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INTRODUCTION 

I. Review of Rela:ted Literature 

The synthesis of human hemoglobin proteins is governed by at least 

eight genes. There are three alpha (a) globin related genes which include 

two 's and an embryonic z~ta (l;) gene, and five non-alp'ha genes which, 

include two gammas (Gy and Ay), and a delta (o), a beta. (6) and an 

embryonic epsilon (e:) gene. 

The pattern of globin chain production is fairly well defined. In 

the· early embryo, e:-chain synthesis is first activated, followed- .closely 

by et-chain production. Alpha chains combine first with e:-chains to form 

Hb Gower 2 (~e:2 ) (Heuhns et al., 1961), and then with Y-chains to pro

duce: Hb F (~y2 ), the main hemoglobin during interuterine life. Prior to 

Hb F production, two other embryonic hemoglobins are formed: Hb Gower 

1 (~y2 ) (Heuhns et al., 1961) and Hb Portland (z;2 y 2) (Kaltsoya et al., 

1966). Hb F ·begins to decline near term; coincident with this decrease 

is a rapid increase in Hb A (et2S2) production resulting from an increase 

in S chain synthesis·. While the ~ chain had bee.n produced at a 'low level 

from about 8 to 10 weeks· gestation, after about 36 weeks gestation there 

is a rapid increase in ~ chain production. Hb A comprises about 97% of 

the total hemoglobin in the adult, the remaining 3% accounted for by 

Hb A2 (~o2 ) and a small amount of Hb F (Weatherall and Clegg, ·1976). 

Early information about ·hemoglobin genetics was obtained from family 

studies on the transmission and interaction of the genes for structural 

hemoglobins variants or thalassemia. Data from such studies indicated 

that the c:t and 6 genes were not closely linked (Smith and Tarbut, 1958), 

whereas the Ay, 0y, 8 and S genes seemed to be linked (Baglioni, 1962; 

HUisman et al., 1962) on the same chromosome. Family studies also 
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indicated that there was probably more than one a· chain gene per haploid 

genome, in some human populations (Lei-Injo et al., 1974; Abramson. et 

al.' 1970). 

Mo~e information on hemoglobir{: ~enetics has been gained through . 

molecular hybridization techniques which enable a direct study of the 

genetic composition of human DNA. Liquid hybridization, in which total 

DNA has been hybridized ·to relatively pure complementary DNA (eDNA) 

prob~s, makes it possible to obtain approximate estimates of globin-chain 

loci. Such experiments indicated that the a globin genes are duplicated 

(Ottolenghi,, 19.74) in at least some populations, and that. the B and o 

chains are coded for by a single loci (Ramirez et al. , 197 5; Ottolenghi et 

al. , 1975) • Hybridization studies have also characterized the thalassemias: 

Ottolenghi et al. q974) demonstrated that a thalassemia-! results from 

deletion of both a globin genes per haploid chromosome; Kan et al. (1975) 

demonstrated that a thalassemia-2 is due to a deletion of one of the two a 

globin genes, or to a nondeletion form in which the a globin genes are 

present, but the mRN A is unstable (Kan et al., 1977). Liquid hybridiza

tion studies have also shown that in 8 o thalassemia, the 8 •globin g~nes 

are present in the majority' of cases ( Tolstoshev et al. , 197 6) • 

In conjuncti9n with liquid hybridization, the availability of restriction 

endonucleases has provided a more detailed analysis of the .number, order 

and s.tructure of the hemoglobin genes. Since certain of these endonu

cleases cause double stranded breaks in specific sequences of DNA, they 

provide. a reproducible fractionation_ of the genome (Smith and Wilcox, 

1970). Restriction enzyme cleavage maps of the hemoglobin genes have 

subsequently been constructed with promising results: Orkin (1978) has 

found evidence for the. duplication of the a globin genes, whereas, 



3 

Flavell et al. (1979) confirmed the physical linkage of the 6_-like genes and 

ordered them in direction 5'-Gy-Ay-o-S;..3'. 

R:estriction endonuclease mapping has also confirmed the cause of 

some thalassemias. Orkin (1978) de-monstrated that a. thalassemia-! resulted 

from deletion of both -~ globin genes; Orkin 'et a1. (1979) similarly showed 

that et thalassemia~2 could be caused by a non deletion. Mapping of the S 

globin genes by Flavell et- al. (1979) showed that the 'a- globin, genes were 

present in a majority of B thalassemia studies. Hereditary Persistence of 

Fetal Hemoglobin (HPFH} and cSS thalas~emia have been shown to be due 

to deletion of the 8.' and 6 loci (Meats et al., 1978; Orkin et al., 1978). 
I 

Along with physically defining hemoglobin gene organization, restric-

tion endonuclease analysis has determined the· presence of intervening

sequences within structural globin gene sequences. Inserts of approxi::-

mately 750 bases and 1000 bases have been found in the B globin genes of 

the mouse (Tilghman et ~., 1978), rabbit (Jeffreys a~d Flavell, 1977), 

and human (Mears et al., 1978). Inserts of about the same size have· 

been found within the human o globin gene (Mears et al. , 1978) and y 

globin· gene (Little et al •. , 1979). Two inserts of 95 bases and 120 bases 

have also been found within the mouse (Nichioka and Lede_r, 1979) and 

human (Lauer- et al., 1980) a globin genes •. 

Extending the applicability of restriction endonuclease technology, 

Orkin et al. (1978) made a prenatal diagnosis _of_ a fetus at risk for of.rthal

assemia. This study demonstrated the clinical significance of restriction 

endonuclease analysis in the diagnosis of certain hemoglobin disorders. 

Kan and Dozy (1978) applied restriction enzyme methodology to the 
i:y·-

prenatal diagnosis of sickle cell allele gene, but not by directly detecting 

the sickle cell mutation. They found Haemophilus parainfluenzae I 
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( Hpa I) polymorphism to be linked with 87% of Hb S genotypes and esti-

mated that their diagnostic_ tool was applicable to 60% of pregnancies at 

risk.. Feldenser et al. , (1979), however, found that. the associated Hb S 

polymorphism occurs considerably le~'sr ·frequently than described by Kan 

. and Dozy. The genetic marker was present only 42% of the time, and 

t~us its usefulness for Hb S detection was less than origi.nally suggested. 

Phillips .et al. (1980) recently exten~ed the applicability of using the 

Hpa I polymorpl';tism in the diagnosis ·of sickle cell anemia. They combined 

the Hpa I analysis· with a second polymorphic Haemophilus influenzae R2III 

(Hind Ill) site associated with the ihtervening sequence regions of the Ay 

and/or 0 y genes. The chances of diagnosis of sickle cell status, by their 

estimation, could increase to 80% by this type of analysis. 

II. Statement of the Problem 

Studies were undertaken to determine whether or not the same tech-

niques that have been used to m~p the globin genes and to detect thalas-

semic lesions could also be applied. to the detection of the molecular lesions 

responsible for hemoglobin variants. Since most variants differ from 

normal by a single. amino acid substitution (Bunn et al., 1977) th·e struc

tural alteration of the variant can be explained by a single base substi

tution in the corresponding triplet codon of the globin gene.. This change 

in nucleotide sequence could create or eliminate a restriction enzyme 

recognition· sequence. Thus, restriction ·enzyme digestion displayed by 

electrophoresis should generated new DNA fragments that are absent in 

the control DNA restriction pattern. 

Three variants were analyzed in this study: Hb Atlanta, Hb G 

Georgia, and Hb S e Hb Atlanta, an unstable variant of the 8 chain 

(Hubbard et al., 1979), results from a leucine to proline substitution at 
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amino acid residue 75. The normal DNA sequence of 5' GCC-CTG-GCT 3' 

(Marotta et al., 1977) (G, guanine; A, adenine; T, thymine; C, cytosine) 

at that position is probably altered to GqC-CGG-GCT, with the generation 

of a Moraxella. species I (Msp I) restriction endonuclease site of CCGG. 

Therefore, a fragment greater than 1400 base pairs (bp) would be pre

dicted for control lymphocyte DNA digested with Msp I, whereas two 

fragments, greater than 400 bp and 1000 bp, would be. predicted for· Hb 

Atlanta DNA digested with Msp I. 

Hb G. Georgia results from a proline to leucine substitution at amino 

acid residue 95 of the a globin chain (Huisman et al., 1970). The ·normal 

nucleotide sequence of GAC•CCG~GUC (Wilson et al. ,' 1979) is most prob~ 

ably altered to GAC~CUG-GUC, with the loss of a Msp I restriction 

enzyme site, CCGG. Since the a globin genes are duplicated (the left

ward gene, in terms of transcription, referred to as the 5' gene; the 

rightward gene, the 3' gene), lymphocyte DNA from nonvariant. individ

uals should yield 4 fragments: a fragment greater than 500 bp containing 

the 5' portion of the 5' gene; a 360 bp fragment containing the 3' portion 
. ' 

of the 5' gene; a 3000 bp fragment containing the intergene region to the 

Msp I site and a 330 bp fragment containing the 3' portion of the 3' gene. 

Digests of Hb G Georgia should be expected to yield ~ fragment greater 

than · 880 b.P if the variant was located in the 5' gene, or a fragment 

3, 800 bp if the variant was found in the 3' gene. 

Hb S results from a glutamic acid. to valine substitution at position 6 

of the 8 globin chain (Ingram, 1959). The nucleotide sequence of CCT- , 

GAG-GAG (Marotta et al., 1977) is altered to CCT-GUG-GAG with the loss 

of a Moraxella nonliquefacians I (Mnl I) restriction endonuclease site of 

GAGG.. Four other Mnl I restriction endonuclease sites exist in the coding 
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region of the S globin gene. These sites are positioned such that the 

fragment difference between control and sickle cell is 10 bp: the control 

pattern would yield 2 fragments, 10 bp and 60 bp, and the sickle cell 

pattern would yield one fragment of:·~79 bp. 

Re~e·ntly, Hb 0 Arab mutation (S
121 Glu-+-Lys) has been detected 

(Phillips et al., 1979) using the same techniques described in this study. 

The variant altered the normal Eco Rl restriction endonuclease cleavage 

pattern thus eliminating the Eco Rl cleavage site within· the S globin gene. 

This demonstrates that the rationale and the procedures of this project 

should be applicable to the detection of other hemoglobin variants. 



MATERIALS AND METHODS 

I • Materials 

Peripheral blood samples were obtained through collaboration with the 

staff of the Comprehensive Sickle Cell Center and -Protein Chemistry Labo

ratory (Medical College of Georgia, . Augusta, Ga.). After obtaining the 

written consent of subj_ects, 25 ml - 50 ml of blood was collected in ED'r A 

vaGutaiiler tubes or heparin tubes and transported on ice to our labora-

tory. 

The Bacillus globigS! (Bgl L II), Haemophilus· aegyptus (Hae. III); , 

Haemophilus influenzae, Rdlll (Hind lii), Msp I, Escherichia ~oli Rl (Eco 

Rl), ·Streptomyces achromogenes I (Sac I) were purchased from New 

England Biolabs, Inc., Beverly, Mass. The restriction endonuclease 

Bacillus amyloliquefacians HI (Bam HI) was obtained from· Biotec~ 

Benson, Md. Agarose, B grade, was obtained from Calbiochem-Behring 

Corporation, La Jolla, Calif. Poly(A) was purchased from Collaborative 

Research, Waltham, Mass. · Tryptone and yeast extract were obtained from 

Difco, Detroit, Mich. D N ase. I from bovine pancreas, grade II, was pur

chased from Boehringer-Mannheim, Indianapolis, Ind.- Aminobenzyloxy-

methyl paper was obtained from Enzo-Biochem Research Products, 

New York, N.Y. Acrylamide, N ,N'-methylene bisacrylamide, N ,N ,N' ,-N'~ 

tetramethylethylene-diamine ( TEMED) and polyvinylpyrrolidine were 

purchases from Eastman Organic Chemic:¥s, Rochester, N • Y. Bovine 

serum albumin was obtained from Grand Island Biological Company, 

Grand Island, N ._Y. Cesium chloljc;ie, technical grade, was purchased 

from Kawecki Beryko Industries, Inc., Reading, Penna. Proteinase K 

was purchased from Eo M. ·Merck Co., Germany e The four deoxyribo

nucleoside triph.osphates (dATP, dCTP, dGTP, dTTP) were ·purchased 
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from P-L Biochemicals, Inc., Milwaukee, Wis. Sephadex G~75 and Seph

adex G-100 were obtained from Pharmacia, Uppsala, Sweden~ BA85 and 

BA83 nitrocellulose filters were obtained from Schleicher and Schnell, 

Keene,. N·.H. Agarose, type II, ch.19ramphenicol, dextran sulfate, DNA 

from salmon testes, type III , ficoll and RN ase A from bovine pancreas, 

. type XIIA, were all purchased ,.from Sigma Chemical Company, St. Louis, 

Mo. RP. developer, X-ray 'fixer and X-omat RP film were purchased. from 

Eastman K adak Company, Rochester, N.Y. Lightening plus intensifying 

screens were obtained from DuPont. 3 2 P-labelled deoxytriphosphates 

were obtained from New England Nuclear, Boston, Mass. 

II. . Methods 

A • Plasmid DNA I solation 

Plasmid DNA was isolated by the method of Guerry et al., 1973. 

Normally .. 4· liters of E. coli cells containing either JWlOl, JW103, or JW151 

plasmids (Wilson et ·a1., 1978) were grown at 37°C to mid-~og phase in 

Luria broth supplemented with 0. 5% glucose. Chloramphenical (150 · 11g /ml) 

was added to inhibit host DNA replication without interfering with the 

plasmid DNA replication. After Vigorous agitation at 37°C for 18-24 hours, 

the cells were harvested by centrifugation at 3, 000 x g for 2 0 minutes. 

After resuspending the pellet in 8 0 mls of 2 0% sucrose-50 mM . Tris H Cl, 

pH 8.0, 0.25 mg/mllysozyme was added followed by sodium EDTA to a· 

final concentration of 2 5 mM in order to convert the E. coli to osmotically 

sensitive spheres which were then lysed by addition of sodium dodecyl 

sulfate (SDS) to a final concentration of 1%. After centrifugation at 

96,5000 x g for 30 minutes to remove chromosomal DNA and cell debris, 

the supernatant was treated with pancreatic RNase A (heat-treated at 

80°C for 10 minutes to destroy DNase- activity), at· a final concentration 
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of 100 }Jg/ml, for 30 minutes at 37°C ~ The sample was repeatedly depro-

teinized by shaking with an equal volume of H2 a-saturated phenol. After 

centrifuging 20 minutes at 3, o.oo x g, the aqueous layer containing the 

DNA was alcohol precipitated by adqit_~on of 5 M NaCl to a final concen

tration of 0 .15 M and two volumes of cold 95% ethanol. After storing 

overnight at· -20°C, the DNA was collected by centrifugation for 1 hour 

at 6,000 x g. The pellet was suspended in 4 ml of 50 mM Tris HCI, 
. . . 

pH 8.0. To isolate Form I plasmid DNA, the sample was adjusted with 

cesiu~ chloride to a density of 1.395 and centrifuged at 132,000 x g .for 

48 hours at 15°C. The plasmid DNA bands, stained with ethidium bro-

mide, were collected, and extracted with cesium chloride saturated isoamyl 
. } 

alcohol to remove the ethidium .bromide. The plasmid DNA bands were di

alyzed for 4 hours against distilled H2 0 in .order to remove the cesium 

chloride, and then ethanol precipitated as described previously. The 

DNA was recovered by centrifugation at 82,740 x g for 45 minutes. 

Specific cDN A copies of the a., 8, or y globin genes were then ex

cised from the plasmids. .JWlOl was digested with restriction ~ndonuclease 

Mbo II; JW151 and JW103 were digested with restriction endonuclease Hha I 

·(Dr. J. Wilson, unpublished results). The digestion products were sepa-

rated by electrophoresis in 1.5% agarose gels. The eDNA bands, stained 

with ethidium bromide, were collected and ground in a Virtis homogenizer 

in 1 ml of 1.5 mM sodium chloride, 0.15 mM sodi-um citrate per gram of gel. 

After freezing and then thawing the gel to extract the DNA fragment, the 

suspension was· centrifuged at 65,000 x· g for 35 minutes, and the super-

natant lyophilized. The lyophilized material was suspended in 1 ml ·of 

0.1 M Tris-HCI, pH 6.9, per gram of gel and agarose added to a final 

concentration 0 .. 5 mg I ml and incubated 37° C for 3 hours. After 



10 
I 

centrifuging, at 65,000 x g for 35 minutes, the supernatant was added to 

the lyophilized material and deproteinized by phenol extraction. The 

eDNA fragment was then isolated by alcohol precipitation followed by 

centrifugation as previously describf1:9·.:• 

B. Lymphocyte .DNA Isolation 

Lymphocytes were isolated from peripheral blood according to the 

procedure of Benz et al., 1975. Peripheral blood, collected in 10 ml EDT A 

vacutainer tubes, was centrifuged at ·750 x g for 5· minutes· and the 

plasma discarded. The packed cells were washed in a volume of cold 

reticulocyte saline (140 mM NaCl; 5· mM KCl, 7 mM MgC12) two times the 

packed cell volume and· centrifuged at 1000 x g for 5 minutes. After dis~ 

carding the supernatant, the cells we're washed and: pelleted by repeated 

centrifugation to remove· residual plasma proteins. Four· times the volume 

of cold reticulocyte lysing -solution (2 mM MgCI2 , l mM D T T, 0 .1 mM 

EDT A, pH 8 • 0) was then mixed with the cells for· 10 minutes on ice. The 

mixture was centrifuged at 1000 x g for 10 minutes and the supernatant 

containing the lysed reticulocytes discarded. The lymphocyte pellet was 

resuspended in 1 ml of reticulocyte lysing solution. 

The DNA was extracted from lymphocytes according to the procedure 

of Kan et al., 1978. The lymphocytes were added to a volume of lympho-

cyte lysing solution (50 mM Tris-HCl, pH 7 .5, 100 mM NaCl, 1 mM EDTA, 

0.5% sodium dodecyl-sulfate) equal to the original volume of blood. Pro-

teinase K, 0.5 llg/ml, was added to block degrading enzymes and depro

teinize. the DNA o ·The suspension was swirled for 18 hours at 37°C, and 

then extracted with an equal volume of water-saturated phenol. After 

centrifugation at 1000 x g for 5 minutes, the top aqueous layer was pipet

ted off and re-extracted with equal volumes of· phenol and chloroform. 
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The aqueous layer was .dialyzed against 50 mM Tris-HCI, pH 8.0, 10 mM 

EDT A, 10 mM N aCl to remove residual SDS and phenol for 4 hours.. The 

nucleic acids were precipitated by addition of 1/10 volume of 5 M NaC1 

and two volumes of cold 95% ethanoh·;stored in a -35°C. freezer overnight 

·or an ethanol-dry ice (~70°C) bath for 5 minutes, and then pelleted by 

_ centrifugation at 70,000 x _g for 35 minutes. The pellet was resuspended · 

in 10 mM Tris-HC~, pH 7 .5, 1 mM EDTA and ·heat-treated pancreatic RNase 

A was added to a final concentration of 50 J.lg/ml, and incubated for 1 

hour at 37°C. The sample was phenol extracted, and re-extracted with 

equal volumes of phenol and chioroforin. · The aqueous phase was alcohol 

precipitated and the DNA collected by centrifugation at ·70,000 x _g for 35 

minutes. The DNA was dissolved and stored in 5 mM Tris-HC1, pH 8.0. 

C. Restriction. Endonuclease Digestion 

Restriction endonucleases were used, to fractionate DNA. into repro:

ducib1e fragments. DNA digested with the restriction endonuclease Bam 

HI was carried out at 37°C in 6 mM Tris-HC1, pH 7 .5, 6 mM MgC12 , 5.0 mM 

NaCl, 6 mM S-mercaptoethano1, and 0.1 mg/ml bovine serum albumin 

(BSA).. Digestions with Eco· RI were performed at 37°C in 100 mM Tris

HCI, pH 7.5, 5,mM MgCI2 , 50 mM NaC1, and 0.1 mg/ml BSA. Hae III 

digestions were incubated at" 137°C in 6 mM Tris-HCI, pH 7 .5, 6 mM NaC1, 

·6 mM MgCI2 , 6 mM 6-mercaptoethanol, · and o_.I mg/ml BSA. Digestions 

with Hind III were carried out at 37°C in 60 mM NaC1, _7 mM MgCI2 , 7 mM 

Tris-HCI, pH 7 .4, and 0.1 mg/ml BSA. Digestions with Msp I were per

formed. at 37°C ~ 10 mM Tris-HC1, pH 7 .4, 10 mM MgCI2 , 6 mM KGI, 1 mM 

· DTT, ·and 0.1 m_g/ml BSA. Sac I digestions were carried_ out at 37°C in 

20 mM NaCI, 6 mM MgCI2 , 6 mM Tris-HCI, pH· 7 .. 4, 6 mM 6-mercaptoetha

nol, and 100 11g/'ml BSA. Hha I digestions were performed at 37°C in 
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50 mM NaCl, 6 mM Tris-HCL, pH 7.4, 6 mM MgCI2 , 10 mM S-mercaptoeth

anol, and 0.1 mg/ml BSA. DNA was digested from six to twenty times 

over the time required to digest the same quantity of DNA to completion 

as specified ·by the ~upplier. The ~v.erdigestion was accepted as provid

ing complete digestion of the· DNA (see results). 

D. Gel Electrophoresis 

1. A garose gels 

Horizontal slab gels were used to separate DNA samples. The 

apparatus was 20 em x 40 em and a plastic comb was used to mold the 

sample wells (1.4 em x 0.2 em) in the gel. Agarose solution was prepared 

by boiling the appropriate weight of agarose in 300 mls TEA buffer 

(40 mMTris-HCl, pH 7.9, 5 mM sodium acetate, 2 mM EDTA, after Kan, 

1977). The- solution was cooled to 60°C and cast to a depth of 4 mm. 

Once hardened, ·the comb was removed from the gel and the wells filled· 

with electrophoresis buffer. Samples were heated to 65°C for 5 minutes, 

and then .loaded onto the gel after addition of 1/10 volume dye buffer (50% 

glycerol, 0. 75 M ·EDTA, 0.1% bromophenol blue). Electrophoresis was 

performed at 2 to 3 rnA/em of gel for a period of about 18 hours. 

2 • A garose - Polyacrylamide Combination Gels 

The combination gel solution (250 m1) was prepared as follows: 

195 ml of H2 0 and the appropriate weight of agarose were· boiled; 2 5 ml of 

25% polyacrylamide ~ 1% bis, 25 ml of 10 x TEA buffer and 5 ml of 5% 

ammonium persulfate were added to the agarose solution with gentle mix

ing. TEMED (N ,N ,N' ,N'-tetramethylethylenediamine), 0.5 ml, was added 

to i_nitiate polymerization, 'and the solution cast as described above. 
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E. Southern Transfer 

DNA ·fragments in agarose gels were transferred to nitrocellulose 

illters- based on the procedure of Southern, 1975. After electrophoresis, 
. . . ' / 

the gel was immersed for· 5 to 10 miiiutes in 5 ·pg/ml ethidium bromide to 

visualize the DNA and photographed in ultraviolet light. (254 nm) with a . 

red filter on the camera. Gel sections to .be transferred- were cut from 

the gel and placed in 1.5 M NaOH·, 0.5 M. NaOH for 1 hou.r to denature the 

DNA. The solution was replaced by a solution of 3 M· NaCl, 0.5 M Tris

HCI, pH' 7.0 to neutralize the gel and left for 1 hour. 'rhe gel was then 

placed on a 3 MM Whatma~ filter pap~r-covered sponge which was im-

mersed in 20 x SSC (1 x SSC: 0.15 M NaCl, 0.015 M Na Citrate). The 
. . 

nitrocellulose filter, cut to the size of th~ gel, was soaked in H20, and 

then 20 X sse for 10 minutes, and placed on top of the gel. 'Two sheets 

of' Whatman 3 MM paper, also' cut to the size of the gel and soaked in. 

20 X sse' we~e layered on the nitrocellulose fUter. Care was taken to 

avoid trapping air bubbles between the gel and the nitrocellulose, and 

between the nitrocellulose and the Whatman papers. Eith~r toilet paper or 

unfolded paper towels, cut to the size of the gel, were then placed on 

top of the Whatman papers, and 1 kg of weight applied· on top of the dry 

paper. 

At the end of the transfer period, the nitrocellulo~e was carefully 

removed from the gel, and immersed in 2 X SSC for 10 to 20 minutes. 

The filter was then baked in a vacuum oven at 80°C for 2 hours. to irre-

versibly fix the DNA • · 

F., Diazobenzyloxymethyl (DB M) paper transfer 

Just before reaction with single~stranded nucleic acids, . aminobenzyl

oxymethyl (ABM) paper (14 x 25 em) was converted to the activated 
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diazobenzyloxymethyl form by treatment with a solution. containing 120 ml 

of 1.2 ml HCl and 3.2 ml of a· freshly prepared solution of sodium nitrate 

(10 mg/ml) for 30 minutes, the activated DBM paper was washed· five times 

for 5 minutes each with 100 mls of .~cold H2 .0 and then twice for· 10 minutes 

with 25 mM potassium phosphate buffer, pH 6. 5. Upon washing, the 

paper turned yellow. The paper was kept cold until transfer began, no 

more than 15 minutes later. 

The procedure for transfer was like that described by Southern, 

1975. The gel was treated for 1 hour in a solution of 0.5 M NaOH, 1.5 M 

N aCl, and neutralized an additional hour in 2 00 mM potassium phosphate 

buffer, pH 6. 5. The gel was placed on top of a sponge wrapped in 

Whatman 3 MM paper saturated with. 2 5 mM potassium phosphate buffer, 

pH 6;5. ,·The DBM paper was placed directly .on the gel, covered with two 

sheets of 3 MM paper saturated in 2 5 mM potassium phosphate buffer, 

pH 6 .5, several inches of paper towels and finally a- glass weight. The 

assembly was left overnight, with hybridization of the filter taking place 

the next day. · 

G . Hybridization 

Hybridization of nick-translated probes (see Methods Section I) with 

DNA immobilized on a filter was carried out according to a modification of 

the procedure of Wahl et al., 1979. Filters were prewashed for 2 hours 

at 65°C in Sears Seal-N -Save bags to re~uce nonspecific binding of dena

tured, single-stranded DNA. The prewash solution, 0.1 ml per cm 2 filter, 

consisted of 6 x sse, 5 x Denhardt's solution. [Denhardt's solution con-
. . I 

tains 0.02% (w/v) each of bovine serum albumin, polyvinylpyrrolidone, 

and ficoll, 50 mM sodium phosphate buffer, pH 6.5, 1% glycine, 10 l.lg/ml 

of poly A, and 50 llg/ml of sonicated, denatured salmon.testes DNA.] 
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The prewash was r~moved,. and the hybridization solution added at 0.2 ml 

per cm2 filter. The hybridization solution contained 2 X sse' 1 X 

Denhardt's s<;>lution, 20- mM sodium phosphate buffer, pH 6.5, 10% dextran 

sulfate, 10 J.Ig/ml poly A, 50 pg/ml of sonicated, denatured salmon testes 

DNA, and 1 ng per _cm2 (of filter) of 32 P-labelled probe which had been 

denatured by boiling for 5 to 10 minutes. Care was taken to reseal the 

bags ·without trapping air bubbles. 

The a 2 P-labelled probe was allowed to hybridize to the filter for 48 

hrs. Initially, hybridizations were performed in one) half the volume for 

one half the period of time. However, doubling both time and volume 

tended to reduce background on the f'llters, and was used for later ex

periments. 

After ·hybridization,' the filters were separately rinsed to remove 

unhybridized probe as described by Flavell, 1977. The filter was ~irst 

washed for 5 minutes at room temperature in a solution of 2 x SSG, 0 .1% 

sodium dodecyl sulfate. Two one-hour rinses at 65°G were carried out in 

the same rinse solution. A final one-hour rinse- at 65°C in a solution of 

0.2 x Sse, 0.1% sodium dodecylsulfate was performed. The-filter was 

then blotted between two sheets of Whatrnan 3 MM paper, wrapped in 

Saran Wrap, _ and autoradiographed. 

H • - Autoradiography 

Autoradiography was performed at --3S°C for varying periods of time 

depending on the intensity of the label on the filter as determined by the 

Geiger-Mueller counter. Kodak X-om_at film was preflashed, and placed 

between a ·DuPont Lightning_ Plus intensifying screen and the filter in a 

DuPont Cronex cassette. 
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I. Nick-Translation 

32 P-labelled probes for specific DNA sequences were prepared in 
. \ -

vitro by modification of the nick-translation protocol by Rigby et al. , 

1975. In a volume of 100 ~1, 1 11g o.f .the DNA to be labelled was preincu

bated ~ith 100 pg of DNase I for 15 minutes at. 37°C in ·so mM Tris-HCl, 

pH 7.8, 5 mM MgCI2 , 10 mM S-mercaptoethanol, s.pg bovin __ e serum albumin 

- (BSA), 4 wn dGTP, 4 'liM dTTP and lOOO·p moles each of .32 P""!labelled 

dATP and dCTP in order to provide ·.sufficient sites for DNA polymerase I 

to bind. The sample was put on ice for 5 minutes, 12 units of DNA 

polymerase I added, and the reaction then incubated at l5°C for 30 ~in

utes. The reaction was terminated by addition of 1/20 volume of 10% 

sodium dodecyl sulfate or by quick freezing in a dry 'ice ethanol bath. 

Unincorporated radioactivity was separated from the labelled product by 

passing the reaction over a Sephadex G-75 column equilibrated with a 

solution of 1 mM Tris-HCI, pH 7.5, 0.1 mM EDT A. Collecting 0.6 ml 

fractions, the labelled DNA usually came off the column in fraction 4 

through 7 as determined by the Geiger-Muell~r Counter, while the unin

corporated nucleotides passed through in fraction 9 through 15. Aliquots 

(20 lll) of the fractions were Cherenkov counted in a scintillation counter 
. 7 . . 8 

to estimate the specific activity which ranged from 5 x· 10 cpm to 5 x 10 

cpm per ·11g of labelled DNA. 

J. Reverse 'l'r.anscription 

cDN A was transcribed from mRN A extracted from peripheral blood by 

the procedure of Kan (personal communication). The reaction mixture 

(200 lJl) contained 50 mM Tris-HCl, pH 8.3, 60 mM NaCl, 6 mM MgCI2 , 

10 mM dithiothreitol, 200 lJil1 each of dATP, dGTP, dTTP, 10-20 ·pm 32 P

labelled dCTP, 300 pmoles oligo-dT10 , 10-40 pg/ml of globin mRN A, and 
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300-500 units of aVian myeloblastoma virus reverse transcriptase. The 

reaction was incubated for · 90 minutes at 37°C, and then stopped with the 

addition of EDT A to 20 mM. The sample was applied to a 7 ml Sephade:x: 

G-100 column to remove the unincorporated label, and the fractions 

Cherenkov counted in a scintillation- counter to estimate the specific activ

ity of the cDN A. 

k. DNA Concentration determinations 

DNA concentration determinations were performed on a Beckman 

model Spectrophotometer. Absorbance readings for DNA samples were 

read at 260 nm wavelength. The absorbance reading was divided by 2·0 

and then multiplied by the sample dilution factor (if any) to determine the 

DNA concentration as based on the· procedure of Long, 1962. Absorbance 

readings were also taken at 280 nm and 230 nm to assess respectively, 

the extent of protein and carbohydrate contamination. 



RESULTS 

I. Nick-Translation Optimization 

Nucleic acid hybridization, the reassociation of complementary strands 

to form duplex structures, is a powerful m~thod for detecting and quanti

tating specific RNA and. DNA seque_nces. Hybrf<1i'z·ation can be carried ~ut 

by a number of procedures, but to investig.at-9 unique genes within an 

entire genome, as in the hemoglobin system, it is preferable that one of 

the strands of the hybridization reaction is radioactively labelled. The 

sensitivity of hybridization, therefore, is often· a function of the _specific 

radioactivity of the· DNA- probe. 

For hybridization experiments requiring more sensitiVity than can be 

achieved with nucleic aci_ds labelled in vivo, Rigby et al. ,_ (1975) devel

oped a procedure for labelling DNA to a high specific activity in vitro. 

The method utilizes the ·ability of' E. coli DNA polymerase I to catalyze a 

reaction, termed nick-t~anslation reaction by the authors, in which nucle-

otide residues· are sequentially added to the 3' hydroxyl terminus of a 

nick in the DNA and concomitantly nucleotide units are eliminated from the 

nick's 5' phosphoryl terminus. With labelled deoxyribonucleoside triphos

phates as substrates, the pre-existing, unlabelled nucleotides in the DNA 

template are replaced by radioactive ones. The specific activity of the 

DNA, therefore, depends upon: (1) an active polymerase, (20) optimum 

nicking of the DNA by DNase I, and (3) high specific activity of the 32 P

labelled substratee 

Initial laboratory results yielded nick-translated DNA with a specific 

activity of 105 cpmh..tg. This specific activity· was not as high as was con-

sidered necessary when looking for a globin gene sequence present at one 

part per 106 ~ ·Only 10 picograms (pg) of globin ge-ne would be present 

18 
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in 10 11g of lymphocyte DNA, and therefore only 10 pg of 32 P-labelled DNA 

could hybridize with specific globin sequences. This corresponds to 1 cpm 

of hybridize a 2 P-labelled DNA. It was determined that autoradiography 

would take at least 70 days with. t:he:,.use of an intensifying screen. 

Therefore, experiments to increase the specific activity of the hybridiza

tion probe were carried out. 

A. Comparison of Three Commercially Available E-. coli Polymerase I 

Enzymes: DNA polymerase I from E: coli catalyzes the sequential addition 

of deoxyribonucleotide residues to the 3' hydroxyl end of' DNA by a poly-

merase activity and' at the same time' removes 5' phosphoryl residues 

from the 5'-terminus by a 5' to 3' exonuclease activity. Our initial ex

periments were to find the optimal commercially prepared· DNA polymerase 

I from E. coli for incorporation of labelled deoxyribonucleoside triphos

phates, and to ensure that this enzyme· saturated all available binding 

sites. With excess enzyme, the rate of nucleotide replacement should be 

dependent upon the number of nicks introduced by DN ase I. 

New England Biolabs DNA polymerase I gave better incorpora~ 

tion of 3 2 P-labelled deoxyribonucleotides than either Bethesda Research 

Laboratories or P&L Biochemicals in equivalent units at all points sampled, 

as illustrated in Figure 1. While all three enzymes should have given 

equivalent .incorporation of label, since equivalent units of enzyme were 

compared, the degree of purity of each commercial preparation varies. 

This is probably due to the amount of contaminating double-stranded 

_endonucleases .·or exonucleases which would decrease the amount available 

substrate, and thus decrease the amount of incorporation. 



Figure 1. Comparison of three commercially available E.. coli polymerase 
I enzymes. - · --

% Incorporation of 3 2 P~deoxyribonucleoside triphosphates into 
1 llg DNA as TCA precipitable counts was measured using 12 
units. of DNA polymerase I from three commercially available 
sources. Insert: % Incorporation with different concentra
tions. of DNA polymerase I from New England Biolabs. 
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Twelve units of the New England Biolabs DNA poiymerase I 

showed a more significant amount of incorporation of 3 2 P-labelled deoxy

riboriucleotides within 15 minutes compared with 6 units of enzyme, with 

much slower rate at 30 minutes, incl~c,ating that most binding sites for the 

polymerase have been saturated within the first 15. minutes with. 12 units 

of enzyme. _ The decrease in incorpor~tion at 45 minutes and 60 minutes 

was most probably due to excess D N ase I in the preincubation mixture 

which degraded the DNA with time. · Twelve units of New England Biolabs 

polymerase I per llg of DNA was thus chosen for further experiments. 

B. Effect of DNase I_ Concentra~ion on the Nick-translation ij.eac

tion: Deoxyribonucleotide residues can be incorporated· into DNA by _E. 

coli DNA polymerase l provided that a DNA strand with a 3' hydroxyl 

gro1;1p is available as primer and there- is a· suitable template strand to 

direct the order. of nucleotide addition. DNA molecules that lack a 3' 

hydroxyl terminus cannot serve as templates. Therefore, DNA is prein

cubated with DNase I to increase the number of nicks in the DNA with a 

3' hydroxyl and 5' phosghoryl termini. With excess enzyme, -the rate of 

nucleotide replacement is dependent upon the number of nicks introduced 

by DNase i. An attempt was made to optimize the concentration of 

DN ase I that would provide maximum sites for the polymerase enzyme_ 

without totally degrading the DNA substrate. 

Figure 2 illustrates_. that 100 pg of DNase I per microgram of 

DNA provided optimum incorporation of 3 2 P-labelled deoxyribonucleotides. 

Less incorporation was _demonstrated at concentrations below 100 pg. -Less 

incorporation was also seen· at 250 pg, probably the result of degradation 

of the DNA-. The absence of DNase I from the incubation mixture showed 

only 5% incorporation at the end of 60 minutes, indicating that the 



Figure 2. , Effect of -DNase I concentration on the nick-translation 
reaction. 

One 1-ig of A:. ON A was preincubated with 0, 25, 50, 100, or 
250 pg of DNase. I for 15'. at 37°C, and the % incorporation 
of 32 P-dGTP into TCA precipitable counts was then measured 
after· addition of polymerase. Insert: The effect of pre
incubation of '25 pg. of DNase I at 15°C or 37°C on 1 1-1g of 

A: DNA. 
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New England Biolabs polymerase was essentially free ·Of contaminating nu

cleases •. In addition, preincubation of DNA with DNase I at 37°C resulted 

in better incorporation than preincubation at 15°C, probably due to in-
{ 

creased activity of the enzyme at tliei; higher temperature. In subsequent 

. experiments, 1 llg D.NA was preincubated at 37°C for 15 minutes with 

100 pg DNase I to provide optimal nicking. 

C. ·Comparison of 3 2 P-GTP of Low andr High Specific Actiyjty: An 
important element in the in vitro labelling of DNA is the availability of 

high specific activity deoxyribonucleoside triphosphates. New England 

Nuclear prepares nucleotides labelle'::i to a very high specific activity 

. (3000 Ci/mmole) and to a ten-fold lower specific activity (300 Ci/mmole). 

Other laboratories (F. H. Ruddle, personal communication; A. Bank, per

sonal. ·communication) reported that the higher specific activity gave· less 

incorporation. They believed that a label of such high specific activity· 

could have a high rate of breakdown or be poorly incorporated into DNA. 

A comparison of the incorporation of both high specific activity (3000 · Ci/ 

mmole) 32 P-dGTP and low specific activity (300 Ci/mmole) 32 P-dGTP was 

·made. 

With increasing time, 3 2 P-labelled dG TP with· a specific activity 

30 0 Ci/ mmole, is better incorporated into DNA then either 3 2 P-labelled 

dCTP with a specific activity 300 Ci/mmole, or 32 P-labelled dGTP with a 

specific activity 3000 Ci/mmole (Figure 3). Less incorporation of the high 

specific activity 3 2 P-dG TP (3000 Ci/mmole) could be due to multiple fac-

tors. It may in part be due to lack of substrate from radiolytic decompo

sition of the 3 2 P-dG T P or to breakdown of the DNA from too close an 

association with the high energy beta particles of incorporated 3 2 Po 



Figure 3. Comparison of 3 2 P-dG TP of higher specific activity ( 3000 
Ci/mmole) and lower specific activity (300 Ci/mmole) from 
New England Nuclear. 

Either 40 pmoles of 3 2 P-dG TP (3000 Ci/mmole, NEN) 32 P
dGTP (300 Ci/mmole-NEN), or 32 P-dGTP (3000 Ci/mmole, 
NEN) were used as labels for the nick-translation. % Inco~
poration of label into TCA precipitable counts was measured 
with time. 
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Since DNA of higher specific activity was obtained when 300 

Ci/ mmole 3 2 P label was ,...used in the nick-translation reaction, it was de-

cided to use lower activity deoxyribonucleoside triphosphate in all further 

experiments. 

D. Time Course of Nick-translation Reaction: The results de-

scribed above indicate that the use of 12 units of New England Biolabs 
- . 

DNA polymerase I per 11g DNA, a preincubation of I 11g of DNA with 
' ' 

100 pg of DNase I for 15 minutes at 37°C, and the use of 300 Ci/mmole of 

3 2 P-labelled deoxyribonucleotides in the reaction mixture are essential 

conditions for an optimal nick-translation ~eaction. After incorporating 

these results into the nick~translation protocol, a time course of the re

action was plotted. The reaction was ended when the rate of incorpora-

tion equaled the rate of degradation. 

There is a· rapid increase in the rate of 3 2 P-labelled dCTP 

incorporation into DNA in the first 15 minutes, peaking at 30 minutes as 

· · shown in Figure 4·. Therefore, 30 minutes was cftosen for the optimal· 

time to end the nick-translation reaction. The loss of labelled nucleotide 

from the product is most probably due to the 3' to 5' exonuclease. activity 

of DNA polymerase I and the DNase I that remains throughout the reac-

tion. The optimum conditions for the nick-translation reaction in our 

system are defined in Table I. The nick-translation product is labelled to 

a specific activity of 5 x 108 -- 1 x 109 cpm/11g, providi~g an acceptable 

. specific activity with which to continue tnese studies. 

II. . Restriction endonuclease assays 

Restriction endonucleases have been isolated and purified from a 

variety of microorganisms. Certain of these restriction endonucleases 

(Class- II) recognize and cleave a specific sequence of base pairs in duplex 

\. 



Figure 4 • Time course of the nick-translation reaction. 

% Incorporation of 32 P-dGTP into TeA-precipitable counts 
was measured with time. 
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Table I 

Optimal Conditions for the Nick-Translation Reaction 

1. Use of 12 units of DNA polymerase I per 1-1g of DNA. 

2. Preincubation of 100 pg DNase I per pg of DNA for 15 minutes at 
c 37°C .Prior to 'nick-translation. 

3 • Use of 300 Ci/ mmol 3 2 P-labelled deoxyribonucleotides . in the nick
translation reaction. · 

4. Termination of the nick-translation reaction after 30 minutes. 

27 



DNA, and have become important tools for studying the function and 

structure of DNA, and for sequencing DNA fragments. 

A. Assay for Complete Digestion and Nuclease Contamination: 

28 

Commerical suppliers of restriction ~endonucleases stan~ardly .define one 

unit of enzyme as the amount of enzyme required to digest 1 pg of. DNA 

in 60 minutes. Generally, the level of specific and nonspecific nuclease 

contamination in each commE!rical enzyme preparation vari_es, and is as~ 

sayed. under certain conditions of the supplier. To ascertain that a re

striction endonuclease met the standards of our laboratory when received, 

each enzyme was assayed f~r the ability to diges~ .A DNA in the state time 

period. Since other laboratories · (Dr. F. Ruddle, personal communication) 

reported that lymphocyte DNA usually required several fold excess diges

tion. in order to get reproducible banding patterns, the enzyme was also 

assayed for the absence of nuclease contamination with extended incuba

tion. 

The results in Figure 5 show that A.D N A is digested within the 

time specified by the supplier. Excess digestion of the ADN A with time 

produced no loss of band resolution or breakdown of the DNA, indicating 

little or no nuclease contamination. Furthermore, the results indicated 

that -~s little as 25 ng of R1-digested A.DNA can be detected through our 

hybridization procedure, thus approaching the sensitivity ne~essary for 

detecting 10 pg or less of· specific globin sequences in total lymphocyte 

DNA~ 

B. Assay for Nucl~ase Contamination in Lymphocyte DNA. Digestion: 

To ascertain that nucleases do not cleave the DNA to an appreciable ex

tent during over-digestion as reported by other laboratories (F. Ruddle, 

personal communication; Y., W. Kan, personal communication), lymphocyte 



Figure 5. Assay for nuclease contamination and completeness of diges
tion. 

Autoradiography of 25 ng aliquots of R1 digestion products 
of "-DNA. Samples were taken every 5 minutes for · 30 
minutes, and then every 15 minutes for the remainder of the 
3 hour incubation. The aliquots were separated by electro
phoresis through a 1% agarose gel, transferred to nitro
cellulose, and hybridized with 32 P-labelled .A-DNA •. 
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DNA was examined after a 20-fold and 30-fold excess digestion. As shown 

in Figure 6, over-qigestion of lymphocyte DNA with Msp I restriction 

endonuclease showed no loss of band resolution or breakdown of the DNA. 

Extended . digestions could be perfor~r.ned with the assurance that DNA 
<. 

breakdown or lack of· fragment resolution would not be responsible for ir-

reproducible results. 

III. Hybridiz.ation Sensitivity 

The hybridization conditions for this study must allow the detection 

of one globin gene out of 106 or 10 pg of globin gene material out of 10. 1-1g 

of total lymphocyte DNA. To determine the sensitivity of hybridization, 

decreasing concentrations of JW103 plasmid DNA were transfe:rred to a 

nitrocellulose filter after electrophoresis in a 1% agarose gel, and then 

hybridized with nick-translated JW103 .(specific activity 1 x 10 7 cpm p.er lJg 

DNA). 

The results in Figu,re 7 illustrate that as little as 1 pg of JW103 can 

be detected by hybridization, indicating that 1 pg of unique gene se

quence could also be resolved through hybridization. Therefore, as little 

as 10 lJg of total lymphocyte DNA could be electrophoresed through ~n 

agarose gel to detect the S globin gene sequence. 

IV. _ Hb Atlanta Analysis 

Once COJ?.trol experiments had been completed for optimization of 

techniques, the next step was to apply those techniques to the analysis 

of hemoglobin variants. As stated previously, hemoglobin variants differ, 

in most cases, from the normal by an exchange of one amino acid residue 

for another at a specific position in an a, S, y, or o chain. The struc- · 

tural alteration of these variants can be explained by a single base sub

stitution in the corresponding triplet codon of the globin gene DNA ... 



Figure 6. Assay for. nuclease contamination in lymphocyte DNA diges
tions. 

Autoradiography of Msp I digestion products of Hb Atlanta 
lymphocyte DNA hybridized with 6-probe. Lane A, 20-fold 
excess digestion; la11e B, 30-fold excess. digestion. The 
10.4 kb band corresponds to the norm& B ·globin fragment, 
while the 9.6 kb and 0.85 kb bands result from the Hb 
Atlanta mutation. 
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Figure 7. SensitiVity of hybridization. 

Autoradiography of decreasing concentrations of JW103 
plasmid DNA from · 1000 pg to 1 pg. The samples were 
separated by electrophoresis through a 1% agarose gel, 
transferred to nitrocellulose, and hybridized with 32 P
labelled JW103. 
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Since the mRN A for the a., S, and y globin genes have been sequenced 

(Wilson et al. , 1978; Marotta et al. , 1977) most amino acid substitutions 

thus far described in these human hemoglobin variants can: be attributed 

to single nucleotide base substitutions in a corresponding codon of the 

normal mRN A. 

The first variant examined was Hb Atlanta, an unstable S -chain 

variant. Hb Atlanta is the result of a ·leucyl to prolyl substitution at 

amino acid residue 75 (Hubbard et al., 1979). As stated previously, 

the normal DNA sequence of GGC-CTG-GCT (Marotta et al., 1977) at 

that position is· most probably alte~ed to ·a G c-c CG -G C T , with the 

generation of· a Msp I restriction endonuclease site of CCGG (Figure '7). 

Thus, the Msp I restriction endonuclease pattern for Hb Atlanta .DNA 

should yield a smaller band when compared with DNA from a nonvariant 

individual when hybridized with S ~globin probe. 

A. Comparison of Msp I. Digested Control Lymphocyte DNA and Hb 

Atlanta Lymph.ocyte DNA. using Sequence~ Complementary to ·S-Globin Gene 

as Probe: One DNA fragment containing the normal 6-globin gene, 

material is identified in Msp I digested DNA (Figure 8, lanes B-E). The 

migration of this fragment is reproducible in three different normal samples 

and in multiple experiments with the same sample. :rhe migration of Hind 

III digests of DNA and Hpa I digests of HX174 DNA are used as approxi

mate size markers for the cellular DNA fragments by plotting the loga

rithmic length of the fragments against mobility. The length of the normal 

Msp I DNA fragment was identified as 10.4 kb. Recently, van der Pleog 

and Flavell (1980) confirmed the existence of this 10 kb fragment and further 

reported that this fragment. included the a-globin gene along with the 



Figure 8. Hybridization of Msp I digeste'd· Hb Atlanta lymphocyte DNA 
and control lymphocyte DNA using sequences complementary 
to S globin gene as· probe. 

A utoradiograph of lymphocyte DN As separated by electro- . 
phoresis through a 1.2% agarose gel after restriction endo
nuclease digestion and then hybridized with 3 2 P-labelled 
6-probe. Lane A , 12 • 5 11g of Msp · I digested Hb Atlanta 
DNA; lanes B-E, 12.5 1-1g each of Msp I digested control DNA; 
lane · F, 12 • 5 pg of Eco . R1 digested control DNA. The un
labelled fragments· represent nonspecific contaminating DNA. 
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S -globin gene. They. furthe~ reported that the y-globin genes were con-
)' 

tained on a simil~r 10 kb fragment. 

An Eco R
1 

digest of nonvariant lymphocyte DNA was also elec-· 

. trophoresed on the same gel to ensu~e that hybridization intensified the 

· ·~~gJ?bin. ge;ne fragments over 'Y-globin fragments-. The length .of Eco R1 

, digested fragments were identified as· 6.5 kb, 4.3 kb, ·and 2.6 kb, corre~. 

sponding to fragment lengths of Eco R1 digested human DNA. reported in 
. . 

the literature (Mears et al., 197S) using 8 probe. 

Msp I digeste~ DNA .fragments obtained from lymphocytes of a Hb 

Atlanta variant heterozygote were :analyzed in an identical fashion. Three 

. fragments hybridize specifically with S-globin prob~ (Figure . 8); · a 10 .4 

fragment corresponding to the normal chromosome fragment of the hetero-

zygote, a 9.6 kb fragment and a 0.85 kb fragment. Since the sum of the 

9.6 ·kb and. o·.ss kb fragments totals 10·.45 kb, this suggests that these 

fragments re~ult from cleavage . of the S.-globin gene at the Hb Atlanta 

point mutation. 

B • . Comparison of Msp I Digested Control . Lymphocyte DNA and Hb 

,Atlanta Lymphocyte DNA using Sequences Complementary to Y-Globin Gene· 
. \ . . 

as Probe: The a~ and_ y-globin genes can cross-hybridize due to extensive 

DNA sequence homology. To ensure that the 10.4 kb and 9.6 kb frag-

ments are actually S. rather than y, an identical filter with Msp I digested 

Hb Atlanta and control .DNA was hybridized with y specific 32 P-labelled 

probe.-

a·ne DNA fragment containing ·y-globin gene material was identi

fied corresponding in length to 10 kb in Msp I digested control lymphocyte 

DNA, as seen in lanes B-E, Figure 9 • As stated previously, ·the size of 

this fragment w,as also confirmed by van der Ploeg and Flav~ll (1980), and 



Figure 9. Hybridization of Msp I digested Hb Atlanta lymphocyte DNA 
and control lymphocyte DNA using sequences complementary 
to y globin gene as probe.-

Autoradiography of lymphocyte D N As separated by electro-
-phoresis through a 1.2% agarose gel after restriction endo
nuclease digestion and then hybridized with 3 2 P-labelled 
Y -probe. · Lane A, 12 • 5 .lJg of Msp I digested Hb Atlanta 
DNA; lanes B-D, 12.5 11g each of Msp !-digested control 
DNA; lane E, 12 .5 j:lg of Eco R1-digested control DNA. 
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shown to co~tain both Y-globin genes. An· Eco R1 digest of ·normal human 

lympho<?yte DNA was also electrophoresed_ to ensure specificity of Y-globin 

gene hybridization (Figure 9, lane E). Fragments of lengths of 7 ~6 kb, 

4.0 kb, 2 .a· kb, and 2.3 kb were i?entified. These lengths correspQnd 

to y globin restriction fragment lengths reported in the literature (Mears 

et al., 19.80). 

A 10 kb fragment was also identified in Msp I digested Hb 

Atlanta DNA, as seen in lane A, Figure 9. The absence of the 9.6 kb 

and 0.85 kb fragments in this sample when hybridized with Y-globin probe 

support the conclusion that the two fragments are y-specific sequences. 

The first variant analyzed, Hb Atlanta, demonst~ates that at 

least one hemoglobin . variant can be detected through an analysis of re~ 

stric~ion endonuclease digests of lymphocyte DNA using· the gel-blotting 

technique of Southern. 

V. Hb G Georgia Analysis 

The next variant to be examined was Hb G Georgia. An a chain 

variant, Hb ~ Georgia, results from a proline to leucine substitution at 

amino acid residue 95. The normal nucleotide sequence· of GAC-CCG-GUC 

is most likely altered to GAC-CUG-GUC, with the loss of the Msp I re- · 

striction endonuclease site, C CG G. 

A. Confirmation of (X-Thalassemia Deletion: The Hb G Georgia 

blood sample_ for this projec~ was reportedly obtained from· an individual 

with an a.-thalassemia-2 heterozygosity (T. H_.J. Huisman, personal com-

munication). To confirm that the sample was obtained {rom an. a;·-thalas-

semic individual, Bam HI restriction endonuclease was used to digest Hb G 

Georgia lymphocyte DNA and normal human lymphocyte DNA. As first 

described by Orkin et al. (1978), a fragment smaller than the normal 
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14.5 kb restriction fragment would be predicted in the deletion of one of 

the a. globin genes when hybridized with _a. probe. The difference in size 

between the normal fragments and smaller fragment would indicate the ex

tent of the size of the deletion. t, . 

Bam digested control lymphocyte DNA yields one fragment, 14.5 

kb in length, when hybridized with a. globin cDN A as illustrated in Figure 

10, lane A. This corresponds to the_ fragment length reported in the 

literature (Orkin, 1978). Two fragments containing a.· globin gene material 

are produced in a Bam digest of the Hb G Georgia lymphocyte DNA sam

ple (Figure 10, lane B). These fragments are 14.5 kb and ll.5 kb in 

length, indicating that a 3 kb deletion is present on· one of the a. chromo

somes associated with the Hb G Georgia variant sample. 

B. Comparison of Msp r Digested Hb G Georgia Lymphocyte_ DNA 

using_ Sequences Complementary to the a Globin Gene as Probe: T-he 

normal a. globin gene should be cleaved at the DNA sequences correspond

ing to amino acid residue 95 and also in the 3' noncoding region 0. 069 kb 

5' to the termination codon. Lauer et al. (1980) recently ·mapped another 

Msp I site in the f:lrst intervening sequence within both a. globin genes. 

Due to the duplication of the a genes on chromosome ·16, 6 fragments 

should be generated upon digestion with Msp I: a. fragment containing the 

5' portion of. the 5' gene to the intervening Msp I site: a fragment 0 .2 3 kb 

from the intervening sequence site to the Msp I site in the 5' structural 

gene: a fragment, ·o.345 kb from the structural gene cleavage site to the 

3' noncoding site in the sv gene: a 3 kb fragment containing the inter.

genic region to the Msp I site in the intervening site in the 3' gene: a 

0 e2 3 kb fragment from the intervening site to the structural gene site in 



Figure 10. Hybridization of Bam HI digested Hb G Georgia lymphocyte 
DNA and control lymphocyte DNA using sequences comple-
mentary to the a globin g~ne as probe. · 

A utoradiogr~ph of Bam HI digested lymphocyte DN As sepa
rated by electrophoresis through a 0 . 8% agarose gel and then 
hybridized with 3 2 P-labelled a probe. Lane A, 12 • 5 1-lg of 
control DNA; lane B, ·15 1-1g of Hb G Georgia DNA. 
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the 3' gene: and a 0 .35 kb . fragment from the structural .gene site to the 

3' noncoding region site in the 3' gene. 

As shown in Figure 11, lanes · B-D, Msp I digested lymphocyte·· 

DNA from non variant individuals Yields a fragment 1.2 kb in length when 

electrophoresed on a 1.2% agarose gel. However, by increasing the ge,l 

consistency to 2% agarose, the 1.2 kb fragment and 2 additional fr-agments 

0.23 kb and 0.33 kb are observed (Figure 12, lanes C-F). 

The predicted nucleotide substitution responsible for Hb G 

Georgia should delete the Msp I site in the strl)ctu~al- ·g~ile creating a 

0.56 kb. fragment. When Hb G Georgia lymphocyte DNA is digested with 

Msp I enzyme, however, only the 1.2 kb ·and 0 .2 3 kb and 0 .33 kb frag·

ments are seen on a 2% agarose gel (Figure 12). By increasing the ex

posure time- of the hybridized filter against film, occasionally a faint 

1. 75 kb fragment represents the Hb G Georgia fragment, however. 

C. Comparison of Double Digestion of Hb G Georig~ Lymphocyte 

DNA and Control Lymphocyte DNA with Msp I and Hind III using Se~ · 

quences Complementary to a,_ Globin Gene as Probe: To determine the 

position of the 1.2 kb fragment in the a genes and to ensure that the 

predicted cleavage sites were actuEU}y recognized as digestion sites, a 

double digestion of lymphocyte DNA with Hind III and. Msp I was carried 

out (Figure 12). Hind III -digestion of lymphocyte DNA yields a 17 kb 

fragment -which contains the 5' portion of the 5' cr gene locus, a 3. 7 kb 

fragment which extends from the Hind III site in the 5' gene to the Hind 

III site of the 3' locus, and a 4.5 kb fragment containing the 3' portion 

of the 3' gene (Orkin, 1978). Double digestion with Hind III as well as 

Msp I yields the identic8..1 pattern as -that obtained with Msp I alone: a 



Figure 11. Hybridization of Msp I digested Hb G Georgia lymphocyte 
DNA and control lymphocyte DNA using sequences comple
mentary to the a globin gene as probe. 

Autoradiograph of lymphocyte DNAs separated by electro
phoresis through a 1.!2% agarose gel after restriction endo
nuclease digestion and then hybridized with 3 2 P-labelled 
a probe. Lane A, 10 llg of Msp I digested Hb G Georgia 
DNA; lanes B-D, 12.5 1-1g. each of Msp I digested DNA from 
nonvariant individuals; 12 . 5 ·11g of Eco R1 digested control 
DNA, lanes E and F. 
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Figure 12. Hybridization of Msp I-Hind III double digests of Hb G
Georgia lymphocyte DNA and control lymphocyte DNA using 
sequences complementary to the a. globin gene as probe. 

Autoradiograph of lymphocyte DN As separated by electro
phoresis 2% agarose gel after restriction endonuclease 
digestion and then hybridized with 3 2 P-labelled probe. 
Lane A, 12.5 llg of Hind III digested Hb G Georgia DNA; 
lane B, 12.5 llg of Hind III digested control DNA; lane C, 
12.5 1-1g double-digested Hind III-Msp I Hb G-Georgia DNA; 
lane D , 12 . 5 1-1g double-digested Hind III -Msp I control DNA ; 
lane E , 12 • 5 llg of Msp I digested Hb G Georgia DNA ; lane 
F, 12.5 11g of Msp digested control DNA. 
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1.2 kb fragment and a 0.33 ~b fragment are seen on a 2% agarose gel 

(Figure 21, lanes C and D). 

These results indicate that the Msp I restriction sites are con

tained within the Hind Ill sites.. Th~ Msp I site in the 3' noncoding 

region must be cleaved as the 4.5 kb fragment is lost. A Msp I site in 

the region between. the two genes must be present a,s the 3. 7 kb fragment 

·is lost, and a Hpa II site 51 to the 5' gene must be present as the· 17 kb 

fragment is lost. One. or both of these Msp I sites may be responsible for 

the 1.2 kb fragment. 

VI. Hb S Analysis 

Hb S results from a glutamic acid to valine substitution at position 6 

of the 6 globin chain. The nucleotide sequence of au·u-GAG-GAG is 

altered to GUU-GUG~GAG with the loss of a Mnl I restriction endonuclease 

site of GAGG. Four other Mnl I restriction endonuclease sites. exist in 

the ·coding region of the S globin gene. These sites are positioned such· 

that the fragment difference between normal and sickle cell is 10 bp: the 
( 

normal. pattern would yield 2 fragments, 10 bp and 60 bp, and the sickle 

cell pattern· would yield one fragment of 70 bp. Due to small size of 

these fragments, experiments were conducted to determine if similar -tech-

niques used for analysis of the other variants could be applied to analysis · 

of the sickle cell mutation. 

A. Comparison of Different Gels for Resolution of Restriction Endo-

nuclease Digestion Products: The first experiment was to find a gel con

sistency that would resolve and retain very small fragments. Hae III 

digested pMB9 plasmid DNA generates fragments of 800, 610-, 565, 540, 

485, 24,0, 220,- 210, 185, 85, 80 and 47 bp (New England Biolabst Inc .. ); 
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therefore, this digest was used to compare the resolution of agarose and 

agarose-polyacrylarnide combination gels. 

As seen in Figure 13, when 10 'J..lg of Hae III digested pMB9 DNA 

are electrophoresed in a 2% agarose g~l, the 800 bp, 610 bp, ·565 bp and 

540 bp fragments are distinct; the smaller molecular weight fragments are 

smeared. A 3% agarose gel resolves only the 800, 610, 565, and 540 bp 

fragments; the ·reason for the loss of ·resolution of the smaller fragments 

is uncertain. All Hae III digested pMB9 DNA fragments are blurred when 

electrophoresed in a 1% acrylamide-0 .5% agarose gel. The 1% acrylamide-

1% agarose combination gel shows indistinct resolution of 800, 610, 565 '· 

and 540 bp fragments and the smaller length fragments are blurred. A 1% 

acrylamide, 2% agarose combination gel provid9s clear resolution of frag~ 

ments greater than 200 bp in length~ As a result, a 3% agarose gel was 

chosen for successive ·experiments since it retained the majority of frag

ments. 

B. Recovery of 32 P-Labelled cDN A after Southern Transfer: 

Southern has reported that fragment~ under 500- base pairs or less may 

be under-represented or even missing after transfer of DNA frag·ments 

from agarose gels to _nitrocellulose f"Ilters. We decided to determine 

the loss of DNA through transfer using 3 2 P-Ia belled cD N A. The cD N A 

used was prepared from reverse transcriptase copies of liver mRN A; the 

largest fragment produced , was 600 bp as determined by gel electropho

resis, with smaller fragments· presumably made from incomplete copies of 

mRN A. The fragments were then separated on a 3% agarose gel. An 

autoradiograph of the gel was made and the gel was transferred in the 

usual way. The gel and nitrocellulose strip were separately cut into 

· 1 em strips and counted in a scintillation counter. 



Figure 13. Comparison of different gels for resolution of restriction 
eridonucl~ase digested DNA fragments. 

Ethidium bromide staining of 10 11g aliquots of Hae III 
digested - pMB9 plasmid ON A separated by electrophoresis 
through different percentage gels. Lane A, 2% agarose gel; 
lane B, 3% agarose _gel; lane C, 3.5% agarose gel; lane D, 1% 
polyacrylamide - 0.5% agarose gel; lane E, 1% polyacrylamide -
1% agarose gel; lane F, 1% polyacrylamide - 2% agarose gel. 
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For these experiments, 79,0,00 cpm of cON A were electropho

resed in a 3% agarose gel (Figure 14) and the_ gel was autoradiographed 

overnight. The X-ray film of the gel shows the radioactivity distributed 

throughout the ·gel, with the majority of counts in the middle and lower 

portion, corresponding to a length smaller than 600 bp as determined by· 

electrophoresis of size markers. 

The gel was transfe~red to S&S BA85 nitrocellulose, pore size 

0.45 11m, and afte.rwards the filter and gel were counted in 1 em strips. 

The radioactivity retained on the filter increases and peaks .at 7 em, and 

_ then rapidly declines with little radioactivity left in the remaining frac-
.< 

tions (12-18 em).- · The:. radioactivity retained on the gel is nearly uniform 

throughout the 18 em, namely an average of 225 cpm. 

A total of 26,700 cpm were retained on t~e filter and 4,200 cpm 

were retainE?d. in the gel. This accounted for 40% of the original radio

activity appJ.?.~d to the _gel. 

These results indicate that 60% of the radioactivity is lost when 

transferred from a 3% agarose gel to nitrocellulose. The majority of the 

lost radioactivity appears to be of the smaller molecular weight size range 
·' 

based on the distribution of retained radioactivity in the filter. 

C. Comparison of Diazobenzyloxymethyl Paper and 0. 45 11m Nitro~ 

cellulose Filte.r for R-etention of Small Molecular Weight Fragments: -Since 

small fragments are not retained. by the S&S BA85 nitrocellulose filters 

(0 .45 ·1-1m pore size) ,
1 

diazobenzyloxymethyl (DBM) paper was tested as de

scribed by Alwin et al. (1977) for the covalent binding of RNA molecules 

to a solid support. They reported that DBM paper could also covalently 

bind small denatured DNA molecules of less than 100 bases. Therefore, 

DBM paper was compared with 0.45 11m nitrocellulose for the ability to 



Figure 14. Recovery of reverse-transriptase a 2 P-Ia belled cDN A trans
ferred to a nitrocellulose strip from a 3% agarose gel. 

79,000 cpm of 3 2 P-cD N A were separated by electrophoresis 
through a 3% agarose gel and subsequently transferred. to a 
S&S BA85 nitrocellulose filter, 0.45 ·1Jill poresize. 1 em 
strips · of both the gel and tilter were counted for recovery 
of· label. Insert: Autoradiograph of gel before transfer. · 
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retain decreasing concentrations of Hae III digested pMB 9 fragments from 

3% agarose gels. 

All digestion products are retained when 200 ng or 2 1-1g of 

Hae III qigested pMB9. is transferred to DBM paper hybridized to nick

translated, 32 P-labelled pMB9 ·(results not shown).. With 20 ng of the 

digest (Figure 15), all fragments except the 57 bp fragment are retained 

· and 2 ng resolves only those fragments greater than 400 bp. 

Similar results are seen when Hae ·III digested pMB9 is trans

ferred to S &S B A85 nitrocellulose, pore size 0. 4~· 1JID, and hybridized to 

nick-translated, 3 2 P-labelled pMB9. All· fragments except the 57 bp_ "frag

ments are resolved with 20 ng of DNA digest, and fragments greater than. 

80 bp are retaineq with 2 ng of pMB 9 Hae Ill di~ested material. 

These results indicate that at least 200 ng of Hae III digested 

pMB9 must be applie.d .. to a 3% agarose gel to retain the 57 bp fragment 

after transfe·:r an~ hybridization with either DBM paper or· BA85 nitrocel

lulose. If 200 ng of pMB9 contains 4 x 1010 pMB9 genome equivalents 

(Bolivar et al., 1977) then 2 x 1010 diploid lymphocyte genome equivalents 

would be required to retain the small molecular weight fragments by 
)" 

transfer from a gel. Since a lymphocyte contains 5 pg of DNA (Meyton 
. . . 11 

et al., 1953), then 10 pg or 100 mg of lymphocyte DNA would have to 

be separated, by electrophoresis through a 3% agarose gel to detect the 

fragments produced from Mnl I digestion. The DBM paper proved no 

more efficient than the regular nitrocellulose for retaining small fragments. 

D. Comparison of 0 .2 11m and 0. 45 l1lll Nitrocellulose Filters for Re~ 

tention of Small Molecular Weight· Fragments: Another transfer procedure 

.was tested since the DBM transfer method proved no better than 

Southern's technique using the 0.45 pm nitrocellulose. Singer (1979) 



Figure 15. Comparison of di~zobenzyloxymethyl paper and 0. 45 }liD nitro
cellulose for retention of Hae III digested pMB9 fragments. 

Twenty ng and 2 ng of Hae III digested pMB9 DNA were 
separated by electrophoresis through 3% agarose gels, trans
ferred to diazobenzyloxymethyl paper or 0. 45 14m poresize 
nitrocellulose f"llter and hybridized with 32 P-labelled pMB9 
DNA. . 
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reported that S&S BA83 nitrocellulose, pore siz·e 0.2 lJIIl, retains DNA 

fragments as small as 30 bp. Therefore, 0 .2 '}lill nitrocellulose was 
'' 
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compared with BA85 nitrocellulose~ pore size 0.45 11m, for the retention 

of Hae III digested pMB 9 DNA fragments. 

As shown in· Figure 16, when decreasing concentrations of H·ae 

III digested pMB9 DNA are elect~ophoresed on a. 3% agarose gel, transfer

red to 0 .2 ·lJm nitrocellulose; and then hybridized with nick-translated 

3 2 P-labelled JW103, rio concentration tested r.etained · all digestion pro-
. . . 

ducts. On the filter, 200 ng and 2 1l;g show retention of fragments 

greater than 80 bp, 2 0 ng shows retention of fragments greater than 

220 bp, and 2 ng shows retention of fragments .greater than 430 bp. 

When the same digest concentrations were electrophorese¢{ in 3% 

agarose, transferred to 0.45 1-1m nitrocellulose, and· hybridized with nick

translated, 32 P-labelled JW103, 200 ng or 2 ·lJg are required to resolve the 

57 bp digestion f~agment. 2 0 ng sh:ows ret'ention of fragments greater 

than 240 bp while 2 ng shows retention of fragments greater than 430 bp. 

These results indicate that the smaller pore size nitrocellulose 

(0 .2 lJill pore size) retains small molecular weight fragments no better than 

the 0.45 1-tiD nitrocellulose. The Singer method proved just as inefficient 

as the D MB transfer procedure or Southern procedure for use in ·retaining 

the small molecular. weight fragments necessary for Hb S analysis. There-

fore, it was concluded that Hb S could not be detected through the use of 

the transfer techniques tested in this study. 



Figure 16. Comparison of 0.2 11m nitrocellulose and 0.45 lllll nitrocellu
lose for retention of Hae III digested pMB9 fragments. 

Two sets of decreasing concentrations (2 llg, 200 ng, 20 ng, 
2 ng) of Hae III digested pMB9 were separated by electro
phoresis in· 3% agarose gels, transferred to either the 
0.2 pm or 0.45 1JIIl poresize nitroc~llulose, and hybridized 
with 3 2 P-labelled pMB 9 DNA. 
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DISCUSSION 

This study was undertaken to assess the feasibility of detecting 

point mutations in the DNA by changes in restriction endonuclease cleav

age patterns. The model system concerned the hemoglobin genes since 

more than 250 variants, resulting from single amino acid substitutions, 

have been described (International Hemoglobin Information Center, 1976-

1977) of which the majority are thought to have arisen from independent 

point mutations. The detection of a given variant was based upon either 

creatinrs or eliminating a known restriction site; it had· been calculated 

that 38% of the a. chain variants and 46% of the ·S chain variants· were can

didates for this type of analysis (Wilson, J. T. and Wilson, L. B., 1979). 

Three hemoglobin variants were examined; Hb Atlanta, a a chain 

variant, Hb G Georgia, an a.·. chain variant, and Hb S, a a· chain variant. 

The DNA fragments resulting from~ restriction endonuclease digestion were 

predicted through an examination of either the a chain or a chain struc

tural gene sequence. Attempts to display these fragments were made by 

varying both the gel consistency in electrophoresis and the transfer tech

nique for blotting the DNA from the gel onto· a solid support for hybridi

zation. 

Hb Atlanta was· the most easily resolved variant. For DNA digested 

with Msp I enzyme, a fragment greater than 1.4 kb was predicted from 

controls,· and two fragments, greater than 0.4 kb, and 1.0 kb were ex

pected from Hb Atlanta variants (Figure 17) . After digestion with Msp I 

enzyme, a 10.4 kb fragment was found from DNA of nonvariant individ

uals, and two fragments, 9.6 kb and 0.85 kb, were found from DNA of a. 

Hb Atlanta heterozygote. Therefore, the results obtained from the Hb 
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Figure 17 • Diagram of S-globin gene. 

The dotted line represents inserts within the structural 
(solid line) coding region of the gene. Vertical lines 
represent cleavage site of the enzyme, and arrows point to 
the pertinent cleavage· sites. The top diagram illustrates 
Msp I cleavage of the S globin gene. The bottom diagram 
depicts Mnl I cleavage sites. 
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Atlanta analysis demonstrated that these procedures could be applied to 
- -

the examination of some htamoglobin variants. 

Analysis of Hb G. Georgia was more complicated. Digests of DNA 

from non variant individuals were· expected to· yield 4 fragments: one 

fragment greater· than 0. 5 kh containing the 5' portion of the 5' gene; a 

0.36 kb fragment containing the 3' portion of the 5' gene; a 3 kb frag

ment containing the 5' portion of the 3' gene including the intergenic 

region between the duplicated a. genes,' and a 0.33 kb fragment containing 

the 3' portion of the· 3' gene Msp I digested DNA from a Hb G Georgia 

heterozygote ~as expected to yield. a fragment greater than 0.88 kb if 

the variant was located ln the 5' gene or a 3.8 kb ·fragment if the varia-

tion was the result of a mutation in the 3' gene (Figure, 18}. 

Lauer et al. (1980), however, reported the presence of a Msp I site 

in the 5' intervening sequence of both human a globin genes. This new 

site altered original size predictions· for Msp I digests to 0.23 kb and 

0.33- kb fragments in control lymphocyte DNA and a 0.56 kb fragment for 

Hb G Georgia lymphocyte DNA. This site was not anticipated due to some 
) 

evidence against the presence of a Msp I restriction endQnuclease site in 

·an intervening sequence region. Intervening sequences tend to have a 

lower GC content than structural gene sequences (Konkel et al., 1979) 

thus lowering ·the probability of the Msp I sequence, CCGG. Also, the 

complete nucleotide sequence of the rabbit a. globin gene .(Hishioka -and 

Leder·, 1980) contained no Msp I site in the intervening regions, while the 

same Msp I site in the structural gene sequences was present identical to 

human. However, since intervening sequences have been reported to be 

highly divergent (Miller ,et al., 1979), a Msp I site could be present in 

human DNA that is not found in rabbit DNA. 
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Figure 18. Diagram of the a.-globin genes. 

The Msp I sites are . illustrated· vertically to the a.-globin 
gene.s. The dotted lines represent inserts within the struc-. 
tural (solid line) coding region of the genes. The Msp I 
site involved in this study is either the site within .the 
coding region of the 5' gene or the site· within the coding 
region of the 3' gene .. 
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This new Msp I site reduced the expected size of fragmenta required 

for Hb G Georgia analysis (Figure 18). ·Using the Southern procedure 

of transfer, the new fragments were 
1 
probably lost; this provides an 

obvious explanation for the reason Hb G Georgia was unable to be 

detected. 

Jfowever, a more s.ubtle explanation for the irresolvability of Hb G 

Georgia could result from secondary modification of the DNA such that 

it is not recogniz_ed and hence not cleaved by the restriction enzyme. 

Van der Ploeg and Flavell (1980) analyzed DNA modification in the 

human S...-like gene region at cleavage sites which some restriction endo

nucleases are unable to cleave if 5~methylcytosine is present at certain 

positions in the respective cleavage site. One such endonuclease Msp 

1, cleaved the sequence CCGG and CmCGG, but not mCCGG; an ,isoschizo

mer, Hfiemophilus p~_rainfluen,zae II (H~a II) cleaved the sequence CCGG, 

but not CmCGG. By mapping· the DNA with the modification insensitive 

enzyme (Msp I), and then cleaving the DNA with the modification sensi

tive enzyme ( Hpa 11), the modification sensitive sites in the S •like ·genes 

were mapped .• 

Their study found that modification of certain sites occurred more 

frequently in tissues not expressing the globin genes; hence the DNA of 

lymphocytes was found to be fully ·modified as far as they ha~ examined. 

This could . serve as a possible explanation for the lack of variation be

tween ·Hb G Georgia and control lymphocyte DNA when cleaved with Msp 

I. Since Msp I will not cleave mCCGG, normal lymphocyte DNA may be 

modified such that it is not cleaved. Therefore~ the variant and control 

would both show identical banding patterns. 

One might believe that this same situation complicating Hb G Georgia_ 

examination might have interfered with Hb Atlanta analysis. However, Hb 
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· Atlanta results from a base substitution creating a Msp I site previously 
' 

not found in the f3 globin gene, ·whereas the pertinent Msp I sequence in 

Hb G Georgia is normally present in the· a. globin genes. Since the modi

ficatio.n occurs only at certain specific sites, it may be possible that the 

modification mechanisms would ·not recognize a novet recognition sequence 

outside its normal set of sites. 

· Hb S vras the last .variant analysed. Due to the small fragment sizes 

generated from Mnl I digestion of DNA from a Hb S ho~ozygote (Figure 

17), the Southern procedure would have lost the necessary ·fragments 

needed for Hb S analysis. Two adqitional methods of transfer (Singer, 

1979; Alwin et al., 1978) were compared because both were described as 

having the ability to retain small ·DNA fragments. However, as will be 

discussed below, the two methods proved no more efficient. than the · 

Southern procedure in small fragment retention. Therefore, Hb S was. 

unable to be detected • 

Three methods of transfer were tested in these studies; the Southern 

proce.dure (1975), the Singer method (1979), and the procedure of Alwine 

et al. (1977). The Southern procedure, as discussed previously, pro

vides efficient transfer of fragments greater than 500 bp; however frag-

ments less than 500 bp are· under-represented or lost completely. While 
I 

the Southern procedure ·proved adequate for transferring the large frag-

ments generated in Hb Atlanta analysis, it was inefficient for transferring 

the small molecular weight fragments generated in Hb G Georgia and Hb S 

analysis.. Two alternative methods are examined for transfer ability. 

The met_hod of Singer (1979) replaced the regular 0.45 ·pro nitrocellu

lose used by Southern with a 0 .2 1-1m nitrocellulose. She ·reasoned that 

the smaller pore size would entrap small DNA fragments that filter through 
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the larger pore size nitrocellulose. While Singer reported that DNA frag~l 
I 

ments as small as 30 bp could be retained with the 0.2 11m nitrocellulose, ; 
I 

. - I 

her studies were performed on an enriched, isolated DNA fraction rather : 
. I 

than total genomic DNA. The 0 .2 11m filters proved no more efficient tha~ 
. I 

the 0.45 llm in our studies, and thus provided no better alternative for 

transfer:. 

, The la~t method of transfer tested was originally described by 

Alwine, et _al •. (1977), who used this technique to bind RNA to a solid 

support. The .technique used diazoberizylomethyl (DB M) paper to cova

lently link the RNA to the paper and immobilize it.\ Reiser et al. (1978) 

later reported that small denatured DNA fragments could also be cova

lently linked to DB M paper. Reiser and colleagues were able to ·detect 

fragments less than 75 bp when as much as 0.8 llg of SV40 _DNA was dis-

played by gel electrophoresis: Correlating the quantity of SV40 DN-A 

used to. the amount of lymphocyte DNA required·· for a similar study, 

900 mg of lymphocyte DNA would be necessary for resolution of small 

molecular weight fragments. That quantity of DNA was far in excess of 

the gel system capacity used in this study; thus the DBM transfer tech-

nique proved infeasible at this time. 

Both Hb G Georgia and Hb S were likely unresolved due to the loss 

of small fragments . during transfer. While the binding capacity of the -· 

transfer paper ~as ultimately responsible for this loss, increasng the 

quantity of small fragments available for transfer would e.nsure that a 

greater percentage of fragments were···retained. Several methods are 

available to concentrate small molecular weight fragments: . one method is 

electrophoresis of digested lymphocyte DNA on a preparative shib gel 

followed ·by electrophoretic elution of the fragments in the· appropriate 
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size range. Another method involves separation of the fragments by 

means of gel filtration on a molecular sieve. However, concentration of 

small fragments by these methods reduces_ the total qU:antity of sample 

available for further analysis . 

Since the transfer procedures in this study were responsible for the 

inability to detect Hb G Georgia and Hb S, it would appear reasonable 

that if the transfer step could be eliminated -by some means, then the 

variants may be detectable. One possible means of achieving this is by 

electrophoresis of liquid hybridization products. The procedure relies on 

obtaining a labelled full-length DNA or RNA copy of the control gene so 

that the variant fragment anneals completely to that copy during hybridi

zation. Treating the resulting- hybrid with s1 nuclease or RNase A would 

then equate the labelled probe to the size of the variant fragment. Elec

trophoresis through a polyacrylamide gel followed by autoradiography of 

the gel would then resolve the 32 P-labelled fragments. The transfer step 

would have been eliminated by this procedure, while the resolution and 

means of interpretation of results would remain the same. 

A few potential problems that did not occur in this study might arise 

in detecting hemoglobin variants. A variant fragment might be created 

that co-migrates with a normal fragment; in such cases it would -be feasi

ble to isolate specific 5' or 3' probes, thus isolating the particular section 

of the gene in which the variant occurred. The o and f3 globin genes 

might both be cleaved by a restriction enzyme and the need would arise 

to differentiate the cross-hybridizing bands. One method of differentiat

ing the two genes would be by restricting DNA even further ,with a 

second restriction enzyme that would cleave one gene, but not the other. 
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Another potential problem in undertaking a study such as this is the 

possibility of detecting a polymorphism in DNA sequence rather than the 

variant mutation. It could be argued that a polymorphism in the DNA 

sequence of some individuals, including the individual whose blood was 

obtained for the Hb Atlanta study, was responsible for the banding pat

tern seen in Figure 8, but it seems improbable. There have been eight 

polymorphic sites for restriction endonucleases identified in the human a
like gene cluster (Tuan et al., 1979; Little et al., 1980; I<an and Dozy, 

1978; Wilson et al., 1977). Four of these sites are contained within 

intervening sequence. regions, while the other four are located 3' to the 

8 globin gene. Likewise, in another well characterized gene system, the 

chicken ovalbumin gene, three polymorphic sites have been identified, 

(Lai et al. , 1979), 2 within the intervening regions, and one 5' to the 

coding sequence. 

While on first appearance the amount of ·polymorphism seems consid

erable, in actuality, the fraction is very small. Jeffreys (1979) recently 

completed a study on polymorphisms in the human 8 globin cluster by 

digesting DNA from 60 normal persons with 8 different restriction en

zymes. Out of a total of 1220 sites examined, representing 18,000 bps, 

all except a total of 25 sites appeared constant for the normal restriction 

cleavage pattern. Provided that the DNA sequences which happen to be 

recognized by a restriction endonuclease show the same · level of genetic 

variation as noncleavable sequences, then the analysis suggests that on 

the average 1 in every 720 bps will vary polymorphically. But consider

ing that half of the polymorphic sites are contained 3' to the e globin 

gene, and the other half in the intervening sequence, these sites may 

well cluster into highly variable "hot spots." 
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In this study, six non-variant lymphocyte DN As were digested with 

Msp I; no variation has been detected among the samples. Other re

searchers, (van der ·Ploeg and Flavell, 1980) have- similarly found no 

polymorphic site associated with Msp I in the S-globin cluster. While the 

only po~itive proof against an inherited polymorphism in either ~lb .Atlanta 

or Hb G Georgia would be to analyze another variant sample from a non

related individual. However, it seems unlikely, based on the previous 

discussion, that the Hb Atlanta results are the. result of a polymorphism 

in the DNA surrounding _the ·s -globin sequences~ 

As state~· pr.evi9US1¥:, it was estimated' that approximately 40% of the 

known hemoglobin variants could be detected through direct restriction 

endonuclease analysis. From the results obtained in this study, it is 

reasonable to think that the percentage of variants that may be detected 

may be much less than original estimates. However, as more sequencing 

and restriction endonuclease cleavage site data become available, and as 

transfer technology improves, the closer the original approximation may 

. come to be true. 
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