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Short communication

Direct sequencing of PCR products for mutation detection

in osteogenesis imperfecta

Anna GALICKA, Andrzej GINDZIEÑSKI

Department of Medical Chemistry, Medical Academy, Bia³ystok, Poland

Abstract. This work present a short and simple method for mutation detection in type I
collagen genes, based on the direct sequencing of single-stranded DNA. The sequenc-
ing of type I collagen genes is complicated and difficult because of their large size
and highly repetitive and GC-rich coding regions. Although many techniques have
been developed for mutation screening in osteogenesis imperfecta (OI), they represent
different degrees of sensitivity and are difficult to reproduce and too expensive for ap-
plication in each laboratory. The method described here is short, easy and especially
useful for sequencing of collagen genes in OI cases, in which the region with a sus-
pected structural defect is localized by collagen analysis.
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Osteogenesis imperfecta (OI) is a dominant disorder of connective tissue in which
bone fragility is the clinical hallmark. The full clinical spectrum of OI is caused
by defects in the structure or synthesis of type I collagen, which is a heterotrimer
composed of two �1(I) and one �2(I) chains. Detection of mutations in type I col-
lagen genes is complicated and difficult for several reasons. The collagen genes
are very large, making it difficult to localize the structural defect. The COL1A1

gene encoding the �1(I) chain contains about 18 kb, while COL1A2 encoding
�2(I) is about 40 kb in size. The coding sequences of mRNA are about 5 kb each
for the two chains. The triple-helical domains of the �1(I) and �2(I) chains are
highly repetitive and composed of repeating units of Gly-X-Y, where Gly is
glycine, X is often proline and Y is often hydroxyproline, so every nine base pair
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unit represents a high degree of homology. Furthermore, the sequences are
GC-rich and extremely repetitive, so many primers do not generate distinct se-
quencing ladders. Most investigators developed two-step experimental strategies
for mutation detection in OI. First, the mutation region is localized by protein
studies and mutation-screening techniques: RNase probe protection with mRNA
(GRANGE et al. 1990), chemical modification (COTTON et al. 1988) conforma-
tion-sensitive gel electrophoresis (GANGULY et al. 1993) or single-strand confor-
mation polymorphism (HONGYO et al. 1993). If this region is localized,
the mutation is then identified by cDNA subloning and its sequencing. However,
all these techniques are time-consuming, expensive and have varying degrees
of sensitivity in identification of mutation site. Because sequencing is the indis-
pensable and ultimate step of all mutation identification strategies, we employed
direct sequencing of PCR products, without using any mutation-screening tech-
niques. Moreover, to avoid sub-cloning of PCR products, we amplified sin-
gle-strand DNA prior to the sequencing reaction.

We present here the application of this strategy for identification of mutations
in two cases of osteogenesis imperfecta. The location of a mutation was deduced
from electrophoretic analysis of type I collagen and cyanogen bromide peptides
(BONADIO et al. 1985). The OI collagen chains, in comparison to the control,
showed delayed electrophoretic mobility due to their overmodification from
the mutation site to their amino-terminal end. The cleavage of collagen chains
with CNBr and their electrophoretic analysis localized the structural defect in
the collagen triple helices to two specific, cyanogen bromide peptides. These pep-
tides corresponded to two different fragments of the �1 collagen chain (COL1A1

gene). The relevant coding regions of cDNA were amplified and sequenced.
First-strand cDNA was prepared by incubating 1 �g of total fibroblast RNA at

42oC for 15 min with 2.5 �M of a reverse primer, 1 unit of RNase inhibitor, 2.5
units of Murine Leukemia Virus (MuLV) reverse transcriptase (Perkin-Elmer
Cetus, CA), 1 mM dNTPs, 10 mM Tris-HCl (pH 8.3), 50 mM KCl, and 5 mM
MgCl2 in a final volume of 20 �l. The reaction was stopped by heating to 99oC
for 5 min. The PCR was performed by incubating 20 �l of first strand cDNA prep-
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Table 1. Primers used in amplification and sequencing of COL1A1 gene

Primer
namea

Nucleotide loca-
tionb Primer sequence

As

Bas

Cs

Das

Es

Fs

1593-1622
2241-2270
1434-1463
1836-1865
1941-1970
1629-1658

5’AGCCGTGGTTTCCCTGGCGCAGATGGTGTT3’
5’AGCTCCAGGGGCACCAGCATCACCCTTAGC3’
5’CCTGGCAGCAAAGGAGACACTGGTGCTAAG3’
5’GAATCCCATCACACCAGCCTGACCACGGGC3’
5’GGTCCTGCTGGCAAAGATGGAGAGGCTGGA3’
5’CCCAAGGGTCCCGCTGGTGAACGTGGTTCT3’

aSense primers: As, Cs, Es, Fs; antisense primers: Bas, Das
bNucleotide positions are numbered with 1 as the first base of the methionine initiation codon of cDNA
for COL1A1 with accession number Z74615



aration with 2.5 units of AmpliTaq DNA polymerase (Perkin-Elmer Cetus, CA),
10 mM Tris-HCl (pH 8.3), 50 mM KCl, 2 mM MgCl2, 200 �M dNTPs and 0.5 �M
each of sense and antisense primer in a volume of 100 �l. Amplification was per-
formed in a Perkin-Elmer Cetus DNA Thermal Cycler, with a 3-min incubation at
94oC, followed by 35 cycles of 94oC for 30 s, 68oC for 30 s and 72oC for 45 s.
The final PCR cycle was followed by incubation at 72oC for 7 min.
For the nonlethal OI case, the forward primer As and the reverse primer Bas

(Table 1) were used to generate the product of 678 bp. In another set the forward
primer Cs and the reverse primer Das (Table 1) were used to generate the product of
432 bp for the lethal case. These PCR products were purified on 1% agarose elec-
trophoretic gel in GenEluteTM agarose spin columns (Sigma) and identified on 5%
polyacrylamide gel (Figure 1, lanes 2 and 4). A sample of 5 �l of purified DNA
was reamplified in the asymmetric PCR with 0.5 �M antisense primer, 1.5 units
of REDTAQTM DNA polymerase (Sigma), 10 mM Tris-HCl (pH 8.3), 50 mM
KCl, 1.5 mM MgCl2, 0.001% gelatin, and 200 �M dNTPs in a final volume
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Figure 1. A. 5% polyacrylamide gel showing the purified double- and single-stranded PCR
products of 678 bp (lanes 2 and 3, respectively); double- and single-stranded PCR products
of 432 bp (lanes 4 and 5, respectively); DpnI digest of pUC18 DNA as a molecular size marker
(lane 1). B. Autoradiograms of sequencing 8% polyacrylamide gels showing the heterozygous

mutations Gly�Ser in the nonlethal and Gly�Arg in the lethal case.



of 25 �l. After initial denaturation (95oC for 5 min) 35 cycles of the asymmetric
reamplification were performed under the same conditions as for the symmetric
PCR. The single-stranded PCR products, obtained with antisense primers Bas

and Das for nonlethal and lethal cases respectively, were identified on 5%
polyacrylamide gel in a form of slower migrating bands, in comparison to dou-
ble-stranded DNA of the same sizes (Figure 1, lane 3 and 5). A sample of 7 �l
of the asymmetric PCR product was submitted to enzymatic purification, in order
to degrade the excess of primers and nucleotides (WERLE et al. 1994). The product
was directly sequenced using the T7 Sequenase dideoxy chain-termination
method (SANGER et al. 1977). Briefly, the annealing mixture of purified template
DNA with 10 pmol of sequencing primer was heated to 100oC for 2 minutes and
directly cooled on ice for 5 min. For the sequencing procedure the forward internal
primers: Es for a fragment of 678 bp, and Fs for a fragment of 432 bp (Table 1)
were used. The labeling mixture containing annealed DNA, 3.25 units of T7
Sequenase v2.0 DNA polymerase (Amersham), 5 �Ci of [35S]dATP
(>1000 Ci/mmol), 0.17 �M of each dNTP, 40 mM Tris-HCl (pH 7.5), 20 mM
MgCl2, and 50 mM NaCl, was incubated at room temperature for 5 min and trans-
ferred into four termination mixes containing 80 �M of each dNTP and 8 �M of
the respective ddNTP. After 10 min incubation at 45oC the reactions were termi-
nated by adding 4 �l of solution composed of 95% formamide, 20 mM EDTA,
0.05% bromophenol blue, 0.05% xylene cyanol FF. The samples were heated at
75oC for 2 min, quickly cooled and 4 �l of each reaction was loaded on 8%
polyacrylamide gel (19:1 acrylamide to bis-acrylamide) with 7 M urea. Electro-
phoresis was carried out in TBE buffer composed of 89 mM Tris, 89 mM boric
acid and 2 mM EDTA. Gel was dried on a glass plate at 60oC for 1.5 h and exposed
to Kodak film at – 70oC. Two bands of equal intensity comigrated in the G and A
reaction lanes (Figure 1B), demonstrating heterozygous mutations in �1 chains:
glycine was substituted at position 511 with serine in the nonlethal, and at position
388 with arginine in the lethal OI case.

We have obtained a high intensity of signals and relatively low background
with the asymmetric PCR products, whereas the sequence of double-stranded
DNA was not readable. Some compressions due to GC-rich template were elimi-
nated by substitution of dGTP with a nucleotide analog 7-deaza-dGTP which
forms a weaker secondary structure. Our results of immediate sequencing of PCR
products are comparable to those gained by subcloning of PCR products and their
sequencing. However, in the case of sequencing of subclones, a great advantage is
an identification of both alleles: proper and mutated, and this is performed while
searching for the gene polymorphisms. If the allele identification is not possible, it
is necessary to sequence a great number of the subclones, to confirm the presence
of both alleles. The method described here is sufficient to obtain enough of tem-
plate for non-cycle sequencing and is especially useful for sequencing of collagen
genes in OI cases, where the region with a suspected structural defect is localized
by collagen analysis.
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