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Genomic probes in prenatal diagnosis of Duchenne
muscular dystrophy in Indians and Chinese
S. S. PAPIHA, S. S. BHATfACHARYA

ABSTRACT
We examined heterozygosity levels in Indian Muslims,
Indian Hindus and Chinese for probes 754. XJl-I and pert
87.8 to determine whether the known X-linked probes close
to the Duchenne muscular dystrophy gene varied in their
usefulness in prenatal diagnosis. The probes 754 and pert
87.8 were highly polymorphic in Indians compared to the
Chinese (754 allele 9-kb: Indians 19% to 26% v. Chinese 9%;
and pert 87.8 allele 1.1- and 2.7-kb: 'Indians 42% to 58%
v. Chinese 28%). However. the polymorphic information
content for the XJ I-I probe was similar in both racial groups,
Though the average heterozygosity for the three probes
together is fairly similar in the racial groups (Indians 46%.
Chinese 47%) their differences in allele frequency and
heterozygosity are such that their use in combination may be
equally informative,

INTRODUCTION
The prenatal diagnosis of Duchenne muscular dystrop?y
(DMD), when there is ample time for ad~quate f~m~ly
studies of linked alleles, poses few problems 10 the majonty
of cases. Unfortunately, in many instances the woman pre-
sents too late during pregnancy to complete the full family
investigations necessary to establish which ?f the mar~ers
might be informative in her case. In a situation where time
and facilities are limited, a full range of probes cannot be
examined' we do not know which of the existing probes
should be' examined first and whether the choice varies
with the woman's ethnic group? We attempted to answer
the second question after a request was made for prenatal
diagnosis in a pregnant Indian Sunni Muslim woman whose
eldest son had Duchenne muscular dystrophy. The mother
was shown to be a definite carrier on the basis of creatinine
kinase (CK) levels of 700 lUlL (normal <70 lUlL). She
was heterozygous for 754 and pert 87.8 but not f~r XJ1-1
and C7. For 754 and pert 87.8, her affected previous son
had received alleles 12-kb and, 1.1- and 2.7-kb respec-
tively. Following chorionic villus sampling, the foetus was
found to be a male, carrying allele 9-kb for 754 and.allele
3.8-kb for pert 87.8 probes, making it likely that It had
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inherited the normal X chromosome (Fig. I). Based on
the recombination frequencies between the DMD locus
and 754 and pert 87.8 of 10% and 5% respectively, we
calculated that there was a risk of 8%.

The diagnostic value of these DNA probes in various
human populations will depend on the relative frequencies
of their restriction fragment length polymorphisms
(RFLPs). In Britain there are 3 million immigrants com-
prising several ethnic populations and there is as yet no
information available on the distribution of DMD linked
RFLPs in the different ethnic groups or in their parent
populations. This paper presents data on DNA poly-
morphisms revealed by three DMD linked probes (754,
XJ 1-1 and pert 87.8) in two Indian populations and a
Chinese population in Singapore and comments on the
usefulness of these probes for the antenatal diagnosis of
DMD in families of these ethnic groups.

MATERIALS AND METHODS
Blood samples from unrelated Indian Hindus, Indian
Muslims and Chinese were obtained as part of ongoing
genetic and DNA studies. Sixty-two chromoso~e~ fro~
Sunni Muslims (22 females and 18 males) living 10

Hyderabad, Andhra Pradesh, India; 62 chromosomes
from Hindu Maharashtrians (52 males and 5 females)
living in Bombay and 61 chromosomes (29 females and
16 females) from Chinese in Singapore were available for
testing. . . .

The DNA extraction procedure, the digestion WIth
restriction endonucleases (Pst I and Taq I), electrophoresis
of digested DNA and its hybridization and autoradio-
graphy methods followed in our laboratory have already
been described. I The three probes (754, XJ1-1 and pert
87.8) were labelled by random priming to a. specific
activity of 1()8 cpm/sg of DNA. The Taq I filter ~as
washed after hybridization with XJ1-1 and autoradio-
graphy and was rehybridized wit~ th~ p~r~ 87.8 probe.

For DNA extraction from chorionic villi, 20 to 30 mg of
the tissue was suspended overnight in 250 fLlof solution
(8 M urea, 0.3 M NaCl, 10 mM Tris and 2% SDS). The
tissue was mixed twice with an equal volume of a chloro-
form+ Octane-2-ol (24:1) mixture, and the DNA precipi-
tated with absolute alcohol This DNA was resuspended
in 300 fLl of solution (50 mM Tris, 0.5 mM EDT A and
10 mM NaCl). This was RNAase treated (50 fLl/ml) for
2 hours fpllowed by proteinase K digestion (50 ,,11m\)
for 4 hours in the presence of a final concentration of
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(a) Family pedigree, Pert 87.8 phenotypes
labelled under each individual
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(b) DNA digested with Taq Iand probed
with Pert 87.8
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FIG1. Prenatal diagnosis of DMD in a Muslim family

0.5% SOS. From here onwards the DNA extraction
procedure w~ similar to that for the extraction from
leukocytes.

The differences among the three groups was tested by
Fischer's exact probability.

RESULTS
There were significant differences in allele count between
the Chinese and Indian populations (Table I) (Hindus v.
Chinese p=O.OOI and Muslims v. Chinese p=0.03) but
there was no significant difference between the two Indian
populations (p=0.16).

Probe XJl-J (Table I)
The allele 3.5-kb was the common allele in both the Hindu
and Muslim populations of India (53% and 66% respec-
tively) and in the Chinese it showed an intermediate
value (62%). Both Indian populations did not show any
significant variations compared to the Chinese population
but the allele frequency between the two Indian groups
were significantly heterogenous (p=O.04).

Pert 87.8
The allele 1.1- and 2.7-kb in the Indian populations
showed a much higher frequency than the Chinese
(Muslims 58%, Hindus 42% and Chinese 28%). The
difference in the allele frequency between the three popu-
lations proved highly significant (Muslims v. Hindus

TABLEI. Allele frequencies of DNA polymorphism for probes
754, XJ 1-1and Pert 87.8 in three populations

Probe Muslim Hindu Chinese
(Alleles) (Hyderabad) (Bt>mbay) (Singapore)

754
(12-kb) 0.81 0.74 0.91
(9-kb) 0.19 0.26 0.09
Chromosomes tested 62 62 54

XJ 1-1
(3.8-kb) 0.34 0.47 0.38
(3.1-kb) 0.66 0.53 0.62
Chromosomes tested 53 51 45

Pert 87.8
(3.8-kb) 0.42 0.59 0.72
(1.1-and2.7-kb) 0.58 0.42 0.28
Chromosomes tested 57 53 61

-------------------------------
Fisher's exact probability (p value):

754 XJ 1·1 Pert 87.8

Muslims v. Hindu
Muslims v. Chinese
Hindu v. Chinese

0.16
0.03
o.ooi

0.04
0.33
0.13

0.02
0.00002
0.03
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TABLE II. Heterozygosity of DNA polymorphism for Pert 87.8.
754 and Xl 1-1probes in two populations

Probe Restriction enzyme Indian Chinese

754 Pst observed 0.37 0.07
expected (0.31) (0.17)

Xll-1 TaqI observed 0.50 0.77
expected (0.45) (0.47)

Pert 87.8 TaqI observed 0.50 0.56
expected (0.49) (0.40)

Average heterozygosity 0.46 0.47

p=O.02; Muslims v . Chinese p=O.OOOO2 and Hindus v.
Chinese p=O.03).

The observed and expected heterozygosity of each of
these probes in Indian and Chinese populations is given in
Table II. The number of females in the Maharashtrian
sample was small so in testing for heterozygosity the two
Indian female samples were pooled. Since the allele fre-
quency differs. the expected heterozygosity differs and it
ranges in Indians from 31% to 49% and 'in Chinese from
17% to 47%. However. the average heterozygosity for
the three probes was similar in Indian and Chinese
samples (46% and 47% respectively). For the Chinese
sample the observed heterozygosity for probe XJ 1-1 was
significantly higher than the expected value.

DISCUSSION
Among the fifteen Xvlinked DNA probes which have
been examined for proximity to the DMD gene, 754 and
C7 are the closest of the flanking probes of the DMD gene
whereas XJ1-1 and pert 87.8 along with two other pert
probes 87.1 and 87.15 have been isolated within the DMD
region. Studies of nuclear and mitochondrial DNA poly-
morphisms have demonstrated considerable variation in
frequency from one race to another, and a race specific
DNA marker has also been reported.l-' In European
populations the short arm X chromosome probes show no
conclusive heterogeneity in allele frequency except for
the 5.3-kb allele identified by the RC8 (DXS9) probe+"
but for some of the probes different racial groups show
much more variation.v? A recent study of DMD linked
pert probes in Japanese showed frequencies for pert
87.8 RFLPs significantly different from Europeans and
Americans.'

The RFLPs identified by 754 are fragments of length
12-kb and 9-kb. Similarly RFLPs for XJ1-1 are of 4.5-kb
and 3:5-kb and for pert 87.8 of 3.8-kb, and 1.1- and 2.7-kb.
These alleles were present in all three ethnic groups and
no new allele was found. The allele frequencies calculated
from the total number of chromosomes tested in each
population and for the three probes is given in Table I. In
all the female samples there is agreement between the
observed heterozygote numbers with those expected
under the Hardy-Weinberg·equilibrium.

Probe 754
In European populations the frequency reported for
allele 9-kb ranges from 34% in Germans to 46% in the
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French. In Asia this allele is relatively infrequent. In
Indian populations it ranges from 19% to 25% whereas in
Chinese it is lower (9%).

We found that while the three probes employed together
are likely to be almost equally useful in each of the Indian
and the Chinese populations, the most informative probe
for antenatal diagnosis in the Chinese was the pert 87.8
and XJl-1 and in Indians the 754 and pert 87.8. The probe
754 was of limited value in the Chinese population. How-
ever, the situation within a family will of course depend
on the zygosity status of each relevant individual.

The population heterozygosities of the three X chromo-
some probes studied and the prenatal diagnosis in a
Muslim family show that these probes have considerable
potential for prenatal diagnosis of DMD in ethnic groups
other than Europeans. The heterozygosities show that in
the case prompting this enquiry. the family was somewhat
fortunate, for using these three probes in combination
would not be informative in approximately 19% of cases
in Indian Muslims. Individually the probes will vary in
their efficiency in different populations but, if used
together, they can be expected to complement each other.
To provide more accurate diagnoses new polymorphisms
near the disease genes are constantly being sought and
these may differ sufficiently in frequency in different
populations to affect their usefulness. It is important,
therefore, to establish for various ethnic groups which
probes are likely to be the most informative so that the
most appropriate RFLPs can be employed when urgent
antenatal diagnosis is required.
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