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ABSTRACT

Hereditary Spherocytosis (HS) is an inherited hemolytic anemia caused by the defects on membrane proteins and characterized by
icterus, anemia and splenomegaly. Hereditary Spherocytosis clinically and genetically comprises a heterogeneous group of hemoly-
tic anemias. In about 75% of the cases, the inheritance follows an autosomal dominant pattern and about 25% of cases occur spo-
radically. The aim of this study was to find which gene was responsible for the autosomal dominant HS in a large family of four ge-
nerations. The linkage to the major HS genes (including SPTA1, SPTB, ANK1 ve SLC4A1) was searched by using LINKAGE and
MERLIN analysis and LOD-score statistical calculations. As a result of using these analyses, we confirmed that the HS in this family
was an autosomal dominant form of the disease and the incidence was linked to the SPTB gene which maps to chromosome 14.
Linkage analysis is an effective prescreening method in genetically heterogeneous diseases and a new mutation analysis study is in
the planning stage to detect the mutation in the SPTB gene.
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ÖZET

SPTB Gen Defekti Olan Dört Kuflakl› Herediter Sferositozlu Bir Ailede Ba¤lant› Analizi

Herediter sferositoz (HS), membran proteinlerinin defektleri nedeniyle oluflan; anemi, sar›l›k ve splenomegali ile karakterize herediter
bir hastal›kt›r. HS, klinik ve genetik olarak hem dominant hem de resesif kal›t›mla iliflkili heterojen bir hastal›kt›r. Olgular›n % 75’i oto-
zomal dominantt›r, % 25 olguda ise bir aile hikayesi yoktur. Bu çal›flman›n amac› dört kuflakl› genifl bir ailede rastlanan otozomal do-
minant geçiflli Herediter sferositoz’da hangi gendeki mutasyonun patolojiden sorumlu oldu¤unu bulmakt›r. Herediter sferositoz’da
majör etkili olan SPTA1, SPTB, ANK1 ve SLC4A1 genlerine ba¤lant›n›n varl›¤›; ba¤lant› (LINKAGE) ve MERLIN analizi ayr›ca LOD skor
istatistiksel hesaplamalar› kullan›larak araflt›r›lm›flt›r. Sonuç olarak; bu analizlerin kullan›m› ile araflt›rd›¤›m›z ailede görülen Herediter
Sferositoz’un otozomal dominant olarak kal›t›ld›¤› ve 14 numaral› kromozomda yerleflik olan SPTB geninin hastal›ktan sorumlu olaca-
¤› bulunmufltur. Genetik heterojenite gözlenen hastal›klarda ba¤lant› analizi, etkin bir ön tarama yoludur ve ba¤lant› gözlenen SPTB
geninde mutasyon taramas› yap›labilmesi için yeni bir çal›flma planlanacakt›r.
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INTRODUCTION

Hereditary Spherocytosis (HS) is a clinically and ge-
netically heterogeneous disorder of the red blood
cells (RBCs).1 The biochemical defects in HS are re-
lated to abnormalities in the RBC membrane prote-
ins.2 HS is characterized by a broad spectrum of cli-
nical severity, ranging from asymptomatic form to li-
fe-threatening anemia with transfusion dependence.3

Approximately 75% of cases display an autosomal
dominant pattern of inheritance but about 10-25% of
the cases reveal no family story, comprising recessi-
ve forms and de novo mutations.4,5

This disorder, including the mild or subclinical
forms, is the most common cause of inherited chro-
nic hemolysis in Northern Europe and North Ameri-
ca with a prevalence ranging from 1:2000 to
1:5000.6,7 It has also been described in other popula-
tions, especially in Japan.8

In adults, the clinical signs of HS are hyperhemoly-
sis, anemia, icterus and splenomegaly. HS is charac-
terised by the presence of spherocytes (spherical-sha-
ped erythrocytes) on the peripheral blood smear.9

Spherocytes are spheric shaped microcytic cells with
no pale area in it. In HS, there is increased fragility
of the red cell membrane, loss of membrane surface
area, and trapping and destruction of the red cells in
the spleen.10

The molecular defect is highly heterogeneous, invol-
ving the genes encoding for spectrin, ankyrin, band 3
and protein 4.2.11 Spectrin is the main component of
the erythrocyte skeleton. This filamentous protein is
composed of two subunits, α and β, that are encoded
by separate genes SPTA1 and SPTB. The α and β
chains intertwine in an antiparallel manner to form
heterodimers which come together head to head to
form tetramers.12 Spectrin tetramers are secured to
the membrane by interaction of β-spectrin chains
with ankyrin, a protein that forms a bridge to a major
transmembrane protein, the anion exchanger known
as band 3. This binding is strengthened by other pro-
tein interactions.13,14

In early studies in 1985 biochemical analysis of the
membrane skeleton proteins showed that spectrin is
deficient in patients with HS.15 It was mentioned that
the amount of spectrin deficiency correlates with the
severity of the disease and response to splenectomy.
Cytogenetic and genetic linkage analyses later sho-

wed that ankyrin defects are an underlying cause of
HS in some families.16,17 Subsequent work showed
that most patients with HS had combined spectrin
and ankyrin deficiency.18,19 In patients with HS, the
biochemical analysis of the red cell membrane prote-
ins by sodium dodecyl sulfatepolyacrylamide gel
electrophoresis (SDS-PAGE) has identified four dis-
tinct abnormalities corresponding to four different
subsets; (1) isolated deficiency of spectrin, (2) com-
bined deficiency of spectrin and ankyrin, (3) defici-
ency of band-3 protein, (4) deficiency of protein
4.2.20 Our current understanding is that HS is caused
by defects in the proteins involved in the vertical in-
teractions between the membrane skeleton and the li-
pid bilayer.

A lot of molecular defects have been determined in
several HS patients by different authors. The genes
responsible for developing HS are SPTA1, SPTB,
ANK1, SLC4A1 and EPB42. These are huge genes
with many exons. For this reason linkage analysis is
an effective method to recognize the candidate gene.

The subject of this study is a Turkish family compo-
sed of four generations and 19 affected members. Af-
fected members of the family was examined and cli-
nically diagnosed in pediatric hematology clinic of
our hospital. We performed genotyping and linkage
analysis based on the genomic positions of functional
candidate genes to identify the locus for the gene that
is mutated in HS. We revealed the linkage between
HS and RBC membrane protein coding genes.

MATERIALS AND METHODS

A four generation Turkish family with autosomal do-
minant HS was studied. The family consisted of 86
members and 19 of them was affected. Splenectomy
had been performed in all of the affected individuals.
The proposita was a 14-year-old girl who was diag-
nosed in the pediatric hemotology clinic of Selcuk
University Meram Medical Faculty Hospital in Kon-
ya. After the examination, splenomegaly, jaundice,
hemolysis and increased osmotic fragility of the
erythrocytes was determined. Other affected mem-
bers of the family were sharing the characteristic fe-
atures of the disease and had underwent splenec-
tomy. The pedigree of the family is specified in the
Figure 1. The study was approved by the Selcuk Uni-
versity Ethics Committee and written informed con-
sent was taken from the members of the family.
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The linkage to the major genes in HS (SPTA1, SPTB,
ANK1 and SLC4A1) was searched using the linkage
analysis. We analysed SPTA1 gene because α-spect-
rin takes an important place in forming spectrin pro-
tein.19 In other words a defect in α-spectrin affects
spectrin formation. SPTA1 defect cause an autosomal
recessive HS and moreover SPTA1 gene defects are
frequently seen in some populations. For these re-
asons we included the SPTA1 gene in our study. We
excluded the protein 4.2 coding EPB42 gene because
a defect in this gene was identified in an autosomal
recessive HS and notable especially in Japanese po-
pulation.21

Peripheral venous blood was obtained from 24 indi-
viduals of the family and genomic DNA was extrac-
ted from peripheral blood lymphocytes according to
standard procedures. We used polymorphic DNA
markers selected from the http://research.marshfi-
eldclinic.org and http://www.ensembl.org internet si-
tes as seen in Table 1. We used polymorphic micro-
satellite markers for SPTA1: D1S1653 and D1S2635;
for SPTB D14S1012, D14S1046, D14S1069; for
ANK1: D8S1051,D8S268 and for SLC4A1 D17S932,
D17S1861, D17S1325, D14S1299, D14S951.

PCR amplification, 7% denaturant polyacrylamide
gel electrophoresis, and silver staining methods were
used to separate the alleles. Gels were manually pho-
tographed for genotyping. Haplotypes were const-
ructed using the program CYRILLIC 2.1. Allele si-
zes for each particular marker were sized using pBR-
HaeIII DNA ladder. In figure 2; there is a denaturant
polyacrylamide gel photo of chromosome 14.

Two-point linkage analysis was performed by using
the MLINK program of the FASTLINK implementa-
tion of the LINKAGE program package.22,23,24 An au-
tosomal dominant model with a penetrance of 0.85
was assumed. Mutant allele frequencies were kept as
0.0001 and normal allele frequencies were 0.9999.
There was a reduced penetrance in this family as se-
en in the pedigree in individual 10.

The parametric component of the MERLIN package
v1.01 was used for the multipoint analysis.25,26 In the
map file of MERLIN program, genetic positions
(cM) of the DNA markers were provided from the in-
ternet site of Marshfield Clinic Research Foundation
(http://research.marshfieldclinic.org/ genetics/ Gene-
tic Research/ data/maps).
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Figure 1. The pedigree of the four generation Hereditary Spherocytosis family. Proband is shown with an arrow. Affected individuals

are shown with filled symbols and normals with clear symbols. There is a reduced penetrance in this family as seen in the pedigree

in individual 10.



RESULTS

We studied with 24 members of autosomal dominant
HS family. After the linkage analysis, the maximum
LOD-score, Zmax = 4.628 at recombination fraction
θ = 0,00 was obtained for the SPTB gene with mar-
kers D14S1012, D14S1046, D14S1069 and under
85% penetrance. The other LOD-scores for ANK1,
SPTA1 and SLC4A1 genes were negative as seen in
Table 2. Haplotype analysis of chromosome 14 is gi-
ven in Figure 3. We detected two recombination
events in unaffected individuals 69 and 72 positioned
to the distal site of the SPTB gene.

By using multipoint analysis (MERLIN) we obtained
the maximum LOD-score, Zmax = 3.775. In haploty-
pe analysis we observed the segregation between di-
sease allele and the genetic markers specific for regi-

on 14q23-q24. The multipoint analysis graphic of
two genetic markers used for the chromosome 14 is
shown in Figure 4.

Eventually; by using LINKAGE and MERLIN
analysis and LOD-score statistical calculations, we
determined that there was an autosomal dominant
form of HS in this family which is linked to the SPTB
gene which maps to chromosome 14. Although com-
bined spectrin-ankyrin defect was the most common
abnormality in this disease18,19, this hypothesis is exc-
luded for this family because no linkage was found in
ankyrin gene localization. Linkage analysis was
shown to be an effective pre-screening method in ge-
netically heterogeneous diseases. A new mutation
analysis study is in the planning stage to detect the
mutation in the SPTB gene.
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Table 1. The polymorphic markers and their sequences that used in amplification of  ANK1, SPTB, SPTA1, SLC4A1 genes.

Gene Chromosome location Genetic Marker Genetic marker sequence

ANK1 8p11.2 D8S1051 F: CTGCATTACAGCCTGGATG

R: AAGAGTAGATGGGAGGCAA

D8S268 F: ACCTACAAGCAACAACACCA

R: GTTGACTTCCATGGCTCTTT

SPTB 14q23-q24.1 D14S1012 F:GGCATCAGGGCAATGT

R:CACCAGTTGGGAATGAGA

D14S1046 F:CATTTGGAGTTGAGTGGTTGA

R:CCTCTGTGGATTCTGGGA

D14S1069 F:TGTTCTAGTTGATGTGAGACTT

R:TATTTGAGGACCTGCTGTAA

SLC4A1 17q21-q22 D17S932 F: GCTAAAAATACACGGATGG

R: TGCAAGACTGCGTCTC

D17S1861 F: AGGGGCAGCAGTCCTGTA

R:ACATCATCCTGAAATCTAATGG

D17S1325 F:AAAGGTGGCAATTCACAGTTG

R:GTGATAAAACTCAGTGGTACC

D17S1299 F:TAGCACTTGAGCACACATGG

R: GTGCATTATGGGGACCATTA 

D17S951 F: GGCCTCCCAAACTGCTT

R: TCTACCCCGATGAGCCA

SPTA1 1q22-q23 D1S1653 F:GGAAAGCCTGTAGGAAGAGG

R: CCTGGATGACAGAGTGCTCT

D1S2635 F: TAGCAGATCCCCCGTC

R:TGAATCCTACCCCTAAGTAAT



DISCUSSION

The basic pathological defect in HS lies in the
membrane of the red cell. Main features of the genes
encoding the red cell membrane proteins are given in
Table 3. Intensity of HS is stated as mild, moderate,
moderately severe, and severe according to some cli-
nical laboratory variables which are hemoglobin and
bilirubin concentrations, and reticulocyte count.6 All
of these clinical and genetic features are summarized
in Table 4. 

We studied a large family of four generations in Tur-
kish population with autosomal dominant HS and
isolated spectrin deficiency. Linkage analysis using
microsatellite markers showed evidence for linkage
between HS and the β-spectrin gene. We examined
markers D14S1012, D14S1046 and D14S1069 and
showed co-segregation with HS.

According to clinical prospect, biochemical phenoty-
pe and molecular deficiencies; HS is a heterogeneous
disorder.27 In Northern European populations with
HS, ankryrin deficiency is the most common bioche-
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Figure 2. Denaturant polyacrylamide gel photo of chromosome 14.

Table 2. Lod scores of the polymorphic DNA markers selected from the candidate gene  region for HS phenotype.

Chromosome Genetic Marker Recombination Fraction (θ=cM)

0.00 0.05 0.10 0.20

1 D1S1653 -3.334 -0.439 -0.232 -0.084

D1S2635 -3.963 -0.857 -0.500 -0.181

8 D8S1051 - ∞ -2.146 -1.241 -0.429

17 D17S1299 - ∞ 1.129 1.405 1.323

D17S932 - ∞ 0.741 1.095 1.133

D17S1325 - ∞ 0.932 1.226 1.179

D17S951 - ∞ -0.360 0.055 0.272

D17S1861 - ∞ 0.917 1.009 0.875

D17S2180 0.745 0.672 0.598 0.448

14 D14S1012 1.659 1.483 1.302 0.93

D14S1046 4.628 4.236 3.828 2.954

D14S1069 2.694 2.556 2.363 1.861



mical abnormality in approximately 50-60% of ca-
ses.5,28 Ankyrin mutations lead to both autosomal do-
minant and recessive HS and clinical severity of HS
changes from mild to severe. Ankyrin binds both
spectrin and band 3, so ankyrin deficiency can cause
a functional decrease in spectrin and band 3 proteins
on the RBC membrane.10 Combined ankyrin and
spectrin deficiency was detected in most cases of HS.
In these cases the ankyrin defect was the primary
molecular defect and spectrin deficiency was secon-
dary to the loss of ankyrin binding region.17,18 Isolated
spectrin deficiency constitutes 20% of HS cases and
clinical severity of HS changes from mild to modera-
tely severe in patients with β-spectrin while an α-
spectrin defect causes severe HS. Miraglia et al re-
ported that isolated spectrin deficiency was the most
common abnormality among Italian HS patients.29

Band 3 deficiency is found in approximately 15-20%
of HS patients and cause mild to moderate clinical
view.30,31
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Figure 3. Haplotype analysis of chromosome 14. Individuals used in the linkage analysis are numbered 1–84. The order and the

physical locations (Mb) of the DNA markers are shown to the upper left. Two recombination events in unaffected individuals 69 and

78 placed the disease locus distal to the disease gene SPTB (64.2 Mb).

Figure 4. The mul-

tipoint  analysis graphic of two genetic markers  used for the

chromosome 14.
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The incidence and prevalence for HS have not been
clearly established in Turkey but there are some re-
ports for Italy and Greece.29,32 We share a common
Mediterranean geography with these populations.
Other deficiencies previously have been reported for
some populations but spectrin deficiency is the most
common HS defect for the Mediterranean ancestry.33

In previous studies, RBC membrane protein quanti-
tative analysis by gel electrophoresis (SDS-PAGE
analysis) or direct DNA sequence analysis were per-
formed by the other researchers. In our study, we de-
cided perform linkage analysis because our family
was appropriate for this study as the family was lar-
ge with four generations. Linkage analysis is a rapid
and effective pre-screening method in genetically he-

terogeneous diseases if the size of the physical const-
ruction of the gene is considered. In the literature we
see that linkage analysis is used in large families but
there are few studies made with this method for HS
families. For example Garbarz et al in 1998 studied a
three generation autosomal dominant HS family and
searched for linkage between dominant HS and
SPTB and ANK1 genes and linkage was shown bet-
ween autosomal dominant HS and the SPTB gene.1

LODscore was calculated as 3,6 for the polymorphic
genetic markers D14S63 and D14S271. We used dif-
ferent polymorphic markers for the SPTB gene such
as D14S1012, D14S1046 and D14S1069 and we fo-
und the same result.
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Table 3. Main features of the genes encoding the red cell membrane proteins.

Protein Gene Location Inheritance

α- Spectrin SPTA1 1q22-q23 Recessive

β- Spectrin SPTB 14q23-q24.2 Dominant

Ankyrin ANK1 8p11.2 Dominant

Band 3 SLC4A1 17q12-q21 Dominant

Protein 4.2 EPB42 15q15-q21 Recessive

Table 4. Clinical and genetic features of HS (AD; Autosomal dominant, AR; autosomal recessive, Sp; spectrin, Ank; ankyrin, pro

4.2; protein 4.2, SDS-PAGE; sodium dodecyl sulphate polyacrylamide gel electrophoresis [10].

Mild Moderate Moderately Severe Severe

Haemoglobin (g/L) Normal >80 60-80 <60

Reticulocytes < 6% >6% >10% >10%

Bilirubin(µmol/L) 17- 34 >34 34-51 >51

Peripheral smear Some spherocytes spherocytes spherocytes Microspherocytes

and poikilocytosis

Splenectomy Rarely in some cases Necessary Necessary

(at >5 years) (at >2–3 years)

SDS-PAGE Normal Sp,Ank+Sp, Sp,Ank+Sp, Sp,Ank+Sp,

(protein deficiency) band3, pro 4.2 band3 band3

Heredity AD AD, de novo mut. AD, de novo mut. AR



Reduced penetrance observed in our family in indivi-
dual 10 is a feature of autosomal dominant inheritan-
ce. The term 'reduced penetrance' means that some
subjects with the genotype may not express the phe-
notype. The individual 10 had an affected father, two
affected sisters and three affected children but she
had no HS phenotype. The penetrance proportion is
0,85. In HS, reduced penetrance was not mentioned
before in the literature.

As a result, in genetically heterogeneous diseases li-
ke HS, there is not a practical way to find the respon-
sible gene by analysing the phenotype. The bioche-
mical defect is not directly reflective of the molecu-
lar defects. For example, mutations of spectrin or
ankyrin genes can cause a decrease in spectrin as-
sembly on the RBC membrane.10 After a large family
carrying HS is detected, linkage analysis is the best
pre-screening method to initially diagnose the mole-
cular defect. DNA sequence analysis is the following
step to detect the mutation in the defined gene. We
showed the linkage between HS and β- spectrin ge-
ne. A new mutation analysis study is in the planning
stage to detect the mutation in the SPTB gene.
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