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Identification and Characterization of a Novel Large
Insertion/Deletion Polymorphism of 1464 Base Pair 

in the Human Thyroglobulin Gene

Christian M. Moya, Viviana Varela, Carina M. Rivolta, Fernando M. Mendive, and Héctor M. Targovnik

We identified a novel large insertion/deletion (Indel) polymorphism of 1464 bp localized in intron 18 of the
human thyroglobulin gene. Data from sequence showed a high A1T content (62%), two 17-bp long motif re-
peats, and three different types of 10-bp long palindromic sequences. The comparison between these 1464 bp
and sequences deposited in National Center for Biotechnology Information (NCBI)/GenBank database exhibit
a nonsignificant degree of homology with any previously described sequences. The long polymerase chain re-
action (PCR) method was used to amplify the genomic DNA region containing intron 17/exon 18/intron
18/exon 19/intron 19 by primers situated in the introns 17 and 19. The amplification generates two fragments
of 3.5 and 5.0 kb that correspond to the exclusion or inclusion of a 1464-bp segment, respectively. Both vari-
ants are thus widely represented in the human population; giving allele frequencies of 0.56 (insertion) and 0.44
(deletion). Finally, the polymorphism was confirmed by sequence analysis of the 5.0- and 3.5-kb amplified frag-
ments.
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Introduction

THYROGLOBULIN (Tg), a large dimeric glycoprotein, is the
thyroid hormone’s precursor and storage form of iodine

and inactive hormone (1). Recently, the complete structure
of human Tg gene has been determined (2–9). It is coded by
a single-copy gene, 270 kb long, that maps on chromosome
8q24 and contains 8.5 kb of coding sequence divided into 48
exons. The exons’ sizes range from 63 to 1101 nucleotides,
each of which is separated by introns varying in size up to
64 kb. The preprotein monomer is composed of a 19 amino
acid signal peptide followed by a 2749-residue polypeptide.
Eighty percent of the monomeric primary structure is char-
acterized by the presence of three types of repetitives units.
Five hormonogenic acceptor tyrosines have been identified
and localized at positions 5, 1291, 2554, 2568, and 2747. The
efficient coupling of the hormone precursors mono and di-
iodotyrosine to form triiodothyronine (T3) and thyroxine (T4)
depends on the integrity of the Tg structure. Several muta-
tions of the Tg gene have been reported and are associated
with congenital goiter and variable degrees of hypothy-
roidism (10–16) or endemic and nonendemic simple goiter
(17–19). Also, various single nucleotide polymorphisms
(SNP) have been defined recently in this gene (1). The avail-
ability of highly informative polymorphic markers will al-

low indirect disease diagnosis by genetic linkage studies in
those cases without an identifiable mutation or for rapid
identification of affected newborns or gene carriers in fami-
lies with Tg mutation.

In the present paper, we report the identification of a novel
large insertion/deletion (Indel) polymorphism of 1464 bp lo-
calized in intron 18 of the human Tg gene. We have also es-
tablished allele frequencies and structural characteristics.

Materials and Methods

Preparation of l phage DNA

Bacteriophage DNA was prepared with the Wizard l
preparations DNA purification system (Promega, Madison,
WI). After elution from the minicolumn, DNA was extracted
twice with phenol-chloroform, salt concentration was ad-
justed to 2 mol/L with amonium acetate and the DNA was
precipitated with ethanol.

DNA sequencing of recombinant phage

The sequences were determined by Taq polymerase-based
chain terminator method (fmol, Promega) from l phage
clone DNA. Oligonucleotide sequences are shown in Figure
1. The results were analyzed using the PC gene (Intellige-
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netics, Geneva, Switzerland), DNASTAR (DNASTAR Inc.,
University of California- San Francisco, San Francisco, CA)
and BLAST version 2.1 (www.ncbi.nlm.nih.gov/BLAST/in-
dex.compat.html) computer programs.

Genomic DNA isolation

After the project was approved by the institutional review
board and written informed consent had been obtained, pe-
ripheral blood samples were collected from 50 unrelated in-
dividuals without thyroid pathology. Genomic DNA was
isolated from white blood cells by the SDS-proteinase K
method.

Long PCR amplification and DNA sequencing

The long polymerase chain reaction (PCR) is suitable for
amplification of long DNA templates. This approach was
used to amplify the region containing intron 17/exon 18/in-
tron 18/exon 19/intron 19 by primers situated in introns 17
and 19.

The primers used were 59 gcagaggaaatcccaa 39 (forward
primer) and 59 ctcagagaggctgcatagctt 39 (reverse primer).

The long PCR were performed in 50 mL, using a standard
elongase buffer (Invitrogen, Life Technologies, Carlsbad,
CA), containing 150–200 ng of DNA, 1.5 mmol/L MgSO4,
200 mmol/L of each dNTP, 1 mL Elongase Enzyme Mix (In-

vitrogen, Life Technologies), and 10 pmol of each forward
and reverse primers.

Samples were heated to 94°C for 2 minutes, followed by
35 cycles of DNA denaturation (94°C for 30 seconds), an-
nealing (55°C for 30 seconds), and polymerization (68°C for
7 minutes). Amplification was carried out in a MJ Research
PTC 100 thermoblock (MJ Research, Watertown, MA). The
amplified fragments were analyzed in a 1% agarose gel. The
fragments for DNA sequencing were prepared with Concert
gel purification system (Invitrogen, Life Technologies). The
DNA sequencing was performed as those described above
with the e18-F primer (Fig. 1).

Statistical analysis

A standard x2 analysis of the observed and expected geno-
types was carried out in order to test for Hardy-Weinberg
equilibrium (20).

Electronic database information

The nucleotide sequence data reported in this paper have
been submitted to the GenBank database (www.ncbi.nlm.
nih.gov/) under the accession numbers AF105683 and
AY053519. Genomic sequence of the Tg gene: GenBank data-
base accession numbers AF230666, AF230667, AF235100,
AF305872 and NT_008150.
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FIG. 1. Sequence data of the exon 18, 39 end of intron 17 and the insertion/deletion polymorphic region of intron 18 of
the thyroglobulin gen, from l dash 62. The exonic sequences are indicated by capital letters and the intronic sequences by
lower-case letters. The amino acid sequences are represented by the one-letter code. The exon maps between positions 3848
and 4002 of the thyroglobulin (Tg) mRNA. Shaded area indicates the 1464-bp polymorphic insertion/deletion region. The
positions of the sequence primers are underlined. The two 17-bp long repeat motifs are double underlined, the three palin-
dromic sequences are indicated by darker areas and the three short (A)n repeat traits by dotted lines.

http://www.ncbi.nlm.nih.gov/BLAST/index.compat.html
http://www.ncbi.nlm.nih.gov/BLAST/index.compat.html
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Results

Analysis of the structural organization of the Tg gene has
revealed an excellent correlation between the restriction
physical map based on our l clones, previously character-

ized (3,6–9), and the electronic map (DNASTAR program)
from BAC sequences reported in GenBank except for the
EcoRI fragment that contains exons 17 and 18. l dash 62 (8)
shows a band of 4.2 kb, whereas BAC shows a band of 2.7
kb. The length difference could be the result of either a poly-
morphic restriction site or to an insertion. We have previ-
ously sequenced the exon 18 and the first 277 nt of the in-
tron 18 (8). Computer alignments demonstrated that 194 nt
located inside intron 18 are not present in the BAC.

We extended our initial molecular studies to show the
complete inclusion region by direct sequencing of l dash
62 with several intronic primers. Sequence analysis
showed an additional 1464-bp region located 83 bp down-
stream from exon 18 (Fig. 1). This segment is missing in
the BAC and exhibits a high A1T content (62%) and a com-
plicated sequence organization (Fig. 1). A 17-bp long mo-
tif (AAGAATTTTGGAGAACA) is found repeated twice
throughout the sequence, located 791 and 849 bp down-
stream from exon 18. Three different types of 10-bp long
palindromic sequences, ATTAGCTAAT, TTTTATAAAA
and CAAATATTTG, were also found at positions 288, 870,
and 1214, respectively. In addition, three short (A)n repeat
traits along the sequence were identified. Comparison of
the 1464-bp region with sequences deposited in the Gen-
Bank database, using Blast network service, failed to re-
veal significant levels of homology to any previously de-
scribed sequences.

In order to study the possible polymorphism of these se-
quences we amplified them by long PCR using intronic
primers. The genotyping was carried out in a population
sample of unrelated Caucasian individuals (100 chromo-
somes). The amplification procedure generates two frag-
ments of 3.5 and 5.0 kb that correspond to the exclusion or
inclusion of the 1464-bp segment, respectively (Fig. 2a). The
allele and genotype frequencies are summarized in Table 1.
From the 50 samples analyzed, 18 were homozygous for the
allele with the insertion, 12 were homozygous for the allele
with the deletion, and 20 were heterozygous, giving allele
frequencies of 0.56 (insertion) and 0.44 (deletion). The x2

analysis of observed and expected genotypes showed a non-
significant p value, indicating that the sampled population
does not deviate from Hardy-Weinberg equilibrium.
Mendelian transmission of the alleles was verified in two
families. The polymorphism was confirmed by sequence
analysis of the 5.0- and 3.5-kb amplified fragments from ho-
mozygous samples (Fig. 2b).
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TABLE 1. TEST OF HARDY-WEINBERG EQUILIBRIUM OF GENOTYPE FREQUENCIES OF THE 1464 BASE PAIR-INDEL POLYMORPHISM

Observed Expected

Number of Genotype Number of Genotype
Genotypes subjects frequency subjects frequency

I/I 18 0.36 15.7 0.314
I/D 20 0.40 24.6 0.492
D/D 12 0.24 9.7 0.194

x2 1.742 p . 0.10 (not significant) df 5 1 n 5 50
Allele frequencies: I: 0.56 D: 0.44.

The expected genotype frequencies were calculated from the allele frequencies.
I, insertion; D, deletion.

FIG. 2. A: Examples of the 1464-bp insertion/deletion poly-
morphic genotypes. Molecular weights are indicated in kilo-
bases (kb). B: Partial nucleotide sequence of the 1464-bp in-
sertion/deletion polymorphic region of the thyroglobulin
gene, from two homozygous unrelated individuals. Sequence
reactions were made with the e18-F primer. The arrows denote
the position of insertion/deletion site. I, insertion; D, deletion.

A

B



Discussion

The Tg gene is a good example of a classic exon duplica-
tion (5) and presents structural characteristics that make it
an interesting model to test theories about the potential role
of introns. Introns are heterogeneous entities with different
functional capacities and notable structural differences. In
this context, we present here a detailed examination of a
novel large Indel polymorphism of 1464 bp localized in in-
tron 18 of the human Tg gene. This sequence contains high
A1T content, two 17-bp long motif repeats, three different
types of 10-bp long palindromic sequences as well as three
short (A)n repeat traits (Fig. 1). The allele frequency showed
a relatively high value of both alleles (Table 1).

The diallelic polymorphism of the DNA may be the result
of a single nucleotide substitution, or the insertion and dele-
tion of short stretches of sequences. However, in the Indel
polymorphism it is impossible to distinguish if the variation
is caused by an insertion in one sequence or a deletion in an-
other. Large Indel polymorphisms have been rarely described
(21). Genetic evidence indicates that the small additions and
deletions can occur spontaneously during replication. Dele-
tion and insertion also result from recombination events or ac-
tivities of the transposable elements. Some members of the in-
terspersed repetitive families in the human genome have been
considered transposable elements such as Alu repeats (22),
LINE1 family (23), and HERV sequences (24), which appear
to have been created by retrotransposition (25). These ele-
ments can be transcribed into RNA and reverse-transcribed
into cDNA, and subsequently, the cDNA can be reinserted
into the genome at a new location A. GenBank database search
found that the 1464-bp Indel polymorphism does not corre-
spond to any known interspersed repetitive human sequence.
More specifically, a detailed comparison between this 1464-
bp sequence and full-length Alu, LINE1, and HERV sequences
exhibits an nonsignificant degree of homology. Therefore,
these results confirm that the new Indel polimorphism is not
a transposable element. However, it is not possible to rule out
that some ancient transposable element, not identified in the
intron 18, might have been involved in the development of
this polymorphism.

In conclusion, we report the identification of a novel mem-
ber of the Indel polymorphism family. This new polymorphism
would prove a convenient genetic marker to explore the 8q24
region of the human genome. Further studies in the field of mo-
lecular evolution and population genetics are necessary for elu-
cidating the origin and mutational processes of this sequence.
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