
The human growth hormone genes (hGH) are
located on chromosome 17q22-24. A tandem
repeat linked to hGH is highly polymorphic and the
basic structure of the repeat is reported to be
(AAAG)3ACAA(AG)3[(AAAG)x(AG)y(AAAG)z]AAGG
(AAAG)3 in Caucasians, but details of allelic struc-
ture have not been clarified in Japanese. The
objective of this study was to provide the initial
data of the hGH alleles and the structure of the tan-
dem repeat in Japanese. In this study, the
sequences of hGH alleles were analyzed in 56
healthy, unrelated Japanese. A total of 57 alleles
were found and the degree of heterozygosity was
96.4%, however, 2 samples could not be
sequenced. Our results provide the basic data of
the hGH alleles in Japanese and point out the
future improvement for forensic analysis of this
locus.
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Introduction

The human growth hormone gene (hGH) is located
on chromosome 17q 22-24 and presents a short tan-
dem repeat (STR) polymorphism based on an
(AAAG)3ACAA(AG)3[(AAAG)x (AG)y (AAAG)z]AAGG
(AAAG)3 sequence1-4. Eighteen alleles have been
reported in Caucasians, according to typing by elec-
trophoresis of PCR products4. However, in complex
mutational systems, some alleles defined by the
length of DNA fragments (length alleles) may be further
sub-typed by sequencing into base sequence alleles or
micro-variants, thus providing a higher degree of poly-
morphism5-7.

This study examined the length alleles of the hGH
system and their base sequences using DNA samples
from healthy, unrelated Japanese. The aim of this
study was to clarify the structure of the hGH alleles and
to obtain the initial data of the hGH system in
Japanese population. This report provides the first
basic data of the hGH alleles in Japanese and point out
the future improvement for forensic analysis of this
locus.
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Materials and Methods  

DNA samples
The study population consisted of randomly selected

healthy Japanese living in the Tokyo metropolitan
area. Genomic DNAs were extracted from fresh
peripheral blood of 56 healthy, unrelated Japanese
blood donors by a phenol/chloroform method. All sub-
jects gave written informed consent to participate in the
study. This study was approved by the ethical commit-
tee of Tsurumi University School of Dental Medicine
(No. 236)

First PCR amplification and electrophoresis
The reaction mixture contained 1×buffer (10 mM

Tris-HCl, 50 mM KCl, 1.5 mM MgCl2, 0.001% gelatin),
50 ÒM each of dNTP, 10 pM each of primers A (5’-
TCCAGCCTCGGAGACAGAAT-3’) and B (5’-
AGTCCTTTCTCCAGAGCAGGT-3’), 1 U rTaq poly-
merase (Takara, Shiga, Japan), and 80 ng of DNA as
the template, in a final volume of 50 Òl. The PCR reac-
tion involved an initial incubation at 94°C for 3 min, fol-
lowed by 94°C 1 min, 58°C 45 sec, and 72°C 1 min,
repeated for 30 cycles8. The primer sequences were
those reported by Polymeropoulos et al.4. The PCR
products were electrophoresed on 10% polyacry-
lamide gel (acrylamide:bis-acrylamide; 29:1, gel size;
20 cm×4 cm×0.3 mm) at 1500 V for 2 hrs. Bands
were developed by silver staining, and hGH fragment
lengths were assigned by comparison with a pBR322/
MspI digested DNA marker. 

Analysis of heterozygous hGH micro-variants by
PCR-SSCP

Single bands detected by electrophoresis after the
first PCR amplification were submitted to single-
strand conformation polymorphism (PCR-SSCP)9-10

analysis in an attempt to detect heterozygous micro-
variants or sequence alleles. The conditions of gel elec-
trophoresis used in PCR-SSCP were 10% polyacry-
lamide gel (acrylamide: bis-acrylamide; 99:1 containing
10% glycerin, gel size; 20 cm×4 cm×0.3 mm) in 0.5×
TBE buffer (50 mM Tris, 42 mM boric acid, 0.5 mM-
EDTA・2Na) at 450 V for 20 hrs at 4°C. 

Second PCR and sequencing.
All bands detected by electrophoresis after the first

PCR and PCR-SSCP were cut out from the gel. Each
band was washed with TE buffer (10 mM Tris-HCl, 1
mM EDTA) and incubated in TE buffer at 55°C
overnight to elute DNA fragments into the buffer. The

eluate was extracted with phenol/chloroform to obtain
the DNA fragments. The extracted DNA was amplified
by hGH-specific primers as used in the first PCR. The
second PCR products were purified by filtration with
Ultra Free C3 (Millipore, Billerica, USA.). A portion of
the products was submitted to both forward and
reverse cycle-sequence reactions, using an Auto
Cycle TM Sequencing Kit (Amersham Biosciences,
Piscataway, USA) and the same primers as those
used in the PCR. The sequence reaction products were
analyzed by an A.L.F. DNA Sequencer (Amersham
Biosciences, Piscataway, USA), and the hGH fragment
length was finally confirmed from the sequence data. 

Results

First amplification and electrophoresis
All samples were amplified clearly. Among 56

healthy, unrelated Japanese, 48 samples were detect-
ed as heterozygotes (multiple bands) and 8 samples as
single bands (Figure 1). 

Analysis of heterozygous hGH micro-variants by
PCR-SSCP

The 8 single bands (from 8 samples) obtained from
fragment length typing were subjected to PCR-SSCP
analysis. Six samples showed double bands on elec-
trophoresis reflecting a single-strand conformational dif-
ference between alleles with the same fragment
length but heterozygous sequences (Figure 2). 
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Fig. 1. Result of electrophoresis after the first PCR 
M: Original ladder markers(285bp, 282bp, 280bp, 278bp, 276bp,
270bp, 265bp, 256bp, 248bp, 240bp)

M M M
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Fig. 2. Separation of heterozygous sequence allele by SSCP   A: Not separable sample (homozygous sequence allele?)   B: Separable sam-
ple(heterozygous sequence allele)
*Sequence and fragment size were found by sequence analysis Marker: pBR322/MspI digest.

Table 1-1. Data of 25 length alleles and 57 sequence alleles found in Japanese subjects, showing different numbers of repeats in each unit



Second amplification and sequencing
A total of 112 bands were obtained from the gels of

the first PCR and PCR-SSCP. Among them, 108
bands were successfully sequenced for allele geno-
typing. The two samples that showed no band shift by
PCR-SSCP could not be sequenced.

From the 56 healthy, unrelated Japanese, 25 length
alleles were identified. Fragment lengths of the alleles
were distributed in the range of 237 to 289 bp.
Sequencing of these length alleles identified 57
sequence alleles (Table 1-1, -2 and -3), showing that
some length alleles contain micro-variants with different
sequences although they are categorized to be the
same allele by fragment length. All the sequenced alle-
les contained a repetitive sequence based on
(AAAG)3ACAA(AG)3 [(AAAG)x (AG)y (AAAG)z]AAGG
(AAAG)3 (Table 1). Therefore, the hGH alleles could be
designated by the fragment length (base pairs) and by
the number of repeats in the polymorphic unit [x-y-z for

the repeat region (AAAG)x (AG)y (AAAG)z].

Discussion

In this study, a total of 57 hGH sequence alleles were
identified from 56 healthy, unrelated Japanese.
Furthermore, we demonstrated that the heterozygosity
of hGH was as high as 96.4%. The high degree of het-
erozygosity implies that this highly polymorphic locus
may be subject to frequent rearrangement during
meiosis11-13. Furthermore, in the process of human evo-
lution, the newly generated variants are maintained by
the equilibrium selection in the population through
time14-17.

Short tandem repeats (STRs) are scattered in the
introns, intergenic regions and coding regions. The
mechanisms for generating different numbers of tan-
dem repeats are generally assumed to be through
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Table 1-2. Data of 25 length alleles and 57 sequence alleles found in Japanese subjects, showing different numbers of repeats in each unit



unequal crossing over and replication slippage,13 but
their role in genetic system is largely unknown. 

In forensic area, the STRs are especially important
for identification of individuals in paternity test and crim-
inal investigation. Because of the smaller fragment size
of STR alleles compared to variable number of tandem
repeat (VNTR)20, they are well suited to the amplifica-
tion of DNA extracted from degraded specimens18-19.
The hGH allele structure that we identified in our sam-
ple of unrelated Japanese subjects is basically repre-
sented by (AAAG)3ACAA(AG)3 [(AAAG) x (AG)y
(AAAG)z]AAGG(AAAG)3 , which is the same as that of
Caucasians reported previously3-4. The results of this
study suggest that the hGH system may well be useful
in the practice of forensic medicine in Japan. 

We also demonstrated a large number of microvari-
ants in hGH alleles. This signifies that alleles of the
same size may in fact contain multiple sequence alle-

les. This accounts for the higher degree of polymor-
phism in the hGH system than in the common simple
repeat DNA polymorphic systems20-21. On the other
hand, this characteristic also implies that elec-
trophoresis of PCR products (depending on fragment
length) alone is not adequate for typing, and that
sequence analysis is necessary. This poses a problem
particularly when alleles show a single band of the
same chain length. When we performed PCR-SSCP in
this study, band shifts were observed in 6 of the 8 sin-
gle band samples. However, considering the general
characteristics of PCR-SSCP, the 2 samples that
showed no band shift cannot immediately be conclud-
ed to be homozygotes containing alleles of identical
length and sequence. Therefore, we analyzed these
two cases by direct sequencing. However, homozy-
gosity was not confirmed, because sequence data
could not be obtained. One possibility is that these non-
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Table 1-3. Data of 25 length alleles and 57 sequence alleles found in Japanese subjects, showing different numbers of repeats in each unit



shift samples are new variants occurring in the hGH
system. 

A limitation of the techniques we used in this study is
that direct sequence may be inappropriate to analyze
some minority variant alleles. To solve this technical
issue, we need to analyze the non-shift samples by
cloning techniques. A second limitation is that direct
sequencing requires several days to complete. To fur-
ther develop this system for practical application, we
need to search for alternative techniques that are
rapid, reliable and adaptable for larger number of
samples; for example, modification of the procedure of
PCR-SSCP used in this study.

Before the hGH system can be used effectively in
paternity testing and other forensic purposes, allele fre-
quencies should be determined. Since individual hGH
alleles have low frequencies in Japanese, utilization of
this system would yield a markedly higher paternity
probability than by using a simple repeat DNA poly-
morphism. 
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