet, then submerged in 4X SET at room 

temperature. Once all filters were wetted in this manner, 

they were left for approximately· 30 min. Next, the filters 

were washed by loading two membranes ("back to back" with the 

DNA side facing outward) into a Seal-a-Meal bag and adding 

15 ml/filter of wash solution (4X SET, lOX Denhardt's, 0.1% 

SDS). This bag was left for approximately 3 hr at 66-67° c in 

a shaking water bath. At this time the wash solution was 

poured out and replaced with 15 mljfilter prehybridization 
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solution and left for at least 1 hr at 67° c in a shaking 

water bath. After prehybridization was complete the bag was 

opened and 105 cpmjml of each primer labeled probe was added. 

The bag was then resealed and left for 48-60 hr at 66-67° c in 

a shaking water bath. 

After hybridization, the solution containing the 

radiolabeled probe(s) was removed and replaced.by 15 ml/filter 

posthybridization solution. The bag containihg the filters 

was left at 67° c for 1 hr in a shaking water bath. After 

this first wash the membranes were removed from the bags and 

placed in a metal pan containing 4X SET, 0.1% SDS and 0.1% 

NaPP and left for 15-30 min at 68° c in a shaking water bath. 

This same washing procedure was repeated twice more, followed 

by two washes in 1X SET, 0.1% SDS and 0.1% NaPP and a single 

wash in 4X SET alone at room temperature. The filters were 

then blotted dry, wrapped in Saran Wrap and mounted in Kodak 

Cronex x-ray cassettes containing Lightning Plus intensifying 

screens. Kodak X-omat film was placed over the filters, and 

the cassettes were left at -70° c for 2-3 days~ 

Pla.que Harvest: To isolate the plaque containing the 

recombinant DNA of interest, the filter in the cassette was 

overlaid with a clear sheet of plastid and the outl-ine of the 

membrane was traced along with the ·random marks. This tracing 

was U$ed to find the exact location of the marks on the X-ray 

film. The film was then turned over to mimic the orientation 
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of the agar ~;>late·. The plate was placed on top of the film 

and the ink markings were carefully lined up. The dark spots 

on the X-ray film indicative of a plaque containi~g DNA that 

hybridized to the DNA probes used to screen were clearly 

visible through the agar. The la+ge end of a sterile pasteur 

pipette was used to pick out a plug of agar containing the 

plaque (and also ·portions of surrounding plaques) of interest. 

Using a pipette bulb,the plug was emptied into a sterile 16 x 

100 mm test tube containing 1 ml of SM. The phage were 

allowed· to diffuse from the agar into the media for 

approximately 30 min. It was assumed that the phage titer at 

this point was 105-106 phage/ml. 

Secondary Screening: Since the phage harvested will be 

contaminated with phage from plaques immediately surrounding 

the desired plaque, a secondary screening is necessary. This 

time, a density of only 50-100 plaques/plate is desired so 

· that individual plaques containing phage can be easily picked 

without contamination. The procedure is done much like a 

plaque assay: phage were serially diluted to a concentration 

of 102-103 phagejml SM and 0.1 ml phage. suspension was 

adsorbed to 0.2 ml LE392 bacteria anticipating a final 

concentration of 10-100 plaque forming units. After the 

15 min adsorption·at 37° c, 2.5 ml top agarose was added to 

the phage/bacteria mixture and poured onto a pre-dried NZCYM 

agar plate. After the agarose had ha-rdened the plates were 
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left at 37° c overnight. The following day, four 

nitrocellulose membrane lifts were taken from each plate using 

the procedure previously described. This allowed duplicate 

membranes to be probed separately by Clone ·2 and p6-4 to 

ascertain which end of the gene region each insert is from. 

Hybridization procedures were as previously described. 

Plaques were picked as before and stored in 1 ml SM, 0.5 ml 

cnloroform in sterile scintillation vials. 

Primary Phage stock Preparation: An overnight culture of 

LE392 bacteria was prepared. Equal volumes (0.1 ml) of LE392, 

phage eluant from the previously harvested plaque and MgCa 

(0.01 M Mgcl2 , 0.01 M cacl2 ) were mixed in a sterile, capped 

16 x 100 mm test tube and the phage were allowed to adsorb to 

the bacteria by a 10 min incubation at 37° c. The 

phage/bacteria mixture was transferred to a 500 ml stoppered 

flask containing 50 ml NZCYM media and left overnight at 

37° c in a shaker incubator. The volume of bacteria added in 

the initial step may have to be altered to achieve an 

acceptable bacteria:phage ratio (multiplicity of infection or 

MOI). If the MOI is too low_, the bacteria will all be lysed 

before achieving a sufficient density to allow adequate phage 

replication. If the MOI is too high the bacteria will re.ach 

their stationary phase before lysing and virus yield will be 

low. Ideally the bacteria will grow to an 00600 of 1.2-1.4, 

then the oo60:0 reading will begin to sharply drop off or 
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"crash"-as virus particles are released and infect and lyse 

more and more bacteria. Since 100-200 phage are released from 

a single bacterium, the phage quickly overtake the bacteria 

and the oo600 drops to approximately 0.4. The bacterial 

culture will look fairl~·clear and will contain strings of 

cellular debris. After the cultures had -"crashed," 0.5 ml of 

chloroform was added to lys~ any remaining intact bacteria, 

and the culture was shaken for 15 min at 37° c. The bacterial 

debris was then ·pelleted by centrifuging for 10 min (800 x g 

at room temperature). The supernatant containing 1-5 x 1010 

phagejml was transferred to a sterile 125 ml bottle and stored 

at 4° C in the presence of 0.25 ml 2% gelatin and 1 ml 

chloroform. This primary stock should be stable for at least 

one year. 

Phage DNA Extration: This is a procedure for a rapid, mini

preparation of phage DNA. Phage (from the primary stock), 

bacteria and MgCa were added together and adsorbed for 15 min 

at 37° c. The multiplicity of infection varies for each phage 

but is 9enerally 100-1000. This mixture was transf·erred to 

20 ml LB broth and incubated overnight at 37° c and 250 rpm in 

the shaker incubator. The following morning, 0.2 ml 

chloroform was added and the mixture was shaken for an 

additional 15 min. Cellular debris was removed by a 10 min 

centrifugation at 3000 x g and room temperature. The clear 

supernatant was transferred to a clean centrifuge tube and 
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NaCl was added to a final concentration of 1.46 M and 

polyethylene glycol (PEG) was slowly added to a final 

concentration of 10%. This mixture was left on ice for 1-2 hr 

to precipitate the phage. · The phage were pelleted by 

centrifugi~g· at·11,000' x g for 10 min at 4° c. The phage 

pellets were resuspended in 1 ml SM and the PEG was removed by 

chloroform· extractio.n and centrifugation. The phage 

supernatant·was removed and 1/10th volume SDS mix (0.25 M 
I 

EDTA, 0.5 M Tris, pH 9.0, 25% SDS) was added. This mixture 

was held at 68-70° c for 30 min. The SDS ·was removed by 

adding 1/10th volume 8 M KAc, chilling on ice for 15 min, then 

pelleting the SDS and ·protein at 14,000 rpm for 15 min at 

4° c. The resulting supernatant was phenol extracted and the 

DNA alcohol precipitated overnight at -20° c. The DNA was 

recovered by centrifuging at 17,500 rpm (4° C) for 15 min. 

The DNA pellets were resuspended in 0.4 ml 2 M ammonium 

acetate, transferred to 1.5 ml Eppendorf tubes, and alcohol 

precipitated a second time with 2 volumes of 95% ethanol. The 

DNA· can be lef.t for 20 min at -70° c or 1 hr overnight at 

-20° C and pell.eted by a 5 min centrifugation in an Eppendorf 

centrifuge. The DNA pellet was resuspended in 50 JLl 

1 mM EDTA, pH 8.0. This should be approximately equivalent·to 

1 JJ,g of DNA. A small.sample (1-3 JJ,l) was digested with 2 

units of a restriction enzyme for fragment subcloning. 



Figure 7. Restriction map of the plasmid pBR322. 
Relevant·~ restr:Lction enzyme cleavage sites and 
regions of ampicillin and tetracycline resist
ance genes are indicated. 
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RESULTS 

While characterizing the alph~-globin gene regions of 

parental strains AKR and C57L and the recombinant inbred 

strain AKXL-7, several other types of mice were studied 

concurrently. The inbred strain DBA/2J and the subspecies Mus 

musculus molossinus both e~pre.ss alpha-globin chains 1 and 5. 

Mus molossinus is especially fnteresting because it is similar 

to AKXL-7 in its unequal expression of the two different 

alpha-globin chains (chain 1 >chain 5; see Table I). Inbred 

mouse strain CE was included for comparison purposes because 

this strain is unusual but carries Hbaf. ·Inbred mouse strain 

SM was included also because it is known to be highly unusual 

in its 3' alpha-globin region. Finally, Mus spre_tus was 

studied because it is a completely different species and would 

therefore be expected to be divergent from the inbred strains. 

DNA from several recombinant plasmids was prepared to use · 

as hybridization probes for restriction fragment length 

polymdrphi~m (RFLP) analysis (Fig. 8). These included Clone 

2, p6-3 and p6-4. DNA of Dr. Vanin's p3.2Sac! clone71 was 

kindly donated by Dr. Ferez Nallaseth. Other plasmids were 

prepared for mapping and subclon.ing (p6-11 and pM-alpha-,1) to 
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develop a suitable intergenic region probe for RFLP analysis. 

In all cases, pBR322 was the plasmid vector used. 

Dr. Ron Cobb had previously identified several RFLPs that 

appeared promising for this analysis. Although the parental 

strains AKR and C57L had not usually been used in his studies, 

strains CE (Hb~f) and C57BL (Hbaa) had been tested, and it was 

hoped that polymorphisms found to exist between them would be 

polymorphic in AKR and C57L also. DNA (7.5 ~g) from the eight 

different mouse samples was digested with restriction 

endonucleases and electrophoresed on 0.8% agarose gels as 

previously described. The restriction fragments were 

transferred to nitrocellulose membranes and then hybridized to 

the appropriate [32P]dCTP-labeled DNA probe. 

The 5' region of the alpha-globin gene complex was 

characterized using a single DNA fragment as probe. Clone 2 

is a 3.8 kb-EcoRI fragment from a bacteriophage clone that is 

subcloned into pBR322 plasmid. It spans the mouse embryonic x 

gene. As shown in Figure 9, AKR DNA cut with Psti and 

hybridized to radiolabeled Clone 2 results in a single large 

6.3 kb band, whereas AKXL-7 and C57L DNA yield two bands of 5 

kb and 1.3 kb under the same conditions. This result 

indicates that AKXL-7 shares an'additional Psti recognition 

site with C57L, suggesting AKXL-7 inherited the 5 1 region of 

the alpha-globin gene complex from the C57L parent. Figure 10 

confirms that this region of chromosome 11 originated from 

L 
I 
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Figure 9. Genomic Southern blot of mouse DNA digested 
with Pst1 and probed with Clone 2. 

DNA ( 7. 5 1-£9) samples from mice of inbred or 
congenic strains were digested with Psti (4 
hr, 37° C). The DNA fragments were separated 
on o. 8% 6 mm agarose gels and transferred to 
nitrocellulose. The plasmid Clone 2 probe for 
the 5' . end of the alpha-globin region was 
radiolab~led with I32·P]dCTP using 
oligonucl~otide-primed synthesis. · 
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Figure 10. Genomic Southern blot of mouse DNA 
digested with Bgli and probed with Clone 
2. 

Reaction conditions and processing proc~
dures were identical to those described 
in Figure 9. 
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C57L. In this case, all DNAs were cut with Bgli and 

hybridized to Clone 2. The Bgli polymorphic site is nearly in 

the middle of two non-polymorphic sites producing either two 

bands of 2 kb and 3 .kb (as in the AKR parent) or a single 5 kb 

band (as in C57L and AKXL-7 which lack the restriction site). 

Again,. this result suggests that AKXL-7 inherited its 5' 

region of the alpha-globin complex from its C57L parent. It 

is also important to note that AKXL-7 differs from molossinus 

in the 5' region indicating that AKXL-7 is a new genotype not 

identical to an already existing genotype. 

The 3' region of the alpha-globin gene complex was 

characterized by using two different DNA fragments as probes. 

Both p6-3 and p6-4 are EcoRI fragments from a bacteriophage 

clone called phage 610 and are located adjacent to each other 

approximately 5 kb downstream of the alpha-2-globin gene (see 

Fig. 8). Both were subcloned into pBR322. As shown in Fig. 

11, when the genomic DNA's were digested with EcoRI and 

hybridized to· p6-3, the fragment identified in AKXL-7 is 

identical to the 15 kb fragm~nt present in AKR, while C57L 

exhibits a 3 kb fragment due to its additional restriction 

site. Thus, A~XL-7 inherited this.J' region of the complex 

·from the opposite parent (AKR). Again, confirmatory results 

are seen in Figures 12 and 13, in which p6-4 is used to probe 

Hindiii and Apai DNA digests, respectively. C57L mice possess 

an additional Hindiii site, resulting in a smaller 2.7 kb 



Figure 11. Genomic Southern blot of mouse DNA 
digested with EcoRI and probed with p6-3. 

Reaction conditions and processing proce
dures were identical to those described 
in Figure 9. 
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Figure 12. Genomic southern blot of mouse DNA 
digested with Hindiii and probed with p6-
4. 

Reaction conditions and processing proce
dures were identical to those described 
in Figure 9. 
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Figure 13. Genomic Southern blot of mouse DNA 
digested with Apai and probed with p6-4. 

Reaction conditions and processing proce
dures were identical to those described 
in Figure 9. 
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band. AKR and AKXL-7 mice lack the additional site and thus 

demonstrate a larger 3.1 kb band. p6-4 overlaps a non

polymorphic 4.3 kb band in all cases. As in the Hindiii 

digest, DNA digested with Apai and hybridized to p6-4 reveals 

a common, non-polymorphic band of 3.3 kb (with the exception 

of spretus). The polymorphic site of interest is present in 

C57L resulting in a small 1.1 kb band. AKR and AKXL-7 (which 

lack the site) exhibit a large 6.2 kb fragment instead. 

Together, these results indicate a reciprocal recombination 

caused the AKXL-7 genotype. 

Since it is known that the two alpha-globin chains differ 

at the protein level (and therefore at the DNA level), it was 

assumed that the crossover probably occurred somewhere between 

the two genes. Therefore, it was necessary to find a DNA 

fragment suitable as a probe for this region. For this 

reason, plasmid p6-11, an 11 kb EcoRI fragment of 

bacteriophage clone 6 in pBR322 that spans the alpha-2-globin 

gene and approximately 5 kb of the 12.8 kb intergenic region, 

was amplified and plasmid DNA prepared. By combining 

knowledge of the restriction sites in the plasmid vector and 

known cut sites in the mouse insert, the location of new 

restriction enzyme cleavage sites can be carefully determined, 

resulting in a detailed map of the insert region. Using this 

technique, the plasmid was extensively mapped with a large 

variety of restriction enzymes both singly and in combination 

with EcoRI to ascertain the orientation of the fragment insert 
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in the plasmid and to provide information that would allow the 

selection of a piece to subclone for use as an intergenic 

~egion probe. A 1.8 kb Psti fragment was chosen and subcloned 

into pBR322 as previously described. Because of the 

orientation of the insert, subcloning of the 1.8 kb fragment 

could be achieved by simply cutting p6-11 with Psti and 

allowing the plasmid (which would still have the 1.8 kb 

fragment attached at one en~) to recircularize. This strategy 

eliminated the peed for dephosphorylating the plasmid ends. 

The plasmid would be almost fully intact except for 

approximately 0.75 kb that would be removed from the beta

lactamase gene (Fig. 7). This inactivation of the ampicillin 

resistance gene made identification of the desired subclone 

easy. Colonies resulting from transformation were replated 

onto both tetracycline and ampicillin plates. The colonies 
\ . 

that proved tetracycline resistant but ampicillin sensitive 

were most likely the desired subclone. Of 20 .colonies tested, 

19 were ampicillin sensitive. Two random colonies were then 

selected for large scale plasmid preparation. Both had the 

desired 1.8 kb insert. The mapping digests done previously on 

p6-ll had been Southern blotted onto nitrocellulose.membranes 

and these membranes were hybridized to the radiolabeled 1.8 kb 

fragment (pl.8Pst). These results are shown in Figures 14 and 

15 and are completely consis.tent with the predicted 

orientation of the fragment. They were also useful for the 
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Figure 15. Plasmid p6-11 (43 ~g) was digested with 
200 units EcoRI restriction enzyme for 4 
hr at 37° c. The mixture was phenol 
extracted and ethanol precipitated over
night at -20° c. The DNA was recovered 
by centrifugation (12,000 x·g for 20 min) 
and dried. After resuspending in dH2o, 
the EcoRI digested plasmid was · cleaved 
with various second enzymes and processed 
as in Figure 14. 

Gel I: Lane 1, Apai; 2, BamHI; 3, EcoRV; 
4, Hindiii. 

Gel II: Lane 1, Kpni; 2, Psti; 3, Pvuii; 
4, S'aci; 5, Sacii; 6, Smai; 
7, Xbai; 8, Xhoi. 
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precise placement of restriction sites within the map which 

was important for interpretation of later results. However, 

when p1.8Pst was used to probe genomic blots, no useful data 
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could be obtained concerning possible RFLPs in the intergenic 

region (data not shown). 

Because the crossover point could be most accurately 

defined by a probe from the middle of the intergenic region, 

pG-11 was abandoned for use in subcloning and pM-alpha-1~(a 

plasmid containing 10.4 kb of DNA spanning the alpha-1-globin 

gene and approximately 5 kb of the intergenic region), was 

considered. Some details of the.restriction sites in pM

alpha-1 had already been determined so, based on this 

information, a·1.4 kb BamHI-EcoRI fragment from the 3' end was 

chosen to subclone into pBR322. pM-alpha-:t was digested with 

both BamHI and EcoRI and ·the DNA precipitated with alcohol. 

The recombinant plasmid fragments were then ligated overnight 

and transformed into competent HB101 cells the following day. 

The bacteria were transformed at an efficiency of 3.5 x 105 

coloniesjJ..Lg DNA. Colonies from the initial transformation 

were replated on both ampicillin and tetracycline plates. A 

BamHI-EcoRI fragment removed from the tetracycline resistance 

gene of pBR322 will ·render it inactive. Therefore, colonies 

that are tetracycline resistant are unlikely to contain the 

desired insert. A random selection of 6 ampicillin

resistantjtetrac~cline-sensitive colonies were chosen for a 

rapid plasmid preparation (see Materials and Methods). A 
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colony harboring the desir.~d 1.4 kb insert was identified and 

a large scale preparation of plasmid DNA was accomplished. 

Further restriction mapping of pM-alpha-1 and the new 1~4kb 

subclone, pJL1.4, was done to aid in the prediction of 

fragment sizes resulting when pJL1.4 was used as an intergenic 

probe. These results are shown. in Figure 16. Most 

importantly, it could be determined whether cut sites known to 

be near the pJL1.4 region of pM-alpha-1 were actually within 

pJL1.4 or just 5~ to it. 

DNA from mice of parental strains AKR and C57L was 

digested with eight different restriction enzymes, transferred 

to nitrocellulose membranes and hybridized to radiolabeled 

pJL1.4. Two restriction enzyme sites (Xbai and Bglii) were 

found to be polymorphic between the two parental strains (Fig. 

17 and 18). 

These membranes were stripped as previously described. 

The stripped membranes were rehybridized to radiolabeled 

p3.2Sac probe. This probe is a 3.2 kb Sac! fragment spanning 

the alpha-1-globin gene that, due to the high degree of 

homology between the tandem genes, also hybridizes to the 
' 

alpha-2-globin gene with only slightly less efficiency. An 

additional polymorphic site, ·that of Pvuii, was found between 

AKR and C57L (Fig. 19). The remaining six mouse strain DNAs, 

including that of the AKXL-7 recombinant inbred strain, were 

all digested with the three enzymes shown to have polymorphic 



Figure 16. Agarose gels of plasmid pM-alpha-1 and 
pJL1.4 digested with various restriction 
enzymes. 

Plasmids pM-alpha-1 and pJL1.4 (1 ~g) 
were digested with several restriction 
.enzymes. DNA fragments were separated on 
1% agarose gels 'by pulsed field gel 
electropharesis. Elebtrophoretic 
conditions were 40 v for 18 hrs at 11° C. 
Pulse ratio was 1.5:0.5 milliseconds. 
Lane designations are identical for both 
gels. 

Gel I = pM-alpha-1; Gel ~I = pJL1.4. 

Lanes 1 and 10, l~g lambda phage DNA 
digested with Hindiii; 2, Apai; 3, Bglii; 
4, EcoRV; 5, Hindiii; 6, Psti; 7, Pvuii; 
8, Sac!; 9, Xbai. 
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Figure 17. Genomic Southern blot of AKR · and C57L 
mouse DNA digested with various enzymes 
and probed with pJL1.4 

Reaction conditions and processing proce
dures were identical to those describ~d 
in·Figure 9. 
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Figure 18~ Genomic Southern blot of AKR and· C57L 
mouse DNA digested with various enzymes 
and probed with pJL1.4. 

Reaction conditions and.pro~essing proce
dures were identical to those described 
in Figure 9. 
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Figure 19. · Genomic Southern blot of AKR arid. C57L 
mouse DNA digested with various 
restriction enzymes and probed with p3. 2 
Sac. 

Reaction conditions and processing proce
dures were identical to those described 
in Figure 9. 
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sites between AKR and C57L, were transferred to nitrocellulose 

and hybridized to the appropriate radiolabeled probe (Pvuii 

digests were hybridized to p3.2Sac; Xbai and Bglii digests 

were hybridized to pJL1.4)~ 

As can be seen in Figure 20, the AKXL-7 DNA fragment 

revealed by the pJL1.4 probe is identical to the C57L parent 

in both cases. When digested with Bglii, AKXL-7 and C57L 

DNA's have a 13.5 kb fragment homologous to pJL1.4, while the 

AKR homologous band is 1.6 kb. Conversely, C57L and AKXL-7 

have a small 1.8 kb fragment homologous to the probe when 

digested with Xbai while AKR, which lacks the restriction 

site, has a larger 10 kb fragment revealed. Therefore, the 

crossover occurred 3' to the Bglii polymorphic site located 

almost directly in the center of the intergenic region. The 

DNA fragment patterns resulting from hybridization of Pvuii 

digested mouse genomic DNA with radiolabeled p3.2Sac revealed 

that the AKXL-7 mouse inherited the AKR polymorphism. AKR and 

AKXL-7 both lack a Pvuii site present in C57L resulting in a 

larger (10.2 kb) band (Fig. 21). However, based on 

information obtained while mapping the plasmid p6-11, two 

restriction sites were candidates for this polymorphism. In 

order to ascertain exactly which site was polymorphic, Pvuii 

digested AKR and C57L DNA's were blotted and hybridized to 

radiolabeled p6-3 probe. The rationale was that if the 3' 

site was polymorphic, the fragments revealed would be tne 



Figure 20. Genomic Southern blot of AKR, ~ C57L and 
AKXL-7 mouse DNA digested with Bglii, 
EcoRV·and Xbai and probed with pJL1.4. 

Reaction conditions .and processing proce
dures were identical to those described 
in Figure 9. 
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Figure 21. Genomic 
digested 
p3. 2Sac. 

Southern blot of 
with Pvuii and 

mouse 
probed 

DNA 
with 

Reaction conditions and processing proce
-dures were identical to those described 
in Figure· 9. 
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10.2 kb fragment (that is also homologous to p3.2Sac) and a 

smaller fragment (approximately 2.0 kb in size). If, however, 

the 5' Pvuii site were the polymorphic one, then both parental 

DNA's would have a 2.0 kb fragment revealed by p6-3. The 

first alternative proved to be the correct one, (data not 

shown) proving the 3' site is-polymorphic between the two 

parental strains. 

Weaver et al12 had reported a site just 5 1 to the alpha-

2-globin g.ene that is polymorphic between mice with ~baa and 

Hbaf haplotypes. Genomic DNA BamHI digests were hybridized to 

pJL1.4. A very slight, but distinct, fragment size variation 

was revealed (Fig. 22). AKR and AKXL-7 have an extra BamHI 

restriction site resulting in a fragment of 7.2 kb whereas 

C57L, which lacks the site, has a 7.5 kb fragment homologous 

to pJL1.4. This result indicates that the crossover occurred 

somewhere 5·• to the BamHI site. No other polymorphisms were 

found between the AKR and C57L parents. Thus, the crossover 

point was localized to a region of approximately 5.2 kb 

between the Bglii polymorphic site in the center of the 

interge_nic, region and the BamHI polymorphic site_ just 5' to 

the alpha-2-globin gene·. 

In addition td the elucidation of the AKXL-7 phenomenon, 

experiments were designed to study the extent of the deletions 

in the three forms of mouse alpha thalassemia. Previous work 



Figure 22. Genomic 
digested 
pJL1.4 

Southern blot of 
with BamHI and 

mouse 
probed 

DNA 
with 

Reaction conditions and processing proce
dures were identical to those described 
in Figure 9. 
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Figure 23. AUtoradiographs of phage library primary 
screening. 

Phage were plated onto 15 em NZCYM agar 
plates at a density of 15-20,000 pfu and 
processed as described in Materials and 
Methods. Duplicate nitrocellulose lifts 
of the plaques were probed with radio..
labeled p6-4 and Clone 2 simultaneously. 

A: Plate ID 
B: Plate IF 
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described and hybridized to a mixture of radiolabeled p6-4 and 

Clone 2 probes. The membranes were washed and 

autoradiographed (Fig. 23). A total of 14 plaques were 

harvested. These were designated with numbers. For example, 

plate ID contained three positive plaques designated ID-1, ID-

2 and ID-3. The ph~ge were eluted from the agar plugs and 

fresh LE392 bacteria were infected for a secondary screening. 

The phage/bacteria mixtures were plated onto small (10 em) 

plates at a low density (50-100 plaques/plate) and left 

overnight. Nitrocellulose membrane lifts were taken from each 

plate (four per plate) and duplicate membranes were probed 

with p6-4 and Clone 2 separately (Fig. 24). Two plates 

contained plaques that hybridized to only Clone 2. Three 

plates contained plaques that hybridized only to p6-4. Four 

plates contained plaques that hybridized to both probes. A 

representative plaque from each plate was harvested and eluted 

into SM buffer. Primary s·tocks were made of all nine 

recombinant phage. DNA was prepared from the nine clones and 

digested with EcoRI restriction enzyme. The DNA fragments 

were separated on agarose gels and transferred to 

nitrocellulose membranes. Because of the low DNA yield and 

high RNA contamination, exact determinations of insert 

fragment sizes were impossible. These membranes were 

hybridized to radiolabeled Clone-2 (Fig. 25), p6~4 (Fig. 25), 

and SEC genomic DNA (data not shown). Only the 8.1 kb band of 



Figure 24. 

.. ,. ' .. · ... ,... 

.;_. 

_\,•. 

Autoradiographs of phage library 
secondary screening. 

Positive plaques · from the primary 
screening were harvested as described in 
Materials and Methods. Eluted phage were 
replated on 10 em NZCYM agar plates at a 
density of 50-100 pfujplate. 
Quadruplicate nitrocellulose lifts were 
made of the plaques and ·each duplicate 
pair probed with radiolabeled p6-4 or 
Clone 2. 

A: ID-1 
B: IF-2 
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Figure 25. Southern blots of EcoRI digested phage 
clones probed with Clone 2 and p6-4~ 

DNA from nine phage clones was prepared 
as described in Materials and Methods and 
was digested ·with .EcoRI. The DNA 
fragments were separated on duplicate 
0.8% 6 mm agarose gels and transferred to 
nitrocellulose. The membranes were 
probed with radiolabeled~Clone 2 or p6-4. 

Gel I: phage clones hybridized to Clone 
2 probe. 

Gel II: phage clones hybridized to p6-4 
probe. 
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clone IF-2 hybridized to p6-4. The 3.8 kb band of both 

clones ID-1 and IF-1 hybridized to Clone 2. Four clones (IIG-

2, IIJ-1, IIK-1 and IIK-2) hybridiz~d to both probes. No 

strong signals were detected when hybridized to labeled SEC 

genomic DNA suggesting no repetitive sequences. 

Large scale phage DNA extraction using the CsCl banding 

procedures was attempted on clones ID-1, IF-2, IIG-1 and IIK-1 

several times with no success. Finally, enough DNA was 

obtained by a rapid DNA preparation procedure (see Material 

and Methods) to subclone the insert fragment into pBR322. 

EcoRI-digested phage DNA was ligated to pBR322 and 

transformed into competent HB101 cells. The transformed cells 

were plated onto ampicillin plates. Transformation 

efficiencies averaged 3-4 x 105 coloniesj~g DNA. Total 

numbers of transformants were 21 (ID-1) and 46(IF-2). Rapid 

plasmid preparations were made of all transformants as 

described previously. The DNA subclones were digested with 

EcoRI and DNA fragments were separated on agarose gels to 

identify transformants containing inserts. Bacteria harboring 

plasmids with insert were frozen. Subcloning had succeeded 

for most of the small insert fragments of the. two clones. 

However, the larg.e fragments known to be present (a 7 • 3 kb 

insert in ID-1 and 7.4 and 8.1 kb inserts in IF-2) had failed 

to be subcloned. 

Two of tne subcloned fragments were chosen to prepare for 

use as walk step probes. Large scale plasmid preparations of 
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the 1.8 kb subclone of ID-1 (pL1.8) and the 3.0 kb subclone of 

IF-2 (pR3.0) were done. These two fragments were radiolabeled 

·and used to probe blots of normal and thalassemic mouse 

genomic DNA samples digested with EcoRI. In all cases the 

thalassemia mutations were on a C57BL/6 background. As is 

evident in Figure 26, the 1.8 kb fragment from the left end 

walk step proved to contain a highly repetitive sequence and 

was, therefore, not useful as probe. Hybridization with the 

3.0. kb fragment from the right end walk step gave .a fragment 

pattern identical to the p6-3 probe (see Figures 27 and 11) 

and therefore revealed no new information. 

Large scale DNA preparations of ID-1 and IF-2 were 

achieved in the laborat·ory of Dr. Margaret Kirby. IF-2 phage 

clones were digested with EcoRI and fragments were separated 

by pulsed-field gel electrophoresis (Fig. 28). The DNA was 

transferred to nitrocellulose and hybridized to radiolabeled 

pLl.S and pR3.0. The appropriate 1.8 kb and 3.0 kb bands were 

revealed on the blots·confir.ming these subclones were valid 

(Fig. 29). This gel also gave us our first accurate notion of 

the number and sizes of ine;erts in each clone. Clone ID-1 

contains three insert fragments of 7.3, 3.8 and 1.8 kb. Clone 

IF-2 contains seven insert fragments of 8.1, 7.4, 3.5, 3.0, 

2.6, 2.1 and 0.6 kb (see Fig.28). 



Figure 26. Genomic Southern blot of normal and thal
assemic mouse DNA digested with EcoRI and 
probed with pL1.8. 

Reaction conditions and processing proce
dures were identical to those described 
in Figure 9. 
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Figure 27. Genomic Southern blot of normal and "thal
assemic mouse DNA digested with EcoRI and 
probed with pR3.0. 

Reaction conditions and processing proce
dures were identical to those described 
in Figure 9. 
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Figure 28. Pulsed field agarose gel electrophoresis 
of clones ID-1 and IF-2 digested with. 
EcoRI. 

DNA from clones ID~1 and IF-2 (1 !J.g) were 
digested with. EcoRI' and fragments 
separated on 1% 3 mm agarose gels by 
pulsed field electrophoresis. 
Electrophoresis conditions were 75 volts, 
18 hr, · 1i° C at a 1.5:0.5 millisecond 
pulse ratio. 

Lanes 1 and 4, 1 /).g lambda phage DNA di
gested with Hindiii; Lanes 7 and 8, .1 !J.g 
lambda phage DNA digested with EcoRI; 
Lanes 2 and 3, phage clone ID-1; Lanes 5, 
6, 9 and 10, phage clone IF-2. 
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Figure 29. Southern b,lot of EcoRI digested clones 
ID-1 and IF-2 ·probed with pL1.8 and 
pR3.0. 

The agarose gel pictured in Figure 28 was 
cut into three sections. Each section 
was Southern blotted. The section 
containing the ID-1 clone digest was 
hybridized to radiolabeled pL1.8. One of 
the sections containing the IF-2 clone 
digest was hybridized to radiolabeled 
pR3.0. 
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Because of the ample quantity of DNA available, a more 

direct approach for obtaining insert fragments for use as 

probes was used. To purify each insert fragment, subcloning 

was bypassed in favor of low melting point agarose gel 

electrophoresis. Five or ten ~g of DNA was digested with 

EcoRI and electrophores-ed on 1. 2% or 1. 5% low melting point 

agarose gels (Fig. 30). _·Each fragment was excised from the 

gel and radiolabeled. As little as 18 ng of DNA was 

successfully labeled and used as probe. The only problem 

encountered was due to a loss of resolving ability above 

approximately 6 kb. For this reason, the 7.4 and 8.1 kb 

inserts of If-2 were difficult to separate. A good deal of 

phage arm contamination was evident in these fragments as 

well. Figure 31 shows the thalassemic and normal mouse 

genomic EcoRI digested DNA fragments hybridized to 

radiolabeled pR8.1. The major band identified is-8.1 kb in 

98 

·size and varies in intensity; the normal mouse DNA lanes 

contain bands of stronger intensity. than the thalassemic mice. 

Also, the CE sample possesses a larger g·. o kb fragment instead 

of the usual 8.1 kb band. This result is interpreted as an 

insertion present in CE. 

Using the 7.4 kb fragment (pR7.4) as probe, th~ fragments 

identified are identical to those identified by pR8.1 except 

for a 6.7 kb fragment present on the· pR8.1 blots (see Figures 

31 and 32). Because the intensity of this band-does not 



Figure 30. Low melting point agarose gel of EcoRI 
digested-clones ID-1 and IF-2. 

1.5% low melting point agarose gel. 5 J.Lg 
ID-1 and IF-2 . DNA were digested and DNA 
fragments ·were separated by electro
phoresis for 15 hr at 25 volts. Bands 
were visualized with ultraviolet light, 
sliced out of the gel and stored at 
-2o0 c. 

Lane 1, 2 J.Lg phiX17 4 DNA digested with 
Haeiii; 2, ID-1; 3, IF-2; 4, 1 J.Lg lambda 
phage DNA digested with Hindiii. 
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Figure 31. Genomic Southern blot of normal and 
thalassemic,mouse DNA digested with EcoRI 
and probed with pR8.1. 

Reaction cortditions and processing 
procedures were identical to those 
described in Figure 9. pRB.l recovered 
from the 1.2% low melting point agarose 
gel (see Fig.30), was bbiled to melt the 
agarose and the volume was measured to 
determine the approximate DNA 
concentration. 130 ng of DNA was 
radiolabeled for use as probe. 
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Figure 32. Genomic Southern blot of normal and thal
assemic mouse DNA digested with EcoRI and 
probed with pR7.4. 

Reaction conditions and processing proce
dures were identical· to those described 
in Figures 9 and 31. Approximately 150 
ng of pR7.4 DNA was radiolabeled for use 
as hybridization probe. 
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correspond to the expected pattern of thalassemics versus 

normals (the thalassemic th-J is darker than the normal C57L 

and SEC samples) it is most likely not from chromosome 11. 

The 7.4 kb fragment is thus probably a cloning artifact 

derived from a deletion in the· 8.1 kb fragment. The 

additional 0.7 kb ·present in the 8.1 kb probe enable it to 

recognize the 6.7 kb fragment from another part of the genome. 

Figure 33 shows EcoRI digested genomic DNA hybridized to 

pR3.5. In all cases, a 3.5 kb band is identified. The th-J 

and 27HB thalassemic samples possess bands of approximately 

half the intensity of the normal samples as expected if the 

region is deleted on one of their chromosomes. The third 

thalassemic sample, B6.352, appears to have a band of equal 

intensity to the normal mouse samples suggesting it may be 

present on both chromosomes. However, these are preliminary 

results and more analysis is ne~ded before this conclusion can 

be certain. It is especially suspicious since fragments that 

appear to be farther 3' on the chromosome are most probably 

d'eleted. 

Hybridization of EcoRI diges.ted mouse genomic DNA samples 

to pR2.6 reveals multiple DNA fragments (Fig. 34). 'The major 

band homologous to the probe is approximately 17.9 kb in size 

in strain CE and 12.9 kb in C57L and the related C57BL/6 

strains. Since the probe binds more extensively to this 

region than to itself, multiple copies must be present on 



Figure 33. Genomic Southern blot of normal,and thal
assemic mouse digested with EcoRI and 
probed with pR3.5. 

Reaction conditions and processing proce
dures were identical to those described 
in Figures 9 and 31. Approximately 41 ng 
of pR3.5 DNA was radiolabeled for use as 
hybridization probe. 
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Figure 34. Genomic Southern blot of normal and thal
assemic mouse digested with EcoRI and 
probed ~ith pRa.6. 

Reaction conditions and processing 
procedures were identical. to those 
described in Figtires 9 and 31. 
Approximately 28 ng of pR2.6 DNA was 
radiolabeled for use as hybridization 
probe. 
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these large fragments. It is known that regions just 

downstream from both alpha-globin genes are repetitive. The 

17.9 and 12.9 kb fragments could actually be the 15 kb and 

12 kb EcoRI fragments of CE and C57L, respectively, that spans 

the alpha-2-globin gene. A second major band is seen at 

11.5 kb which may correspond to the 10.4 kb EcoRI fragment 

spanning the alpha-1-globin gene in both cases (CE and C57L 

and B6). These major bands, as well as the smaller 2.9 kb 

band that represents the probe itself, vary in intensity with 

normal samples being more intense than thalassemic. This is 

good evidence that those fragments are from chromosome 11. 

Some of the more minor bands (9.4 kb, 7.8 kb and 3.8 kb) do 

not appear to vary in intensity and may be derived from other 

regions of the genome. The 2.9 kb band in B6.352. is question

ably weak suggesting it may be present in both chromosomes. 

When EcoRI digested genomic DNA is hybridized to pR2.1, a 

single 3.8 kb band is evident in all samples except spretus· 

(Figure 35). Spretus is a completely different species and is 

often divergent from the other inbred species tested. Th~ 

single fragment identified in all other samples is 3.8 kb in 

size and is decreased in intensity in the thalassemic samples 

suggesting it is deleted in them. Since. a 3. 8 kb fragment is 

identified instead of a 2.1 kb piece, this result is 

interpreted as a polymorphism between the BALB/c ·strain from 

which the phage l~brary was made and the species tested. SEC, 



Figure 35. Genomic Southern blot of no'rmal and thal
assemic mouse DNA d~g.ested with EcoRI and 
probed with pR2.1. 

Reaction ~onditions and processing proce
dures were identical to those described 
in Figures 9 and 31. Approximately 1'9 ng 
of pR2.1 DNA was radiolabeled for use as 
hybridization probe. 
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CE and B6 all lack the EcoRI site producing the 2.1 kb 

fragment in BALB/c and, therefore, the larger 3.8 kb fragment 

is identified. Since the 2.1 kb fragment is on the end, the 

1.7 kb fragment that must be adjacent to it is not included in 

the phage. 

The left hand walk step, pL7.3, gave no useful results 

when used to probe EcoRI digested mouse genomic DNA (data not 

.shown). No bands were identified, possibly indicating no 

mouse DNA in the probe. This result could have been caused by 

two different mechanisms. Either the 7.3 kb fragment is 

actually a stuffer piece from the Charon 4A vector that was 

not cleaved out prior to ligating the mouse fragments to the 

phage arms; or what was sliced out and labeled from the low 

melting point agarose gel was not the 7.3 kb band of interest 

but was the 11.0 kb phage arm. The probe hybridized heavily 

with the lambda phage marker lanes indicating it was 

originated from phage. 

Together, these preliminary results suggest that the 

deletions responsible for all three mouse alpha-thalassemias 

probably include an additional 12.3 kb 3' to p6-4. Because of 

the repetitive nature of pL1.8 and the questionable origin of 

pL7.3, no further information as to the·S' endpoints could be 

determined. 
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DISCUSSION 

The major goal of this research was to ascertain the 

genetic mechanism responsible for the generation of the novel 

AKXL-7 alpha-globin genotype. Evidence gathered in this study 

indicates a homologous recombination occurred in the alpha

globin gene region during the production of the AKXL-7 

recombinant inbred strain. Genetic reassortments of this type 

are important to study for a variety of reasons. The 

understanding of sequences, chromosomal configurations and 

proteins responsible for controlling recombination and other 

types of genetic rearrangement is in its infancy. The 

identification of regions where known recombinational events 

have occurred enable further studies in these areas. The 

AKXL-7 phenomenon provided a new opportunity to study 

recombinational mechanisms in a mammalian system. To date, 

most work has been done on prokaryotes. Distinct sites that 

increase recombinational frequency have been identified, most 

notably the chi site of bacteriophage lambda.74,75 Proteins 

that interact with these specialized sites (recA and.recBC) 

have been extensively studied. Recently, a protein thought to 

be analogous to recA has been.found in U~tilago maydis (corn 

smut fungus).76,77 It is postulated that similar proteins 
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will probably be found in higher eukaryotes as well. Already 

a possible chi site may have been idehtified in the mouse 

immunoglobulin region.78 This region undergoes very high 

rates of genetic reassortment.79 A 9.8 kb region of DNA in 

the I region of the murine major histocompatibility complex 
' (MHC) which has been involved in nine independent 

recombinational events has been sequenced.so A CAGG tetramer 

was found to be repeated in tandem twenty-two times (if a 

single base mismatch is allowed). This sequence bears some 

resemblance to chi (S'GCTGGTGG 3') but is even more homologous 

to the core sequence of hypervariable mini-satellites.Sl 

Hypervariable regions are known within the human alpha-globin 

gene cluster also.82 More research is needed to determine 

their relationship to an increased recombinational frequency 

there. The CAGG repeat in the mouse MHC may also be a 

potential region of Z-:DNA. A similar repeat sequence (CGGG)s 

has been found to form Z-DNA regions83 and Kmiec and others 

suggest that left handed Z-ONA is associated with 

recombinational hotspo~s.84,85 Because the crossover point 

for AKXL-7 has been characterized to within approximately 5 

kb, it would be relatively easy to.clone the crossover region 

and sequence it in order to search for any regions with 

homologies to other known recombinational sites. 

Understanding the regulation of recombinational 

mechanisms could have impo~tant consequences for future gene 

therapy. At our current level of knowledge, progress in gene 
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therapy has been slow because of the inability to properly 

control gene expression.87 Since the control of gene 

expression is very complex, perhaps our best hope is to 

integrate exogenous DNA into its proper genomic site through a 

homologous .recombination.SS If signal sequences and protein 

binding sites were better known as well as the most desirable 

substrate (for example, nicked or 9apped DNA)89,90, systems 

for "gene targeting" would be greatly improved. 

The alpha-globin locus is also well suited for the study 

of gene expression. The alpha-globin genes are not only 

regulated on a tissue specific basis, but are developmentally 

regulated as well. Until recently it was not known whether 

both human alpha-globin genes were expressed at equal levels. 

This is not the case in mice (see Table I) and is now known 

not to be the case in humans either. Liebhaber91 used eight 

different human alpha-globin gene mutants to compare alpha 2 

vs alpha 1 expression as r.aflected in both mRNA and protein 

levels. In every case he saw a 2-3 fold higher amount of the 

alpha 2 gene product. When analyzing silent DNA mutations, an 

equal distribution between alpha 2 and alpha 1 is found. 

However, when analyzing point mutations that are deleterious, 

the results are skewed towards alpha 2. This is due to the 

fact·that a deleterious mutation in the alpha 1 gene decreases 

alpha-globin synthesis by only approximately 13%, while an 

alpha 2 mutation decreases production by 37% and, therefore, 

is much more readily detectable. Bowden92 supported these 
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conclusions when studying two types· of alpha-thalassemia in a 

Melanesian population. He found that the leftward deletion 

(which removes alpha 2) patients had increased levels of Hb 

Bart's (gamma4) indicating a higher alpha-globin chain 

deficit. Weaver12 sequenced several mouse alpha-globin 

haplotypes and found that in every case examined in which 

there is unequal expression· of different globin proteins, the 

left or 5' gene (alpha 1 in mice} is expressed at a higher 

level than the right. This pattern of expression apparently 

holds true in ~the AKXL-7 mouse also.. The left gene codes for 

chain 1 which is present in approximately 2-3 fold excess of 

chain 5. Therefore, the flanking regions of the alpha-globin 

genes could be highly informative regarding control of 

expression. 

The alpha-globin gene region is also useful as a syste~ 

for studying the evolution of genes and gene families. In 

mice, the region has proven to be highly polymorphic. 

Polymorphisms shared by different haplotypes are an indicator 

for their evolutionary relatedness. Once a gene has 

duplicated, intrachromosomal gene conversion often works to 

provide a "concerted evolution" of the two. Weaver's sequence 

data confirm that gene conversions between the two mouse 

alpha-globin genes have occurred. Based on the known alpha-

, globin chain DNA and protein sequences, and assuming that the 

left gene is the more highly expressed, an, evolutionary tree 

can be hypothesized for the mouse alpha-globin genes (Fig. 



36). Recombination has probably had to occur repeatedly to 

place fairly divergent genes on the same chromosome, 

suggesting that a possible rec·ombination-sensitive region 

exists between the two gen~s. Also, some of the postulated 

intermediate haplotypes are either extinct or have not yet 

been detected by currently_available techniques. 

112 

An added goal of this research was to learn phage cloning 

techniques while studying the mouse alpha thalassemia 

deletions. Although the deletion endpoints of the alpha 

thalassemia mutants were not definitively loca"t:ed in this 

study, several flanking region fragments were successfully 

cloned that can be used for further chromosome walking. Some 

of the results obtained are worthy of. further study as well·. 

Two of the flanking region fragments were found to 

contain repetitive elements. The left walk step, pL1.8, was 

highly repetitive while pR2.6 (from the 3 1 end) was moderately 

repetitive. Other regions just 3 1 to the alpha-globin genes 

are known to be repetitive also. The human alpha-globin locus 

has been well characterized in t~rms of its repetitive 

elements.11,93 Recombination between some of the Alui 

elements is the probable cause of a 10.5 kb deletion in some 

types of alpha-thalassemia.94 Repetitive elements have also 

been implicated in the creation of some forms of beta

thalassemia.95 A similar phenomenon has been reported in the 



Figure 36. Hypothetical evolutionary tree of mouse Hba 
haplotypes. 

GC = gene conversion 
RC = recombination 
PM = point mutation 

shaded areas denote regions of shared 
sequence. 

*indicates haplotype has been sequenced. 

1 duplication of al locus 
2 PM in a2 results in Hbaa haplotype 
3 PM in a2, then GC of 5' region 
4 RC with Hbae. results in Hbac · 

haplotype 
5 further PM in a2 results in Hbai 

haplotype 
6 promoter mutation yields Hbag 

haplotype 
7 GC converts al to chain 5 resulting in Hba f 

haplotype .-
8 RC with Hbae results in Hbah haplotype 
9 multiple PMs in a1 result in Hbad 

haplotype 
10 PM in a2 results in chain 3 gene and Hbab 

haplotype 
11 GC in·a2 converts chain 1 gene to chain 2 gene 
·12 PM in al converts it to chain 7 gene 
13 further PM in al converts it to chain 4 gene 
14 GC converts a2 to chain 4 gen~ resulting in the 

Hbae haplotype 
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low density lipoprotein (LDL) receptor gene.96 In this 

particular case, Alui sequences present in introns 1 and 8 

misaligned and recombined resulting in duplications of exons 
-1-7. The reciprocal product would be a deletion of exons 1-7. 

The exact function (if any) of repetitive sequence 

elements is still unknown. However, several deletions in both 

LDL and globin genes have an Alui family element at one or 

both ends. Also, several of these deletion breakpoints 

occurred in sequences thought to serve as Pol III promoters. 

This observation suggests a possi_ble link between 

transcription and the deletion mechanism. Vanin97 proposed 

that_ deletions in the beta-globin region arise during 

replication as chromatin loops which are anchored· to the 

nuclear matrix bring distant regions of the beta-globin gene 

complex into close proximity. If a break occurs during the 

replication process, repair may be instituted and could result 

in a DNA region from one replication fork anchorage point 

being ligated to a replication fork at a nearby anchorage 

point resulting in the deletion of all the genetic material in 

between. The deletions studied by Vanin and Smithies (gamma

delta-beta-thal 1 and 2) are both approximately 90 kb in 

length. Chromatin loops range in size from 30-200 kb with an 

average size of so kb98 placing these deletions within the 

proper size range. Furth~r- -evidence suggesting that DNA 

breakage (and therefore deletion) may occur during replication 
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cites GC content of deletional endpoints. Although 

hypomethylated Ge-rich regions are generally associated with 

actively transcribing genes, they have also been implicated in 

prokaryotic recombination99 and early-replicating DNA.100 

Pulsed field gel electrophoresis has revealed that the human 

alpha-globin r~gion is embedded in a high GC environment. 101 

The 3' region from +27 kb to +29 kb has a particularly high 

hypomethylated CpG content and is also the site of many alpha 

thalassemia deletional endpoints. If, in fact, DNA is 

especially fragile in regions of chromatin loop anchorage 

during replication, repetitive DNA may be involved in the 

repair mechanism and thus account for its prevalence 

throughout the alpha- and beta-globin clusters. Because many 

repetitive elements contain polyA tails, it has been suggested 

that repetitive elements insert into the genome via mRNA 

intermediates.102,103 Voliva102 postulates that the insertion 

of a eDNA copy of the repetitive elements holds broken ends of 
\ 

gapped DNA together by weak homology, and repair proteins 

recognize the complex to ~nitiate gap repair. Thus, each 

inserted repetitive sequence represents a place where the· 

chromosome has been repaired. 

The alpha-globin locus appears to be a highly volatile 

region in terms of genetic stability. Maniatis2 reported 

cloning artifacts in which phage harboring inserts from the 

alpha-globin locus would spontaneously delete regions 

identical to naturally occuring alpha-thalassemia deletions. 
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A similar phenomenon was reported using a retrovirus vector to 

study the mouse alpha-globin region.104 In the results 

presented here, several probable cloning artifacts involving 

deletions were encountered. The 8.1 kb and 7.4 kb 3' 

walksteps appear to be identical. The 7.4 kb fragment 

probably resulted when a deletion occurred during the 

propagation of the phage. Also, four clones hybridized to 

both Clone 2 and p6-4 during the secondary screening of the 

phage library. Since Clone 2 and p6-4 are separated by a 

distance of over 24 kb, it is highly unlikely that a phage 

harboring the entire region overlapping both probes is the 

cause. It is more likely that a deletion occurred in the 

region during the production of the phage library to bring the 

two distant regions close together. Again, repetitive 

elements that increase intrachromosomal recombination may be 

involved. In humans, the Sau3A family of repetitive DNA 

increases the·production of extrachromosomal covalently closed 

circular oligomers by 30 fold.105-106 

Once the endpoints of the ·mouse alpha-thalassemia 

deletions are found,. the deletion junction fragments will be 

useful to clone and use .for bidirectional "chromosome 

hopping." Evidence indicates that the c-Erbb locus is linked 

to the alpha-globin locus in mice.l07 It is known that mice 

that are homozygous for alpha-thalassemia die at a very early 

embryonic age before the onset of hemoglobin production. The 

Erbb locus codes for the epidermal growth factor receptor 
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protein and may therefore be critical to early embryonic 

development. If the Erbb locus has been deleted along with 

the a-lpha-globin complex, the early embryonic death of the 

homozygous offspring ·would be more logical. Even if the Erbb 

structural locus is intact, regions controlling expression 

could be affected in a manner similar to gamma-delta-beta

thal-1.106 In gamma-delta-beta-thal-1, the beta-globin ge~e 

is intact but not expressed. It has been shown that the 

affected beta-globin gene has a decreased sensitivity to 

DNase I dige·stion and an increase in the degree of methylation 

similar to unexpressed chromatin regions. The region that is 

newly juxtaposed to the beta-globin gene is from an 

untranscribed region and has ·identical DNase and methylation 

properties in the normal chromosome. Therefore, the fla!'lking 

DNA in gamma-delta-thal-1 is conferring its inactive chromatin 

conformation on the beta-globin gene.108,109 A similar 

process may be at work at the Erbb or some other structural 

locus when the alpha-globin complex is deleted in the three 

forms of mouse alpha-thalassemia. 
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SUMMARY 

The experimental findings of the AKXL-7 research are 

summarized in Figure 37. These results show that the AKXL-7 

recombinant inbred mouse strain inherited the 5 1 region of the 

alpha-globin gene complex from the C57L parent. The 3' region 

was inherited from its AKR parent. The apparent homologous 

recombination occurred in the intergenic region between the· 

Bglii polymorphic restriction site and the BamHI site. 

Figure 38 summarizes the results of the mouse alpha

thalassemia study .. The probable order of the phage insert 

fragments are indicated as well as the extents of the 

deletions. Although no final delineation of the deletion 

endpoints was determined, other valuabl~ information was 

obtained. 



Figure 37 .. ~ap of the mouse alpha-globin gene region 
and haplotypes of various mouse strain~~ 

Haplotype map of the mouse alpha-globin 
gene region~ A + indicates the presence 
of a restriction enzyme cleavage site; a -
indicates the lack of a restriction enzyme 
cleavage site. NT indicates the sample was 
not tested. Also the alpha-globin chain 
postulated to be expressed at each position is 
indicated. 
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Figure 38. Map of the mouse 
showing the extent 
deletions. 

alpha-globin locus 
of the thalassemia 

Prob~ble order of phage walk step 
fragments are also indicated. 
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APPENDIX 

Abbreviations used in this investigation: 

·symbol 

Ac 
Ca 
Cl2 
Cs 
K 
Mg 
Na 
H2P04 
EDTA 
SDS 
BSA 
PVP 
dCTP 
ATP 
poly A 
dH20 
J.Ll 
Ci 
J.LCi 
kb 
bp 
nm 
cpm 
M 
mM 
rpm 
pfu 
RFLP 

Name 

acetate 
calcium 
chloride 
cesium 
potassium 
magnesium 
sodium 
.phosphate 
·ethylenediamine tetraacetate 
sodium dodecyl sulphate 
bovine serum albumen 
polyvinyl pyrrolidone 
deoxycytidine triphosphate 
adenosine triphosphate 
polyadenylate 
distilled water 
microliter 
Curie 
microcurie 
kilobase 
base pair 
nanometer 
counts per minute 
molar 
millimolar 
revolutions per minute 
plaque forming unit 
restriction fragment length polymorphism 



Media and solutions used in this investigation: 

Luria-Bertani Broth (LB) 
per 1 liter: 

Bactotryptone 
Yeast extract 
NaCl 

pH to 7.4 
Autoclave 

10.0 g 
5.0 g 

10.0 g 

Add 15.0 g bactoagar for plates. 
Add 50 J,£gjml Ampicillin as requir.ed. 
Add 20 J,£gjml Tetracycline as required. 

NZCYM 
per 1 liter: 

NZ amine 
NaCl 
Yeast extract 
Casamino acids 
MgS04 

pH to 7.5 

10.0 g 
5.0 g 
5.0 g 
1.0 g 
1.2 g 

Add 15.0 g bactoagar for plates. 

SOC Media 
per 100 m1: 

Bactotryptone 
Yeast extract 
NaCl 
KCl 

Glucose 

2.0 g 
0.5 g 
1.0 ml 1 M Stock 
0.25ml 1 M Stock 

mix and autoclave 

1.0 ml 

1.·o ml 

2 M Stock (filter 
sterilized) 

2 M Stock (filter 
sterilized) 

Bring up to volume with distilled water 
pH to 6. 9-7·. o 
Filter sterilize complete medium. 



lOX Craig's Buffer 

0.4 M Tris 
0.05 M NaAcetate 
0.012 M EDTA 

pH to 7.8 and autoclave 

5M KAc 

60.0 ml 5 M KAc 
11.5 ml glacial acetic acid 
28.5 ml dH2o 

Solutions for pri~ary an~~secondary phage libr~ry screening. 

lOX SSCP 

1.12 M NaCl 
0.15 M NaCitrate 
0.13 M KH2P04 

10 mM EDTA 

pH to 7.2 

4X SET 

0.6 M NaCl 
0.12 M Tris, pH 8.0 

8 mM EDTA 

lOX Denhardt's Solution 

per 200 ml: 

10 ml 4% PVP 
10 ml 4% Ficoll 
0.4 g BSA 

2 ml 10% SDS 

Wash Solution 

4X SET 
lOX Denhardt's solution 
O.t% SDS 



Prehybridization Solution 

4X SET 
lOX Denhardt's 
0.1% SDS 
0.1% NaPP 
50 ~gjml salmon sperm DNA 
10 ~gjml E. coli DNA (preboiled to denature) 
10 ~g/ml polyrA 

Posthybridization S~lution 

4X SET 
lOX Denhardt's 
10 ~gjml polyrA 
0.1% SDS 
0.1% NaPP 
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