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Abstract 
Hemoglobin New York (beta 113 (015) Val~Glu), a ~-globin variant, was first reported 

in a Chinese family living in New York. Subsequently, this abnormal hemoglobin was reported in 
many Chinese descendants from several groups and it was also known as Hb Kaohsiung. The subtle 
change in a1 ~ 1 contact region apart from the heme group connecting area by Val~Glu substitu­
tion has minor changes in both the electrophoretic mobility and stability making this hemoglobin 
variant difficult to distinguish from Hb A using routine hemoglobin analysis. The authors described 
a case of heterozygosity of Hb New York diagnosed by a molecular technique and revealed a 
mutation in ~co 113 GIG-+GAG. A novel Allele Related Mutation Specific-Polymerase Chain Reaction 
(ARMS-PCR) for rapid diagnosis of this mutation has been proposed. 
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Thalassemia and hemoglobinopathies are 
very commort inherited disorders and have been 
found in nearly every region throughout the world 
(1). In particular, Southeast Asia and Southern China 

where both types of hemoglobin disorder are ex­
tremely common, it was estimated that nearly 30 
per cent of the population in this area carry one of 
these disorders(2). Moreover, a wide variety of muta-
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tions make up more than 60 different thalassemia 
and hemoglobinopathies syndromes contributing to 
the complexity in diagnosis and proper management. 
Standard hemoglobin studies using electrophoresis or 
chromatography, sometimes, can easily detect abnor­
mal hemoglobin presenting in red blood cells. How­
ever, it is not always the case since some abnormal 
hemoglobin variants may be hard to detect using 
standard methods and this increases the difficulty 
in the diagnosis. The authors reported a case of a 
healthy woman with Hb New York (beta 113 (G 15) 
Val~Glu) in whom routine hematological and hemo­
globin analyses were not able to demonstrate this f)­
globin variant. To our knowledge, this is the second 
report of this hemoglobin variant in Thailand. The 
molecular characterization of mutation responsible 
for Hb New York (13CD113 GIG~GAG) has been 
described including a novel Allele Related Mutation 
Specific-Polymerase Chain Reaction (ARMS-PCR) 
for rapid diagnosis of this mutation. 

CASE HISTORY 
A 31-year old healthy woman was referred 

to the Department of Pediatrics, Faculty of Medi­
cine, Siriraj Hospital for definitive diagnosis of her 
abnormal hemoglobin. This was accidentally revealed 
during her laboratory evaluation due to her inferti­
lity problem after several years of marriage without 
gestation. She had no history of anemia, jaundice, 
blood loss, chronic disease and thalassemia in her 
family. Her father had migrated from main land 
China and her mother is of half Thai-Mon descent. 
Physical examination was unremarkable. Complete 
blood count was performed and revealed normal 
hematological profiles 5.04 x IQ12JL of red cells 
count (RBC), 13.9 g/dL of hemoglobin (Hb), 42.6 
per cent of hematocrit (Hct), 84.6 fL of mean cell 
volume (MCV), 27.6 pg of mean cell hemoglobin 
(MCH), 32.6 g/dL of mean cell hemoglobin concen­
tration (MCHC), 14 per cent of red cell distribution 
width (ROW), 4 per cent of reticulocytes count and 
normal platelet and white blood cells counts (WBC). 
The brilliant cresyl blue staining of peripheral blood 
for inclusion bodies was negative. Hemoglobin ana­
lysis using cellulose acetate electrophoresis in Supre­
Heme Buffer (Helena Laboratories, Texas, USA), 
demonstrated abnormal hemoglobin band (Hb X) 
running close to Hb A. The proportion of Hb X, Hb 
A and Hb A2 were 43.3 per cent, 51.8 per cent and 
4.9 per cent respectiveJy(3). However, this abnormal 

hemoglobin was less distinctive and hardly discrimi­
nated from Hb A using the starch gel electrophore­
sis(4) nor by Low Pressure Liquid Chromatography 
(LPLC, Hb Gold, Hemoglobin Analyser, Drew 
Scientific Ltd., UK). To confirm the presence of this 
Hb X, an isoelectric focusing technique was carried 
out(5), and this abnormal hemoglobin was clearly 
demonstrated. This abnormal band ran to the position 
next to Hb A (Fig. 1) and the quantity was nearly 
50 per cent of the total hemoglobin. The presence 
of approximately 45-50 per cent of abnormal hemo­
globin in this woman suggests that this abnormal 
hemoglobin should result from the 13-globin chain 
variant and prompted the authors to evaluate the 
molecular defect of the structure of 13-globin gene 
in which Hb New York is suspected. 

MATERIAL AND METHOD 
Genomic DNA was extracted from peri­

pheral leucocytes using EDT A as an anticoagulant 
using the method described elsewhere(6). To detect 
the mutation, 2.4 kb region of the 13-globin genes 
extending from -124 bp upstream of the cap site to 
+163 downstream of the poly A site were amplified 
by a polymerase chain reaction (PCR), and mutations 
were identified by direct nucleotide sequencing of 
the PCR product using fluorescent labeled dideoxy­
terminator (Perkin Elmer Biosystems Co., Norwalk, 
USA) and analyzed on an ABI 377-automated 
sequencer (Applied Biosystems, Foster City, USA). 

To confirm the mutation found in Hb New 
York (J3CD113 GIG~GAG), the authors designed 
an Allele Related Mutation Specific-Polymerase 
Chain Reaction (ARMS-PCR). The common forward 
primer (F1); 5'-CAATGTATCATGC-CTCTTTGC 
ACCATT-3' was synthesized and used with either 
one of two reverse primers (one is specific for ampli­
fication of the normal allele; Rn; 5' -GCCAAAGT 
GATGGGCCAGCA-3' and the other is specific for 
mutant allele: Rm; 5'-GCCAAAGTGATGGGCCT 
GCT-3'). These reverse primers are different at their 
3'-end denoted in bold. The mutagenic primer (Rm) 
was designed to have one site mismatch (T) in order 
to increase the specificity of the PCR for Hb New 
York allele. The normal allele primer set (with primer 
F1 and Rn) and mutant allele primer set (F1 and Rm) 
amplify 303 bp fragments. Another pair of primers 
to amplify a part of human 13-actin gene (159 bp) 
was included to the PCR reaction as an internal 
control to justify the success of amplification. These 
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Fig. 1. Isoelectric focusing shows Hb New York running to the position right next to Hb A. (M represents 
Standard Hemoglobin Marker, Cl represents Hb H disease patient showing Hb H and A, P repre­
sents th~ proband in this report, C2 and C3 represent normal controls.) 

sequences are, forward primer Fb; 5'-CGACATG 
GAGAAGATCTGGCAC-3' and reverse primer Rb; 
5'-GTACATGGCTG GGGTGTTGAAG-3'. The 
PCR reactions (normal and mutant set) were per­
formed separately consisted of 1.5 mM MgCI2, 
10 mM Tris-HCI, 50 mM KCI (pH 8.3), 200 J .. IM 
of each dNTP, 25 pmol of primer F1 and Rn (or 
Rm), 5 pmol of primer Fb and Rb and 2.5 U of Taq 
polymerase (Roche Diagnostic, Mannheim, Germany) 
and 100 ng of genomic DNA in a final volume of 
50 J.d. The reaction was carried out in MJ DNA 
engine thermocycler (MJ research) with an initial 
denaturation step of 95·c for 5 minutes and then 
35 cycles of 95•c 30 seconds, 64·c 30 seconds and 
n·c 90 seconds and a final extension at n·c for 
10 minutes. The PCR products were run in 2.5 
per cent ethidium bromide stained agarose gel and 
directly visualized under an UV light transillumi­
nator. 

RESULTS 
The molecular analysis of the structure of 

the r3-globin gene using direct genomic sequencing 
showed a mutation of the second nucleotide of codon 
113, GIG~GAG with normal sequence of codon 
113 (data not shown). This result demonstrated that 
abnormal hemoglobin presenting in the propositus 
was genuine Hb New York (beta 113 (G 15) Val~ 
Glu). Therefore, this woman is a heterozygote of 

Hb New York mutation. The presence of this muta­
tion was assured using the newly developed ARMS­
PCR. In the normal PCR panel (using the normal 
reverse primer (Rn)), a 303 bp fragment represent­
ing the amplification from normal allele was pre­
sented in the propositus (S) and two normal controls 
(C1 and C2) (Fig. 2). However, in the mutant PCR 
panel with the mutant reverse primer (Rm), a 303 
bp fragment in which is specific to T ~A mutation 
in Hb New York has been amplified successfully 
only in the propositus not in the controls. In both 
PCR panels, 159 bp-PCR fragments of r3-actin gene 
were successfully amplified. This result confirms 
the heterozygosity of the proband since it has been 
revealed that she had positive fragments using either 
normal or mutant primer set. This technique can be 
used effectively for a rapid diagnosis for this muta­
tion in future suspected cases. 

DISCUSSION 
Hb New York also known as Hb Kaohsiung 

was described initially in a Chinese family in New 
York{1,7). Afterwards, this hemoglobin variant was 
repeatedly described in many Chinese descendants 
(8-15) and once in a Thai famiJy(16). To the authors' 
knowledge, this is the second report of such a muta­
tion in Thailand. 

The Val~Giu substitution described in Hb 
New York has an unremarkable effect upon the 
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Fig. 2. A rapid and novel molecular diagnosis of Hb New York using Allele Related Mutation Specific Poly­
merase Chain Reaction (ARMS-PCR). (Cl and C2 represent normal controls, P represents the pro­
positus, M = 100 Kb molecular weight marker, see text). 

chemical and physical properties even though this 
mutation lies in the a 1 ~ 1 contact. This contact plays 
an important role in the maintenance of the quater­
nary structure of the hemoglobin moleculeOI ). 
However, the structural alteration between oxy-Hb 
and deoxy-Hb by this substitution is subtle making 
this variant hardly distinctive from Hb A. The rever­
sal of hydrophobic residue (Valine) to hydrophilic 
residue (Glutamine) results in instability of this 
hemoglobin molecule(8,9) . It has been shown before 
that the newly synthesized a-globin chain preferen­
tially binds to this ~-globin variant than to normal 
~-globin(8) . This leads to an increased turnover by 
rapid destruction of the a2~2CD113 GIG~GAG 
due to the unstable property of this ~-globin variant. 
As a result, the globin chain synthesis study was 
revealed showing a decrease in ratio between a/~ 

globin syntheses(8). Subsequently, it was demon­
strated that the coinheritance of Hb New York , some­
what, augmented the clinical severity in a patient 
with Hb H disease by three a-globin genes deletion 
(--/-a) and the more discernible a/~ globin chain 
imbalance was pronounced. This suggests that the 
presence of this ~-globin variant may be important 
in modification of the clinical presentation in patients 
with a-thalassemia. However, a more informative 
study regarding clinical phenotypes of patients with 
double heterozygosity of Hb New York and a-thalas­
semia is essentially required before any conclusion 
can be drawn . 

One drawback in the detection and diag­
nosis of Hb New York is this variant can hardly be 
discriminated from Hb A. However, the molecular 
characterization by direct genomic sequencing in-
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eluding a novel ARMS-PCR described here a making 
definitive diagnosis of Hb New York feasible. It is 
noteworthy that this report also confirms the benefit 
of the isoelectric focusing technique in identifying 
abnormal hemoglobin in which the standard hemo­
globin analyses such as starch gel electrophoresis 
and liquid chromatography can not detect it. 
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LLJ.i-uini1!J1D Allele Related Mutation Specific-Polymerase Chain Reaction 
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