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[Abstract] A simple and rapid FoLT(formamide low temperature)-PCR, whereby human
genomic DNA from blood can be amplified without DNA preparative stps, is described using
human insulin genes. By applicatin of FoLT-PCR in human insulin genes, intragenic
polymorphism in non-coding regions of the human insulin gene was shown after amplification
‘and analysis by restriction enzyme digestion. Ali nucleotide sequences were the same as the
reported, and four necleotides, at 4 different positions were polymorphic, and polymorphic alleles a
4, a5, a6, and 82 were identified. The new alleles were originated from homologous recombination
between the al and 81 alleles, and the alleles were founded in heterozygotes only. Althouugh
allele al was dominant, the new alleles and B1 were recessive. From this results, it was
suggested that the new method of FoLT-PCR was highly applicable in genetic variation analysis.
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I. INTRODUCTION directly withou any preparative steps. It

involves the use of formamide as well as

Polyemrase chain reaction (PCR) is an in reduced  incubation mmwe We ha\:'e

vitro method for gene amplification. In expanded the human insulin gene analysis

general, the DNA or target purification using tl?e FoLT-PCR  to el‘uadatef .the

step(s) is necessary before the PCR can be relationships between the genetic vanations
applied. FoLT (formamide low temperature) and diabetic disorders.

-PCR is a protocol for amplifying DNA An intragenic recombination event was first
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demonstrated in rosy cistron 1 of Drosophila
melanogaster.” This recombination event has
been extensively studied in an ettempt to
explain alislic divergence of genes in mice
and humans 3% Intragenic  polymorphism
has the advantage of offering an assemblage
of a large number of genetic markers in
humans. These markers can be used to trace
human gene divergence and they also allow
analysis of the segregation of some disease
genes with polymorphic markers near, or
within, potentially defective genes.

As a model of intragenic recombination, the
human insulin gene has long been studied to
elucidate the etioiogy of diabetes.® The gene,
which is located on chromosome 1lp, consists
of three exons and two introns,- and its
primary structure and regulation have been
studied. "2, Specific nucleotide substitutions
in the coding region of human insulin gene
were found ™™ and nucleotide variations
~were identified 'at two positions in
intervening sequences and at two positions in
the 3’ untranslated region of human insulin
gene. These variations revealed two nucleotide
arrangements which were designated as
alleles @l (A-216-C-105-C-1357-C-1zn A-C-C-C)
and 81 (T.26-G-105-Tpe-A-1mr T-G-T-A).
However, there is nc an adequate
understanding on the polymorphic alleles of
human insulin gene.

In this study, human insulin gens were
analysed for genetic variation using the
FoLT-PCR. New divergence of alleles,
which provides evidence for an intragenic
recombination events between alleles al and
B1 of human insulin gene, was identified.
This result is evidence for allelic divergence
in human insulin gene, which may be the
result of intragenic recombination.

. MATERIALS AND
METHODS

1. DNA sources.

1) Blood

Two hundred zl whole blood was washed
with 1 ml of 126 Triton X-100 solution by
centrifugation and then pellet was resuspended
in 200 pl of the same solution. Genomic
DNA from unrelated Korean subjects,
including IDDM and NIDDM patients, was
purified from peripheral white blood cells.
Genomic DNA from NIDDM-affected family
was purified as described.'®

2) Chemicals and solutions

Triton X-100 {Bio-Rad, USA), formamide
(Sigma, USA), strile water, Tag DNA
polymerase (Promega, USA; Pharmacia Inc.,
USA: Takara, Japan), allele ladder solution
{Promega), mineral oil were supplied by
manufacturers. | :

2. Standard PCR amplification and DNA
seguencing.

Three different sets of forward and reverse
primers were used to give three amplified
DNA fragments, as follows:

PI: sense ,
:5'~agcgeaaagageecegeoctgeagecteca—3';
antisense
‘>'~aggtagagagcutocaccaggtgtgageca=3'
P2 sense

antisense :

5'-gaggctggegacaggggtetggeccactca3’
P3: sense
5 -gitttgttaagtaaagtectgggteacctgzegld’
antisense
‘5’ -ccagagagegtggagagetgggageggec-3’
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The primers were synthesized using an
Applied Biosystems DNA Synthesizer, model
381A (Takara, CO., LTD, Tokyo, Japan).
PCR was performed on a Perkin Elmer Cetus
instrument by standard conditions, which
consisted of 30 cycles of denaturation at 94C
for 1 minute, annealing at 55°C for 1 minute,
and extension at 72C for 1.5 minutes. Initial
denaturation before PCR cycles proceded at
94C for 5 minutes, then Tag DNA
polymerase (Pharmacia Inc) was added and
the products were analyzed by agarose gel
electrophoresis.

All amplified DNA fragments were
recovered using 1 % SeaPlaque agarose gel
(FMC BioProducts) according to the general
procedures.”” Recovered DNA fragments were
used divectly as sequencing templates using
Promega’s fmol DNA Sequencing System.
Sequencing primers, as nested primer$ for
each fragment, were end-labelled with [
-®PJJATP. The thermocycling conditions for
the sequencing reaction were modified as
follows: After an initial denaturation step at
94C for 3 minutes, 30 cycles of denaturation,
annealing, and extension were performed at
94°C for 30 seconds, 66°C for 20 seconds, and
72C for 1 minute. The reaction solutions
were heated at 90C for 3 minutes, then
loaded on 6 % polyacrylamide sequencing gel.
Once polymorphism was found from a
fragment of a subject, the PCR fragment was
sequentially cloned into the Smal site of
plasmid pUCI9. Each recombinant plasmid
DNA was sequenced using Pharmacia’s T7
Sequencing Kit with [a-*SJdATP.

3. Restriction fragment length

polyporphism (RFLP) analysis. _

All amplified DNAs of PCR 1 and 3
fragments were analyzed using appropriate

restriction endonucleases in order to identify
the presence of their sites in polymorphic
positions® Approximately 100 ng of each
fragment was digested. Hphl was used for
PCR 1 fragments, and Dralll or Pstl was
used for PCR 3 fragments. Reaction mixtures
were analysed on 25 % NuSieve agarose
gel #2

. RESULTS AND
DISCUSSION

It is presently unknown whether a specific
insulin gene allele may be comrelated with
diabetic pathology. It has been postulated that
the 3’ untranslated region may be important
for mRNA stability.'e’ Nucleotide sequences of
the 1.9 kb DNA fragments, including the 5
to 3' flanking regions of insulin genes, were
determined by direct sequencing of the
amplified DNAs, A common sequence of insulin
genes was determined, and all sequences of
the coding regions agreed with published
data!”. However, nucleotides at the non-coding
positions -85, -833, +1445, +1455, and +1469
were, in part, different from reported insulin
genes sequences.'® This may reflect genetic
characteristics between ethnic groups (Table 1).

Two nucleotides, at +216 and +1045 in the
intervening sequence, and two nucleotides at
+1367 and +1380 in the 3’ untranslated
region, were polymorphic. The arrangement
of the dominant nucleotide residue at these
four positions was A-C-C-C (allele al). The
recessive nucleotide arrangerment in polymorphs
was T-G-T-A (allele 81). Different nucleotide
frequencies at the four positions suggest the
presence of allele types other than alleles al
and Bl. Sequencing analysis produced primary
structural information and identified variant

- 143 -



—DONGGUK J. THE INSTITUTE OF ORIENTAL MEDICINE 7(2) : 141~148, 1999 —

Table 1. Comparision of non-coding nucleotide in human insulin genes.

Nucleotide position”

Source N™ -85 +883 +1445 +1455 +1469
Present study 12 AGG GG CTG T C
Kim et al. 48 AGG GG CTG T C
Utlrich et al. 2 AGG GG CTG 4 nd
Bell et al. 2 G G TC 4 4
Raben et al. 10 nd nd CTG T C

* Number on nucleotide starts from the first nucleotide of transcript of INS.
" "N” indicates the number of haplotype examined.
nd, notdetermined; 4, deleted as compared to the present result.

nuclectides in polymorphic positions as being
either homozygous or heterozygous. The
sequencing of the heterozygous -sequence
determined the single allelic seguence. New
arrangements were identified as A-C-C-A,
A-G-C-C, and A-C-T-C at the gametic
level. In addition, four heterozygous subjects
exhibited A/T and C/A at +216 and +1380,
respectively, while the other two positions
were C/C. This indicates that the 4 subjects
were heterozygous for al and T-C-C-A,
or for A-C-C-A and T-C-C-C.

To identify new alleles by a simple RFLP
analysis, amplified DNA was used. PCR 1
fragments were digested with HpHl restriction
endonuclease to determine the presence of the
"T" nucleotide (+216) in the HpH site.
Likewise, either Dralll or Pstl restriction
endonuclease was used to confirm the presence
of nucleotides "G" (+1045) or T (+1367) in
PCR 3 fragments (Fig. 1). RFLP analysis,
showing the presence of the restriction sites at
nucleotide positions +216, +1045, and +1367,
identified the new alleles (Fig. 2).

An NIDDM affected family having parental
genotypes al/al and al/81 was also
examined. No linkage was observed between

NIDDM family members and an allele in the
family. Three offspring were matemal type
and one offspring was paternal type. However,
one offspring was neither paternal nor maternal
type. He was heterozygous possessing alleles
A-C-C-C (al) and T-C-C-C (Fig. 3). The
occurence of allele T-C-C-C may originate
from an intragenic recombination event between
matemal alleles al and 81, and not from a
substitution of nucleotide T for A in allele al.
New variant alleles in insuline gene can be

" classified into two categories, based on the

extent of allelic recombination. When
intragenic recombination occurs between the
X (4216 to +1045), Y (+1045 to +1367), and Z
(+1367 to +1380) regions in alleles al and 61
(Fig. 4), it initially produces new types of
allelic vanants which are primary recombinants.
Variant alleles at positions +1367 and/or
+1380 can lead to less mRNA being
translated and, hence, to hypoinsulinaemia
causing NIDDM. With regard to the
relationship between diabetes and allelic
variation, the susceptibility of a person
possessing a specific allele of insulin genes
remains to be studied.

Molecular variation in non-coding regions
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of eukaryotic genes has so far not been
emphasized, especially for elucidation of the
relationship between genetic disorders and
mutations. Therefore, these . results provide
some insight into molecular variation causing
genetic disorders.
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Legends to Figures
Fig. 1. RFLP analysis of human insulin gene with PCR products by restriction endonucleases
Hphl (+216), Dralll (+1045), and Pstl (+1367).

25 % NuSieve agarose gels (FMC BioProducts) were stained in ethidium bromide and were
transilluminated with ultraviolet light. In photographs, lane M is 1 kb ladders (BRL Inc., USA).
First Lanes in gel pictures are the amplified DNA fragments of PCR 1 (for +216) or PCR 3 (for
+1045 and +1367). Each second lane is homozygous DNA fragments of allele al, and each third
lane is one of the heterozygous alleles al/8l. Lane 4 is a control of amplified DNA fragments of
INS allele 81 obtained from a recombinant plasmid. The bands corresponding to 51, 35, and 27 bp
fragments appear faint in photographs.

Fig. 2. Schematic cleavage positions of restriction endonucleases HpRl (+216), Dralll (+1045), and
Pstl (+1367).
Arrows indicate the presence of Hphl, Dralll, and Pstl restiction endonuclease sites.
Fig. 3. Pedigree of a NIDDM affected family.

Solid squares and circles designate subjects affected. Parental genotypes are al/al and al/Bl.
Among offspring examined, three offsprings are al/81 and one is al/al. Another offspring
possesses INS alleles al/82 (indicated by arrow).

Fig. 4. Possible recombinant haplotypes.
Arrows indicate the alleles observed in the present analysis.
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Aderin] ] EA 2k (NIDDMoll4 734 wio]e}
AR e A

285", olef R Mx|A, g, ART, AE7°, e s’ AL, 2848
e Zgstn el skt aAl, ‘Halutnd, Waetnd, Adetnl, Welttai,
‘wrA|stm A, Telboiat eFe A, fausTAE TEAT A QA Al E A

FoLT-PCR 71&& AA xR lsta 888 #i5td BB ATo Agstdth

gae A1y 2 Aoz yded A1de dndvd & (NIDDM)S2 S ate] 2k60%0]
Ae AA B, A2Ye AHFVLSADDMIC 2 T Bxte] 30%0ITE FAPch o5 dFE
FHAoz FAFAM AfABY FHA] EQWold o e Aoz Z¥A U ol
B A7gME 2o #AL fAAuwolgl Aoty AN nEEr] Hsi FYLUG
NIDDM$ael [DDMEAE iAoz Afdfdde FEEo] AFALPD G437 7B S
At BdERAE 4 9] +216, +1045, +1367, R +138014 HEAAE B ARE a4, o5,
a6 @ #20] alz} B17} o1& (heterozygous)ol Mt AEHY al2 Aoy ARBEF 81L& EH°lU
t} ol|g FEiHie fANHos AAHn e VAE 7He AL AABIA

ZAIE: SAHF 984, A4 3R, 454 AXY, AwdH 28 I
o} 0] : IDDM., insulin dependent diabetic mellitus; NIDDM, non-insulin dependent diabetic

mellitus; RFLP, restriction fragment length polyporphism: VNTR, variable number
random repeat.
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