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Genotyping and Characterization of Two Polymorphic
Microsatellite Markers Located Within Introns 29 and 30 

of the Human Thyroglobulin Gene

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

The purpose of the present work was to characterize two new polymorphic microsatellite markers in the thy-
roglobulin gene. TGrI29 and TGrI30 repeats are located within introns 29 and 30, respectively. Genetic studies
were carried out by using polymerase chain reaction (PCR) followed by denaturing polyacrilamide gel elec-
trophoresis. TGrI29 exhibited clearly 4 distinguishable alleles ranging from 197 to 203 base pair (bp) in length
and TGrI30 showed 8 alleles ranging from 502 to 542 bp. We characterized the two markers by determinating
allele frequencies and measures of variation. The heterozygosities (HET) observed of TGrI29 and TGrI30 were
0.859 and 0.522, respectively. The polymorphism information contents (PIC) were 0.471 and 0.434, respectively.
No significant differences from Hardy-Weinberg values were found for these two systems. The PCR products
of each allele were cloned using the pGEM-T Easy vector and directly sequenced by Taq polymerase-based
chain terminator method. Sequencing analysis indicated that both loci are complex repeats, TGrI29 containing
two types of variable motifs (tc)n and (tg)n, and TGrI30 a tetra-nucleotide tandem units (atcc)n. In two TGrI29
alleles and one TGrI30 allele were found two different subtypes in each one, with the same molecular weights
but different distribution of the tandem repeats. In conclusion, both microsatellites analyzed are highly infor-
mative polymorphic markers and can be used in linkage studies in families with congenital hypothyroidism
or autoimmunity thyroid diseases.
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Introduction

THYROGLOBULIN (Tg) IS A LARGE homodimer glycoprotein
synthesized and secreted by the thyroid cells into the lu-

men of the thyroid follicle (1–3). Tg serves as the matrix for
thyroid hormones synthesis, triiodothyronine, and thyrox-
ine (2). The human Tg, mapped on chromosome 8q24, is
coded by a single-copy gene 270 kb long and contains 8.5 kb
of coding sequence divided into 48 exons (3–7). Several mu-
tations in the Tg gene have been reported (8–14) and are as-
sociated with congenital goiter and variable degrees of hy-
pothyroidism. The inheritance mode of this monogenic
disease is autosomal recessive. The availability of highly in-
formative polymorphic markers will allow indirect disease
diagnosis by genetic linkage studies, such as in cases with
no identified mutations and for rapid identification of af-
fected newborns or gene carriers in families with Tg muta-
tions. The term DNA polymorphism refers to a wide range
of variations in nucleotide base composition (15), single nu-

cleotide polymorphism (SNP), insertion and deletion se-
quences (Indel), or length of nucleotide repeats. This latter
group includes two categories of multiallelic tandemly re-
peated DNA sequences (16,17). Loci with repeated motifs of
a few base pairs are often referred to as short tandem repeats
(STR) or microsatellites (16), while those with longer re-
peated motifs are referred to as variable number of tandem
repeats (VNTR) or minisatellites (17). STRs proved to be the
most suitable markers in linkage analysis between a disease
locus and a genetic marker because of their diversity levels,
high degree of resolution, relatively low mutation rates, be-
ing highly informative, and rapid typing. Recently the Tg
gene has been identified as a major susceptibility gene for
familial autoimmune thyroid diseases (AITD), by linkage
analysis using a Tg microsatellite inside intron 27 (18).
We previously identified two compound microsatellite re-

peats located within introns 29 and 30 of the Tg gene (7). We
present here the genotyping and characterization by cloning
and sequencing of these two new polymorphic Tg mi-

Laboratorio de Biología Molecular, Cátedra de Genética y Biología Molecular, Facultad de Farmacia y Bioquímica. Universidad de Buenos
Aires, Buenos Aires, Argentina.



crosatellite markers. In order to improve the accuracy of link-
age analysis, we have established allele and genotype fre-
quencies, and measures of variation of these loci.

Materials and Methods

Genomic DNA isolation

Peripheral blood samples collected in sodium ethylenedi-
aminetetraacetic acid (EDTA) from unrelated individuals
without thyroid pathology were used. Genomic DNA was
isolated from white blood cells by the sodium dodecyl sul-
fate (SDS)-proteinase K method.

Microsatellite analysis

The microsatellites present in introns 29 and 30 of the Tg
gene are referred as TGrI29 and TGrI30, respectively. The
tandem repeat sequences and the primers used for amplifi-
cation of these regions are shown in Figure 1.
Polymerase chain reaction (PCR) amplification reactions
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FIG. 1. Sequence data of the exons 30 and 31, 39 end of intron 29, complete intron 30 and 59 end of intron 31 of the thy-
roglobulin gen, from l dash 171. The exonic sequences are indicated by capital letters and the intronic sequences by lower-
case letters. The amino acid sequence is represented by the one-letter code. Shaded areas indicate the microsatellites of in-
trons 29 (TGrI29) and 30 (TGrI30). The positions of the primers for TGrI29 (forward: TGrI29F, reverse: TGrI29R) and TGrI30
(forward: TGrI30F, reverse: TGrI30R) microsatellites are underlined.

FIG. 2. Autoradiograph showing alleles at TGrI29 locus for
unrelated individuals. Molecular weights are indicated in
base pairs (bp).



were performed in a total volume of 15 mL using a standard
PCR buffer (Invitrogen-Life Technologies, Carlsbad, CA)
containing 125 ng of DNA, 14 pmol of each primer (the for-
ward primer was 32P end-labeled using polynucleotide ki-
nase), 0.2 mM each deoxyribonucleotide triphosphate, 2.5
mM MgCl2, 4% dimethyl sulfoxide (DMSO) and 0.3 units of
Taq polymerase (Invitrogen-Life Technologies). Samples
were heated to 95°C for 3 minutes, followed by 25 cycles of
DNA denaturation (95°C for 30 seconds), annealing (59°C for
30 seconds), and polymerization (72°C for 1 minute). After
the last cycle, the samples were incubated for an additional
10 minutes at 72°C. Amplification was carried out in a MJ
Research PTC 100 thermoblock (MJ Research, Watertown,
MA).
Aliquots of PCR products were mixed with one half vol-

ume of formamide dye solution (95% formamide, 10 mM
NaOH, 0.05% bromophenol blue, and 0.05% xylene cyanol),
heated to 70°C for 2 minutes, and electrophoresed on a 6%
(TGrI29) or 5% (TGrI30) denaturing polyacrylamide se-
quencing gel. Autoradiography of dried gels was per-
formed for 24 hours. Alleles were sized by comparison with

a M13 mp18 sequencing standard electrophoresed on the
same gel.

Cloning of microsatellites

Genomic DNA of individuals carrying the different alle-
les to the TgRi29 and TgRi30 microsatellites was amplified
by PCR. The total volume of 100 mL contained the standard
PCR buffer (Invitrogen-Life Technologies), 250–300 ng of
DNA, 50 pmol of each forward and reverse primers (Fig. 1),
0.2 mM each deoxyribonucleotide triphosphate, 2.5 mM
MgCl2, 4% DMSO, and 2 units of Taq polymerase (Invitro-
gen-Life Technologies). The same cycles as those described
above were used except that the annealing temperature was
58°C for TGrI30. Amplification was carried out for 40 cycles.
Control reactions without added DNA were included in
every set of amplification.
The PCR products were purified from a 2% agarose gel on

Concert Rapid Gel Extraction System (Invitrogen-Life Tech-
nologies) and cloned using the pGEM-T Easy Vector
(Promega, Madison, WI). JM 109 High Efficiency Competent
Cells (Promega) were used for transformations. After that re-
combinant clones were identified by color screening on in-
dicator plates containing IPTG (isopropylthio-b-galactoside)
and X-Gal (5-bromo-4-chloro-3-indolyl-b-D-galactoside)
plasmid DNA was isolated with the Concert Rapid Plasmid
Miniprep System (Invitrogen-Life Technologies).

DNA sequencing

Sequencing of the alleles was performed with the Taqpoly-
merase-based chain terminator method (fmol; Promega)
from TGrI29 and TGrI30 clones, using the amplification 
reverse primers (Fig. 1). The results were analyzed using 
the PC gene computer program (Intelligenetics, Geneva,
Switzerland).

Statistical analysis

A standard x2analysis of the observed and expected geno-
types for TGrI29 and TGrI30 microsatellites was carried out
in order to test for Hardy-Weinberg equilibrium (19).
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FIG. 3. Autoradiograph showing alleles at TGrI30 locus for
unrelated individuals. Molecular weights are indicated in
base pairs (bp).

TABLE 1. SUMMARY OF MEASURES OF VARIATION

PCR
product size Allele

STR Location Allele (bp) frequencies HET PIC

29.1 197 0.336
TGrI29 Intron 29 29.2 199 0.200 0.859 0.471

29.3 201 0.450
29.4 203 0.014

30.1 502 0.099
30.2 506 0.115
30.3 510 0.013
30.4 522 0.007 0.522 0.434

TGrI30 Intron 30 30.5 530 0.003
30.6 534 0.036
30.7 538 0.720
30.8 542 0.007

HET, Heterozigosity; PIC, Polymorphism information content.



Results

Two microsatellites TGrI29 and TGrI30 located within in-
trons 29 and 30, respectively, were found during the se-
quencing of the TG gene in the clone named l dash 171 (Fig.
1) (7). TGrI29 is a complex STR, with a repeat region con-
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TABLE 2. GENOTYPE FREQUENCIES OF THE TGrI29 SYSTEM

Genotype Observed (n) Expected (n)

29.1/29.1 7 7.902
29.1/29.2 9 9.408
29.1/29.3 22 21.168
29.1/29.4 2 0.659
29.2/29.2 4 2.800
29.2/29.3 11 12.600
29.2/29.4 0 0.392
29.3/29.3 15 14.175
29.3/29.4 0 0.882
29.4/29.4 0 0.014

x2 5 4.9357; p. 0.50 (not significant); df 5 6; n5 70.

TABLE 3. GENOTYPE FREQUENCIES OF THE TGrI30 SYSTEM

Genotype Observed (n) Expected (n)

30.1/30.1 0 1.490
30.1/30.2 3 3.461
30.1/30.3 0 0.391
30.1/30.4 1 0.211
30.1/30.5 0 0.090
30.1/30.6 2 1.083
30.1/30.7 24 21.669
30.1/30.8 0 0.211
30.2/30.2 1 2.010
30.2/30.3 1 0.454
30.2/30.4 0 0.245
30.2/30.5 0 0.105
30.2/30.6 1 1.259
30.2/30.7 27 25.171
30.2/30.8 1 0.245
30.3/30.3 0 0.026
30.3/30.4 0 0.028
30.3/30.5 0 0.012
30.3/30.6 0 0.142
30.3/30.7 3 2.845
30.3/30.8 0 0.028
30.4/30.4 0 0.007
30.4/30.5 0 0.006
30.4/30.6 0 0.077
30.4/30.7 1 1.532
30.4/30.8 0 0.015
30.5/30.5 0 0.001
30.5/30.6 1 0.033
30.5/30.7 0 0.657
30.5/30.8 0 0.006
30.6/30.6 0 0.197
30.6/30.7 7 7.880
30.6/30.8 0 0.077
30.7/30.7 78 78.797
30.7/30.8 1 1.532
30.8/30.8 0 0.007

x2 5 40.3540; p. 0.05 (not significant); df 5 28; n5 152.

TABLE 4. HAPLOTYPE FREQUENCIES BETWEEN
TGrI29 AND TGrI30 GENOTYPES

Haplotype Frequency

29.1/29.1–30.1/30.2 0.06
29.1/29.1–30.1/30.4 0.02
29.1/29.1–30.2/30.3 0.02
29.1/29.1–30.7/30.7 0.02
29.1/29.2–30.1/30.6 0.02
29.1/29.2–30.1/30.7 0.02
29.1/29.2–30.2/30.2 0.02
29.1/29.2–30.2/30.7 0.04
29.1/29.3–30.1/30.7 0.14
29.1/29.3–30.2/30.7 0.10
29.1/29.3–30.2/30.8 0.02
29.1/29.3–30.6/30.7 0.02
29.1/29.3–30.7/30.7 0.06
29.1/29.4–30.1/30.7 0.02
29.1/29.4–30.2/30.7 0.02
29.2/29.2–30.5/30.6 0.02
29.2/29.3–30.6/30.7 0.04
29.2/29.3–30.7/30.7 0.16
29.3/29.3–30.6/30.7 0.02
29.3/29.3–30.7/30.7 0.16
Other 0.00

n5 50.

taining a mixture of two types of dinucleotide tandem re-
peats (tc)n and (tg)n and TGRi30 consists of one type of
tetranucleotide tandem unit (atcc)n. In order to study the pos-
sible polymorphism of these repetitive sequences we ampli-
fied them by PCR using flanking primers. Then, the labeled
products were separated in a polyacrylamide denaturing se-
quencing gel. The genotyping were carried out for TGrI29
and TGrI30 in a population sample of 70 and 152 unrelated
individuals, respectively. The fragments amplified with
TGrI29 primers were in a size range between 197 and 203
base pairs (bp) (Fig. 2). The alleles observed varied in length
by 2 bp. So, we have assigned numbers for them begining
with 29.1 to indicate the 197-bp allele and incrementing at 2-
bp intervals (from 29.1 to 29.4, see Fig. 2). The fragments am-
plified with TGrI30 primers were in a size ranging between
502 and 542 (Fig. 3). We have coded these alleles with num-
bers begining with 30.1 to indicate the 502-bp allele (from
30.1 to 30.8, see Fig. 3). The allele sizes were easily deter-
mined by comparison with the M13 mp18 sequences. In ad-
dition to the main amplification product, each allele presents
a typical shadow product that is 2 (TGrI29) or 4 bp (TGrI30)
smaller and less intense. The reason may be slippage during
PCR amplification or incomplete extension by the poly-
merase.
The allele and genotype frequencies of these microsatel-

lites are summarized in Tables 1, 2, and 3. TGrI29 locus has
four alleles, three of them being relatively common in the
population of 140 chromosomes studied (Table 1). Of the 10
possible genotypes from the 4 observed alleles, 7 were seen
in the population survey (Table 2).
A total of 8 different TGrI30 alleles were observed in the

304 chromosomes included in this study, 4 of them being the
most common (Table 1). Of the 36 possible genotypes from



the 8 observed alleles, 15 were seen in the population sur-
vey (Table 3).
To determinate the informativeness of the systems stud-

ied, we calculated measures of variation (Table 1). Thus, the
observed heterozygosities (HET) of two loci TGrI29 and
TGrI30 were 0.859 and 0.522, respectively, and the poly-
morphism information contents (PIC) were 0.471 and 0.434,
respectively. Both STR loci identified are polymorphic and
can be used as genetic markers. The x2 analyses of observed
and expected genotypes for each microsatellites showed a
nonsignificant p value, indicating that the sampled popula-

tion do not deviate from Hardy-Weinberg equilibrium for
the TGrI29 and TGrI30 loci (Tables 2 and 3).
The haplotype frequencies between TGrI29 and TGrI30

genotypes analyzed in a sample of 50 unrelated individuals
are summarized in Table 4. The most common associations
are 29.1/29.3–30.1/30.7, 29.2/29.3–30.7/30.7, and 29.3/
29.3–30.7/30.7 with frequencies of 0.16, 0.14, and 0.16, re-
spectively.
Mendelian transmission of the both STRs alleles was ver-

ified in two families. However, we also studied the allelic
segregation for the two microsatellites in three different fam-
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FIG. 4. Nucleotide sequence comparison of the cloning alleles of the TGrI29 microsatellite. The alleles and subtypes are
aligned for optimal homology. The dinucleotide tandem repeats are shown in parentheses.

FIG. 5. Nucleotide sequence comparison of the cloning alleles of the TGrI30 microsatellite. The alleles and subtypes are
aligned for optimal homology. The dotted line denotes the conserved nucleotides for each allele and the discontinuous line
indicates the absent nucleotides in the lightest alleles. The tetra-nucleotide tandem repeats are shown in parentheses.



ilies with congenital goiter caused by mutations in the Tg
gene. The analysis of pedigrees showed that the two mark-
ers are informative, indicating a linkage between the muta-
tion and TGrI29 and TgGrI30 alleles and provided a conve-
nient mean to explore the segregation of Tg alleles (data not
shown).
In order to explore the origin of the variability, we cloned

and sequenced the different alleles of TGrI29 and TGrI30 loci.
For TGrI29, identical sequences were observed in all the se-
quenced alleles except for the variable number of (tc)n and
(tg)nmotifs (Fig. 4). Additionality, both alleles 29.1 and 29.3
contain each one two subtypes with the same molecular
weights and different distribution of the tandem repeats
(29.1a and 29.1b; 29.3a and 29.3b). In TGrI30 alleles we found
tetranucleotide tandem units (atcc)n sometimes appearing in
a variable number and in other cases in a conserved repeat
number (Fig. 5). The repetitive sequences are disrupted by
conserved regions within the same locus. The allele 30.2 pre-
sents two subtypes with the same molecular weight of 506
bp and different distribution of the tandem repeats (30.2a
and 30.2b). At the end of the repetitive core, some alleles pre-
sented additional tetranucleotide units: alleles 30.5, 30.7 and
30.8 include one atct, allele 30.6 two atctwhile 30.4 showed
an accc unit instead of atct.

Discussion

The usefulness of TGrI29 and TGrI30 microsatellites as a
simple STR system for family linkage studies is clear; it is an
informative polymorphism, without genotyping problems,
which is readily amplified by PCR.
The incidence of congenital hypothyroidism is estimated

to be 1 in 4000. Patients with this heterogeneous disorder can
be divided into two groups: goitrous and nongoitrous hy-
pothyroidism. The presence of congenital goiter is usually
associated with mutations in genes responsibles for thyroid
hormonogenesis: sodium iodide (Na1/I2) symporter (20),
Tg (8–14), thyroid peroxidase (21,22), and pendrin (23) genes.
In families presenting hypothyroidism supposedly caused
by a Tg synthesis defect, a linkage analysis could be per-
formed using TGrI29 and TGrI30. A positive family history
of goiter was obtained in more than 50% of these patients
and frequently more than one sibling was affected per gen-
eration (1). In this context, the screening programs for neona-
tal hypothyroidism ensure early treatment and prevent pro-
found peripheral tissue hypothyroidism. The diagnosis is
based on the presence of neonatal goiter associated with hy-
pothyroidism, with low serum thyroid hormone levels and
high serum thyrotropin (TSH) concentrations. The use of
TGrI29 and TGrI30 markers in the affected newborns would
be of value. It may be important for carrier detection and
prenatal diagnosis in families with Tg defect. A remarkable
advantage of genetic linkage analysis is that there is no need
of knowing the disease-causing mutations in the target gene.
Nongoitrous neonatal hypothyroidism results from thyroid
gland agenesis, dysgenesis and hypoplastic thyroid gland.
In most cases, the ethiology is unknown. In some patients it
is associated with mutations in genes responsible for the de-
velopment of thyroid follicular cells: thyrotropin-b (TSH-b)
(24), TTF-1 (thyroid transcription factor) (25), PAX-8 (paired
box transcription factor 8) (26), and TSH receptor genes
(27,28). Interestingly, the Tg region has been shown to be

consistently linked to familial nongoitrous congenital hy-
pothyroidism (29). Strong evidence also suggests that the Tg
gene is a major susceptibility gene for familial autoimmune
thyroid disease (AITD) (18). Polymorphisms in the Tg gene
may be involved in the ethiology of AITD. The use of TGrI29
and TGrI30 microsatellites is also convenient in linkage anal-
ysis in nongoitrous congenital hypothyroidism or familial
AITD. These new markers could be used in combination with
other DNA polymorphisms with comparable characteristics.
However, tandem sequence repeats were found to modu-

late the splicing mechanism of different genes (30,31). In pre-
vious studies we have identified a 138-bp deletion in two
siblings with congenital goiter in the Tg mRNA corre-
sponding to exon 30 (11). Genomic DNA analysis confirmed
a g to t transversion at position 11 in the donor splice site
of intron 30 (14). However, it is possible that the TGrI29 and
TGrI30 microsatellites within flanking introns of exon 30 can
modulate the splicing and consequently lead to an aberrant
splicing signal therefore contributing to the molecular mech-
anism responsible for the disease.
In conclusion, microsatellite analysis using the markers

within the Tg gene described and characterizated here is well
suited for routine use in laboratories engaged in linkage
studies in families with congenital hypothyroidism or au-
toimmunity thyroid diseases.
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