
Absence of Cis Delta Chain Synthesis in

(�i 13) Thalasseinia (F.thalassemia)
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T HE TERM “THALASSEMIA” comprises a group of hematologic pheno-

types, each caused by genetically determined partial or complete suppres-

sion of synthesis of one of the hemoglobin chains.’ a, �,2 and � thalassemias

have been defined. The classical form of beta-thalassemia trait (�-thalassemia,

type I;� A2-thalassemia”) is characterized by abnormalities in red cell morphol-

ogy ( low MCH, microcytosis, hypochromia, targeting, ovalocytosis, and aniso-

cytosis), elevatiomi of hemoglobin A2(c� 6�), amid normal or only slightly dc-

�‘ated hemoglobin F ( a2 y2 ) . Genetic studies of obligate heterozygotes78

indicate that occasionally the red cell morphology or hemoglobin A2 may be

normal.

A less common form of beta-thalassemia, (� /3) thalassemia”4 or F-thalasse-

mia,9�m3 is characterized by similar abnormalities of red cell morphology, but

the level of fetal hemoglobin is usually considerably elevated (6-36 per cent)

and that of hemoglobin A2 is normal. The term (� �) thalassemia has been

suggested4 to indicate the apparent suppression of both ,6 and � chains’’ and is

preferable to F-thalassemia since genetic studies have indicated that hemoglo-

bin F may occasionally be normal.5 The genetic and hematologic findings

reported in this paper define the nature and extent of suppression of the delta

gene in ( � /3 ) thalassemia, and suggest possible genetic mechanisms to explaimi

this type of thalassemia.

In 1961 Ceppellini’4 described a variant of hemoglobin A2 which he termed

hemoglobin B2(A2’). Chemical studies of HI) B2 showed a single amino acid

substitution in the 6 chain, a2 62 16 gmy-�urg. 15,16 On paper, starch block

and starch gel electrophoresis at pH 8.6, hemoglobin B2 migrates at approxi-

mately one-half the rate of hemoglobin A2. Since in heterozygous hemoglobin

B2 trait, the products of both the normal and mutant delta gene can be

individually quantitated, this condition provides a means for defining the effect

of thalassemia trait on the function of the adjacent (cis) and homologous

(trans) delta gene. Thus, imi persons carrying both the hemoglobin B2 and A2-

thalassemia trait, both hemoglobin A2 and B2 are equally elevated so that their

sum is identical to the degree of elevation of hemoglobin A2 in A2-thalasse-

From time Departments of Medicine (Dicisiorm of Medical Genetics) and Genetics,
Unicersity of Washington School of Medicine, Seattle, Washington.

This study was supported by Grants H 3091 and HD 00061 from time U.S. Public Health

Sereice,

First submitted Aug. 17, 1965; accepted for publication Noc. 24, 1965.

DAVID E. CoMINGs. NI,D.: USPHS Post-Doctoral Fellow in Hunman Genetics, Unicersi:y
of Washington School of Medicine; present address, Depaitment of Med cal Genetics, City

of Hope Medical Center, Duarte, Calif. ARNO C. MOTULSKY, M.D.: Professor of Medicine

and Genetics, Unicersity of Wa.simington School of Medk’ine.

54

BLOOD, VOL. 28, No. 1 (JuLY), 1966

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/28/1/54/572931/54.pdf by guest on 19 M

ay 2023

https://crossmark.crossref.org/dialog/?doi=10.1182/blood.V28.1.54.54&domain=pdf&date_stamp=1966-07-01


ABSENCE OF CIS DELTA CHAIN SYNTHESIS IN F-THALASSEMIA 55

mia.’4”7”8 This finding suggests that in A2-thalassemia both delta alleles con-

tribute equally to the elevation of hemoglobin A2. The present case is the first

reported mixed lieterozygote for both hemoglobimi B2 amid (6 �) thalassemia.

The hemoglobin B2 level was in the range of normal for hemoglobin A2 and

there was total absence of hemoglobimi A2. The failure to detect hemoglobin A2

indicated that in this family with ( 6 � ) thalassemia there was complete failure

of delta chain synthesis by the delta gene.

METHODS

The blood cell coummits were done by a Coumlter counter. hematocrits by microhematocrit,

amid hemoglobin by the csanomethenioglobin method. 11emi�oglobin F determiiination was by

the miiethod of Betke’9 and hemiioglobimi F elumtion 1w the technic of Kleihauer et al.20 To

supplement the results of the Kleihaumer test, fresh whole blood was centrifuged at 800 r.p.mn.

(Imiternational Centriftmge NIodel RS) for 20 muimiutes. the plasmiia removed, and a 40 per cent

suspension of the red cells in normiial saline was muade. This was centrifuged at 600 r.p.m. for

30 m�iinutes, and at 3000 r.p.mli. for 2 houmrs. The resultamit packed cells were removed imi 5

equal fractions from top to bottom�i. Flemlioglol)in F was determined in the top, bottom and

pooled muiddle fractious. Starch gel electrophoresis2’ was carried out with Tris-EDTA-

Borate buffer pH 8.6 amid the gel was stained with benzidine. The quantitatiomi of

hemoglobimi A9 and B2 was accomiiplished by DEAE colummun chromatography.22 The normual

ramige in this laboratory was 2.5 ± 0.4. To test for hemoglobin H inclusions,23 0.2 mul. of

fresh blood was incul)ated with 0.1 ml. of a 1 per cent solution of brilliant cresyl blue

(Niathesomi. Coleman and Bell) at 37 C. Blood filmus were made at 1 amid 2 hours. Starch gel

electrophoresis, with phosphate bumifer ph 7.0, for hemoglobin H and hemoglobin Barts was

done immiiediatelv after blood was drawmi.

RESULTS

The index case ( 11-4, Fig. 1, Table 1 ) was detected by routine starch gel

electrophoresis of blood donors at the King County Central Blood Bank. He

was noted to have hemoglobin B2, increased hemoglobin F and no hemoglobin

A2. He amid other available members of the family were contacted. Coopera-

tion was limited to one venoclysis each.

The propositus (11-4) was a healthy, 43-year-old Negro male. There was no

history of anemia or other illness. There was no splenomegaly. His blood film

showed anisocytosis, poikilocytosis, hypochromia and targeting (Fig. 2). The

MCH was 23yy/cell. Hemoglobin B2 was 2.98%. (5 determinations 2.79-3.20).

Hemoglobin A2 was absent (Fig. 3). To determine the level of sensitivity for

the detection of hemoglobin A2 on starch gel, serial dilutions of hemoglobin A2

were submitted to electrophoresis by the same technic. The method was sensi-

tive to 0.05 per cent hemoglobin A2 (or 2 per cent of the normal level of

hemoglobimi A2). Hemoglobin F was 10.2 per cent (4 determinations)

(9.5-10.75 per cent). Hemoglobin F elution of the red blood cells demon-

strated a heterogeneous popumlatiomi of hemoglobin F (Fig. 4). This was con-

firmed by cemitrifugation studies. Hemoglobin F in the upper fraction was 4.0

per cemit, in the bottom fraction 11.1 per cent, and in the pooled middle frac-

tiomi 10.4 per cent (cf. 13). There were rio hemoglobin H inclusions, and no

evidence of hemoglobimi Barts or hemoglobin H after starch gel electrophoresis

of the patients hemolysate for 3 hormrs at pH 7.0. The serum iron was

93 �g./100 ml. and total iron binding capacity 333 �g./100 ml.
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�D Examined, normal

� Not examined

Fig. 1.-The pedigree.

The hematologic findings on five of the other six available members of the

family were similar, although only the index case had hemoglobin B2 ( Table

1, Fig. 3 ) . The average level of hemoglobin F of members of the family

affected with (6 �) thalassemia was 8.43 per cent and the average level of

hemoglobin A2 or B2 was 2.45 per cent. The one unaffected member had a

hemoglobin F level of 0.96 per cent, and a hemoglobin A2 level of 2.9 per

cent. The father of the propositus was not living and was presumably a hemo-

globin B2 carrier.

DISCUSSION

The initial finding of elevated hemoglobin F, absence of hemoglobin A2,

and presence of hemoglobin B2 suggested the diagnosis of heterozygosity for

both hemoglobin B2 and hereditary persistence of fetal hemoglobin. The gene

for hereditary persistence of fetal hemoglobin is tightly linked to the beta and

delta genes24 and in Negroes causes complete suppression of both the cis beta

and the cis delta genes.24’25 This mutation, therefore, could have accounted

for the absence of hemoglobin A2 in the presence of a gene for hemoglobin B2

located on the homologous chromosome. Further study, however, eliminated

this possibility. In hereditary persistence of fetal hemoglobin the red blood

cell morphology is normal, there is a relatively homogenous distribution of

hemoglobin F in the red cells, the fetal hemoglobin ranges from 12-40 per

cent, and the hemoglobin A2 level is decreased (average 1.6 per cent). By

contrast, in the family under study the red blood cell morphology was typical

of thalassemia with hypochromia, targeting, anisocytosis, poikilocytosis, baso-

philic stippling and an MCH of 22 yy/cell. There was a heterogenous distribu-
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Fig. 2.-Blood films of the propositus (11-4) and other family members. Note
targetimig, hvpochrornia, poikilocvtosis amid l)asopliihc stippling ( insert )

tion of hemoglobimi F in the red cells, the lienioglobin F level averaged only

8.4 per cemit, amid the lienioglobimi A2 level was normual. These findings were

typical of ( 6 f3 ) or F-thalassemia.

The major altermiative to ( 6 /3 ) thalassemia ��‘as the possil)ility of heterozy-

gosity for both hereditary persistence of fetal hemoglobin and alpha-thalasse-

mia trait. This could have accounted for the thalassemic blood morphology,

the normal hemoglobin A2 level, the complete absence of hemoglobin A2 in the

presence of hemoglobimi B2, and the elevated level of hemoglobin F. A number

of considerations argued agaimist such an interpretation.

1. Careful search of fresh blood of all affected members revealed no hemo-

globin H inclusion bodies.

2. Electrophoresis at pH 7 of l)lood of the propositus, immediately after it

was drawn, failed to show amiy hemoglobin H (/34) or hemoglobin Barts (y4).

Electrophoresis under similar comiditions of blood of 11-6 amid 111-8 (after two

days transit) also failed to show hemoglobin H or Barts. In two cases of mixed

heterozygosity for a-thalassemia and hereditary persistence of fetal hemoglobin

reported by Fessas et al.2” and Alperin et al.,27 hemoglobin Barts was readily

detected.

3. Flereditary persistence of fetal hemoglobin imi the Negro is associated with

fetal hemoglobin levels of 12-40 per cent. The average hemoglobin F level of

only 8.5 per cemit in the family reported here is unlikely to be caused by
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Fig 3.-Starch gel electrophoresis, pH 8.6, Tris-EDTA.Borate buffer. The propo-
sitsis 11-4 has hemoglobimi B2, no hemoglobin A2, and increased hemoglobimi F. The

reniainimig affected miiembers also have elevated liemiioglobin F but normiial hemo-

globin A2.

suppression of fetal hemoglobin production by an alpha-thalassemia gene,

Since DO such interaction between alpha-thalassemia and hereditary persistence

of fetal hemoglobin has been observed.2m,27

4. The blood of patients with hereditary persistence of fetal hemoglobin and

alpha-thalassemia shows a homogenous distribution of fetal hemoglobin in the

red cells.27 In the present case the distributiomi was heterogemious as in (6 /3)

thalassemia.25

5. Since hereditary persistence of fetal hemoglobin suppresses 1)0th beta and

delta gene production, the hemoglobin A2 levels in heterozygotes are de-

creased. The presence of alpha-thalassemia trait does not affect 6 chain syn-

thesis and in the two reported cases of alpha-thalassemia/hereditary persist-

ence of fetal hemoglobin the hemoglobin A2 level was low: 1.8 per cent26 and

1.7 per cent.27 The delta chain production per red blood cell (see below) was

0.19 yy in both these cases (normal: 0.18 yy/delta gene/red blood cell). In the

present family, hemoglohimi A2 or B2 production by the presumably single

active delta gene on the homnologous chromosome showed a compensatory

increase to a mean of 2.45 per cent and the concentration of delta chains per

red blood cell was 0.26 yy.

6. If 1-2, or 11-6 were mixed heterozygotes for alpha thalassemia and heredi-

tary persistence of fetal hemoglobin, some offspring with alpha thalassemia
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Fig. 4.-Heterogenous distribution of hemoglobin F in the red blood cells. The
deeply staiiiing cells comitaimi hemoglobin F.

alone or hereditary persistence of fetal hemoglobin alone might l)e expected,

yet nomie were foumid.

A2-thalassemia can I)e rrmled out since the hemoglobin A2 level ��‘as normal,

the hemoglobin F level was higher than usually seen in this condition,25 and it

is kno�vn that both hemnoglobin A2 and B2 are increased in the A2-thalasse-

mnia/ hemoglobin B2 mixed ‘ � , 17

Alpha-thalassemia trait, and mixed heterozygosity for alpha and A2-thalas-

semia are unlikely for the reasons cited al)ove.

Some difficulty comes in distinguishing ( 6 /3 ) thalassemnia with cis stmppres-

sion of the delta gemie (6 /31(6 /3)”) from a combination of A2-thalassemia with

delta-thalassemia in the coupling phase ( 6 $/6’�’ /31’ ) .� Because of the close

linkage of the beta and delta genes, such a double mutation would segregate

as a single unit if carried on the same chromosome. It would not be expected

that such 6 /3/6’m’ /3T carriers would differ �Thenotoypically from individuals

carrying the mutant genes in repulsion (6 /3m’/6T /3). A2 thalassemia amid delta-

thalassemia mixed heterozygotes in repulsion have a normal fetal hemoglobin

level,4’29 suggesting that the same condition in the coupling phase should also

have normal fetal hemoglobin, and thus differ from (6 /3) thalassemia where

the hemoglobin F level is high and the 6 and /3 chain suppression is caused by

a single mutation. The chance of the occurrence of two mutations, A2-thalasse-

mia and delta-thalassemia, omi the samne chromosome is significantly less than

the event of a single genetic abnormality giving rise to the (6 /3) thalassemia

trait.

In summnary, the present family most likely represents (6 /3) or F-thalasse-

mia. The propositus is a mixed heterozvgote for (6 /3) thalassemia aIi(1 hemo-

globin B2, and has no electrophoretically detectable hemoglobin A2. These

findings indicate that hi (6 /3) thalassemia seen in this family there is comnplete
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sup�)reSsi0n of the cis delta gene in additioli to suppression of the beta gene. It

further inlj)lies that the lack of an elevated hemoglobimi A2 level in (6 /3)

thalassernia is the result of this suppression of one delta gene. The remaining

normal delta gene on the homologous chromnosome increases its absolute pro-

duction of delta chains, but only enough to brimig the hemoglobin A2 to normal

range.

Calculation of the average production of each polypeptide chain per red

1)100(1 cell is of interest.14 A normnal imidividual with a MCFI of 29 yy/cehl

produces 14.5 ‘yy/cell of alpha chains, and ( assumning a normal hemoglobin A2

level of 2.5 per cent, amid hemoglobin F level of 0.5 per cent ) 14.07 yyl cell of

lx’ta chains, 0.07 ‘yy/cell of gamma chains, and 0.36 ‘yy/cell of delta chains.

Thus, ill a normal individual, each delta allele controls the production of

approximately 0.18 yy/cehl of delta chaimis. This increases to 0.23 yy/cell by the

single remaimling active delta gene in hereditary persistence of fetal hemoglo-

1)iIi (assuming a normal MCII and hemoglobin A2 level of 1.6 per cent24), and

still more to 0.26 y’y/delta gene! cell in A2-thalassemia trait ( assuming an MCII

of 21 yy/cell amid a hemoglobimi A2 level of 5.0 per cent ) . In the present family

of ( 6 /3 ) thalassemnia, delta chain production under control of the single re-

maining active delta gene averaged 0.27 yy/cell. Thus, the hemoglobin A2 level

in ( 6 /3 ) thalassemia is normal because one delta gene is completely sup-

pressed. The remaimling active delta gene is capable of directing the production
of just as many delta chains as controlled by the individual delta gene in A2-

thalassemia.

If complete suppressiOn of the cis delta gene occurs in all cases of ( 6 /3)
thalassemia, the following conditions involving the ( 6 /3 ) thalassemia mutation

should have ami abseiice of hemoglobimi A2: ( 1 ) homozygous ( 6 /3 ) thalassemia,

(2) mixed heterozygote for (6 /3) thalassemnia and delta-thalassemia, (3)

mixed heterozygote for hereditary persistence of fetal hemoglobin and (6 /3)
thalassemia, and ( 4 ) mixed heterozygote for ( 6 /3 ) thalassemia and hemoglo-

bin Lepore or Pylos. A case of homozygous (6 /3) thalassemia has recently

been reported by Bagliomii24’ in which hemoglobimi A2 and hemoglobin A were

absent.

The family reported by Fessas and Stamatoyaminopoulos,3 in which one

meml)er had no hemoglobili A2, was interpreted as delta-thalassemia on one

chromosome, and a form of thalassemia suppressing both the delta and beta

gene on the other chromosome. Although the hemoglobin F level was only 2.5

tier cent, other members of the family with thalassemia and normal hemoglo-
bin A2 had hemoglobin F levels as high as 13.5/i typical of (6 /3) thalassemia.

Thus, imi retrospect, this Greek family also presents evidence that (6 /3) thalas-

semia suppresses 1)0th the beta and delta genes.

GENETIC MECHANISM

Any hypothesis concerning the basic genetic mechamiism of (6 /3) thalasse-

mia must account for the suppression of the products of two separate struc-

tural genes, beta amid delta. Of importance in this consideration is whether the

beta gene in (6 /3) thalassemia is completely or only partially suppressed. The
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62 COMINGS AND MOTULSKY

absence of hemoglobiii A in a mixed heterozygote for A2-thalassemia and (6 /3)
thalassemia would indicate complete suppression of beta chain synthesis in

( 6 /3 ) thalassemia. The presence of hemoglobin A in such patients, however,

would not prove synthesis of beta chains under control of the chromosome

carrying the ( 6 /3) thalassemia mutation since the production of beta chain

could have been directed by the chromosome carrying the A2-thalassemia

mutation. Eight families ( 10 individuals ) with mixed (6 /3) thalassemia/A2-

thalassemia mutation have been reported.5’#{176}’9”#{176}”2Four of these individuals

were reported to have no hemoglobin A. In only one of these, however, was

hemoglobin A conclusively shown to be absent by chromatography and agar

gel electrophoresis.11 A similarly affected brother of that patient was shown to

have 5 per cent hemoglobin A.

More crucial information concerning the synthesis of beta chains under

control of the chromosome carrying the ( 6 /3 ) thalassemia mutation would be

supplied by mixed heterozygotes for a beta-gene mutation ( such as Hb S or

Hb C ) and (6 /3) thalassemia. The presence of hemoglobin A would indicate

that beta chain synthesis is not completely suppressed. Such information is

scanty. Russo and Mollica3’ reported a family in which hemoglobin S, A2-

thalassemia and ( 6 /3) thalassemia were present. The only individual with

hemoglobin S/(6 /3) thalassemia averaged 51 per cent hemoglobin 5, 21 per

cent hemoglobin F and 28 per cent hemoglobin A, as determined by paper

electrophoresis and alkali denaturation. Silvestroni and Bianco reported a case

of hemoglobin C/(6 /3) thalassemia.31� Although hemoglobin A was reported

“virtually absent” by paper and starch block electrophoresis, starch gel elec-

trophoresis was not done. The case of homozygous ( 6 /3 ) thalassemia reported

by Baglioni24� demonstrated failure of synthesis of both 6 and /3 chains.

These various findings suggest that in ( 6 /3) thalassemia suppression of beta

chain synthesis may be partial or complete. The present family indicates that

in (6 /3) thalassemia suppression of the cis delta gene is complete. Studies of

similar families are needed to demonstrate whether this is true for all cases of

(6 /3) thalassemia.

The following is a discussion of the possible genetic mechanisms which

could account for the complete absence of delta chain synthesis and partial or

complete suppression of beta chain synthesis.

Fusion Gene

Unequal crossing-over during meiosis may produce duplication and deletion

products (Fig. 5). Baghioni32 has shown that hemoglobin Lepore is probably

due to unequal crossing-over between the beta and delta gene, the abnormal

hemoglobin being the product of the 6-/3 fusion gene. In homozygous hemo-

globin Lepore, hemoglobin A and A2 are absent, while in the heterozygous

state hemoglobin Lepore is present at a level of 10-15 per cent. Extending the

ideas of Nance,33 Smithies54 has enumerated all the possible duplication and

deficiency products expected from unequal crossing over at various points

between the beta and delta gene. Since duplication products contain both a

normal delta and beta gene as well as a /3-6 duplication gene, they would not
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Fig. 5.-s ,8 thalassemia could be explained by unequal crossing-over involving
the beta and delta genes between the DNA segments corresponding to the N-terminal
amino acids 1-21. This evemit would result in complete deletiomi of the delta and
genes and production of a � fusion gene in one of the two cross-over products
( deletion chromosome).

be applicable as an explanation of ( 6 /3 ) thalassemia. However, deficiency

products with deletion of a delta gene are quite apropos. Table 2 lists the

possible deficiency products of unequal crossimig over between the beta and

delta genes. The normal delta gene directs the production of delta chains at

only a fraction of the rate that the beta gene allows beta chain synthesis. If the

factor responsible for the limited rate of synthesis of delta chains were located

to the left of, or at, the DNA segment corresponding to the N-terminal end of

the delta gene, its presemice on the 6-/3 fusion gene would resrmlt in suppression

of the rate of synthesis of the 6-/3 gene product. That this is the case is sug-

gested by the low concentration of hemoglobin Lepore ( and Pylos ) and the

thalassemia-like picture associated with these hemoglobinopathies. A similar

decreased rate of synthesis (and thalassemic picture) would apply for the

product of any 6-fl fusion gene providing only that it carried the beginning

portion of the delta gene. Although there are 10 amino acid differences be-
tween the delta amid beta chains,52’34’35’�’ only a few of these result in a

change in charge. With these considerations, it can be seen (Table 2) that un-

equal crossing over between the beta and delta genes, anywhere between the

DNA segment corresponding to the N-terminal and the DNA segment cor-

responding to amino acid no. 21, cormld result in a deletion of the delta

gene, formation of a 6-fl fusion gene, and production of a “beta chain’

electrophoretically indistinguishable from the normal beta chain, but syn-

thesized at a markedly decreased rate. This would result in a picture of (6 /3)
thalassemia with complete absence of delta chain synthesis and incomplete

suppression of “beta chain” synthesis. Experimemital proof for a fusion gene

product could most clearly be provided by amino acid analysis of the tryptic
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peptides derived from the first 21 amino acids of the “/3A” chains isolated from

a patient heterozygous for both hemoglobin S ( or Hh C ) and ( 6 /3) thalasse-

mia. As shown in Table 2, however, the absence cf a /39 ser � thr cr /312 thr -

asri substitution would not rule out umiequal ciossimig over l)et\Veemi the l)NA

segmnent corres1)Onding to the N-terminal and 9th amino aci(l.

Since the postulated 1-21 umiequal crossing-over between the beta and delta

gene is different from hemoglobin Lepore and Pylos by only a small difference

in the location of the cross-over site, it would be expected that hemoglobin

Lepore and Pylos would also present with some elevation of the level of

hemoglobin F. Such is in fact the case. The hemoglobin F level in heterozy-

gous adults with hemoglobin Pylos may be as high as 14 per cent with an

average of 4.8 per cent.�i In hemoglobin Lepore the hemoglobin F level may

be as high as 9 per cent with an average of 4.9 per cent.12’874’

Of considerable interest in regard to the possible role of unequal crossing-

over in the production of some types of thalassemia is the report by Schokker,

Went and Bok4m” of a new f3-thalassemia variant characterized by an average

hemoglobin A2 of 6.6 per cent and hemoglobimi F of 8.3 per cent in 14 heter-

ozygotes and an average hemoglobin A2 of 1.6 per cent with complete absence

of hemoglobin A and only mild anemia in two homozygotes. One possible

explanation of such findings might lie unequal crossing-over between the 6

and /3 genes distal to the DNA codon for amino acid 1 17 ( see Table 2). This

�vould result in comnplete deletion of the I)eta gene and production of an

electrophoretically normal delta chain.

Since the postulated unequal crossing-over in ( 6 /3 ) thalassemia would not

be expected to result in complete absence of beta chain synthesis, further

documentation of cases of hemoglobin 5/(6 /3) thalassemia or homozygous (6 /3)

thalassemia with unequivocal absence of hemoglobin A would offer the best

evidence against this genetic mechanism. Complete deletion of the delta and

beta genes by nonhomologous crossing-over34 could account for complete ab-

sence of both l)eta and delta chain symithesis. However, because such a comu-

plete deletion would not produce an abmiormal niessenger RNA and thus not

interfere with ribosomal protein synthesis, it would more likely produce a

picture like hereditary persistence of fetal hemoglobin rather than thalassemia.

In addition to unequal crossing-over, a 6 /3 fusion gemie could be produced by

deletion of a segment of J)NA between the 6 and /3 genes. A fusion gene

produced in this mamimier would generally be longer or shorter thami the normal

6 or /3 gene. Both the messenger RNA amid polypeptide chaimi produced umider

such a circumstance could be so abmiormiial as to result imi complete absence

of both delta amid beta chain synthesis.

Point Mutations

On the basis of studies in microorganisms, Jacob and Monod42 have postu-

lated the existence of an operator gene or region which can turn off several

contiguous structure genes, and a repressor gene which regulates the operator

gene. Although there is no proof that such concepts apply to man, an operator

gemie mutation is a pl�itisible explanation for hereditary persistence of fetal
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hemoglobin since there is a comparable degree of suppression of both the delta

and beta genes.24’25’43 Assuming complete suppression of both delta and beta

chain synthesis, it could also serve as an explanation of ( 6 /3 ) thalassemia.

However, it is unlikely that both ( 6 /3 ) thalassemia and hereditary persistence

of fetal hemoglobin are due to an operator mutation, since this would require a

complex hierarchy of operator genes, with one producing a thalassemic picture

while the other does not.

A regulator gene, as formulated by Jacob amid Monod,42 produces a diffus-

iI)le repressor substance which regulates both homologous operator genes. A

mutation of a regulator gene is an unlikely cause of ( 6 /3 ) thalassemia, since

the delta gene on only omie chromosome is suppressed. However, such consid-

erations of diffusibility may not apply to complex human chromosomes.

Mc:lulator mutations have been presented as an alternative to the operator-

represscr gene model. Ames and Hartman44 and Stent45 hypothesized a muta-

tion within a structural gene causing a change in a nucleotide base which does

not lead to an amino acid substitution, btmt because of degeneracy of the code

results in a messenger RNA calling for a minor, less available, transfer RNA.

This results in delay in the rate of messenger RNA translation and decreased

protein synthesis. Studies of hemoglobin Lepore”0 suggest that if a common

messenger RNA exists for the delta and beta gene;, it would probably be

translated from the delta regiomi to the beta region. A modulator mutation in

the delta gene could result in suppression of the rate of translation of both the

delta messenger RNA and the distally read beta messenger RNA. A major

drawback for the modulator mutation hypothesis as an explanation of (6 /3)

thalassemia is that it requires the production of a common messenger RNA for

both the delta and beta genes. This might seem unlikely in view of the

independent behavior of these genes in A2-thalassemia.

A final point deserves emphasis. The present family demonstrates the dis-

tinctive nature of (6 /3) thalassemia and confirms the presence of two forms of

beta-thalassemia: one with an elevated level of hemoglobin A2 and usually

normal level of hemoglobin F, and the other with a normal level of hemoglo-

bin A2 and elevated level of hemoglobin F. The increased delta chain synthesis

directed by both chromosomes in A2-thalassemia, and the complete suppres-

sion of the cis delta gene in (6 /3) thalassemia indicates these are due to two

separate mtmtations, each with a separate primary gene action, and are not due

to a reciprocal relationship between hemoglobin F and A2 within the confines

of one type of heta-thalassemia.#{176}

SUMMARY

(6 /3) thalassemia or F-thalassemia is characterized by a thalassemnic blood

picture, elevated hemoglobin F, and normal hemoglobin A2.

A family with (6 /3) thalassemia is reported in which the propositus was a

mixed heterozygote for (6 /3) thalassemia and hemoglobin B2. There was

complete absence of hemoglobin A2, indicating that this (6 /3) thalassemia

mutation completely suppressed the cis delta gene. The remaining normal

delta gene was capable of increasing delta chain synthesis sufficiently to bring
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the hemoglobin A2 to within normal range. These findings account for the

absence of elevated hemoglobin A2 in this form of thalassemia and demon-

strate that (6 /3) thalassemia is an entity genetically distinct from A2 thalas-

semia. The possible genetic mechanisms of (6 /3) thalassemia are discussed.

SU�INfARIo IN INTERLINCUA

Thalassemia 6 /3 o thalassemia F es characterisate per un thalassemic

tableau sanguinee, elevate nivellos de liemoglobimia F, e normal hemoglobina

A..

Es reportate un famihia con thalassemia 6 /3 in he qual he probando esseva

un herteozygotico mixte pro thalassemia 6 /3 e hemoglobina B2. Esseva

constatate un absentia complete de hemoglobimia A2, ho qime indica que iste

mutation de thalassemia 6 /3 supprime complemente he gen cis-delta. Le

remanente normal gen delta esseva capace a augmentar he synthese de catena

delta sufficientemente pro augmentar he concentration de hemoglobina A2 ad

intra he himites del norma. Iste comistatationes exphica he absentia de un elevate

concentration de hemoghobina A2 in iste forma de thalassemia, e illos dem-

onstra que thahassemia 6 /3 es un entitate geneticamente distincte ab thalas-

semia A2. Le possibile mechanismos genetic de thalassemia 6 /3 es commentate.
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