
Abstract Various genetic loci harboring oncogenes, tu-
mor suppressor genes, and genes for calcium receptors
have been implicated in the development of parathyroid
tumors. We have carried out loss of heterozygosity (LOH)
studies in chromosomes 1p, 1q, 3q, 6q, 11q, 13q, 15q, and
X in a total of 89 benign parathyroid tumors. Of these, 28
were sporadic parathyroid adenomas from patients with
no family history of the disease, 41 were secondary
parathyroid tumors, 5 were from patients with a history of
previous irradiation to the neck, 12 were from patients
with a family history of hyperparathyroidism, and 3 were
parathyroid tumors related to multiple endocrine neopla-
sia type 1 (MEN1). In addition, we determined the chro-
mosomal localization of a second putative calcium-sens-
ing receptor, CaS, for inclusion in the LOH studies. Based
on analysis of somatic cell hybrids and fluorescent in situ
hybridization to metaphase chromsomes, the gene for CaS
was mapped to chromosomal region 2q21-q22. The fol-
lowing results were obtained from the LOH studies: (1)
out of the 24 tumors that showed LOH, only 4 had more
than one chromosomal region involved, (2) in the tumours
from uremic patients, LOH of chromosome 3q was de-
tected in a subset of the tumors, (3) LOH of the MEN1 re-
gion at 11q13 was the most common abnormality found in
both MEN1-related and sporadic parathyroid tumours but
was not a feature of the other forms of parathyroid tu-

mors, (4) LOH in 1p and 6q was not as frequent as previ-
ously reported, and (5) tumor suppressor genes in 1q and
X might have played a role, particularly on the X chro-
mosome, in the case of familial parathyroid adenomas.
We therefore conclude that the tumorigenesis of familial,
sporadic, and uremic hyperparathyroidism involves dif-
ferent genetic triggers in a non-progressive pattern.

Introduction

Various genetic abnormalities have been reported as tak-
ing part in parathyroid tumorigenesis. Most studies con-
cern loci known to harbor genes involved in the formation
of neoplasia, oncogenes and tumor suppressor genes. A
few studies have investigated mechanisms regulating
parathyroid hormone (PTH) secretion.

Loss of heterozygosity (LOH) in 11q13, the region that
harbors the putative tumor suppressor gene of multiple
endocrine neoplasia type 1 (MEN1), has been demon-
strated not only in MEN1-related parathyroid tumors, but
also in up to 30% of sporadic parathyroid tumors (Larsson
et al. 1988; Arnold et al. 1988; Byström et al. 1990; Fried-
man et al. 1992). Tumor development in uremic hyper-
parathyroidism has also been suggested to involve dele-
tions of the MEN1 locus (Falchetti et al. 1993), but subse-
quent studies indicate that this alteration only occurs in a
small subset of these cases (Arnold et al. 1995; Farnebo et
al. 1996).

The cell-cycle regulator PRAD1/cyclin D1 has been
established to play a role in a subset of tumors (Rosenberg
et al. 1991), probably by overexpression of the wild-type
PRAD1 sequence. Another hyperparathyroidism-related
gene has been localized to chromosome 1q21-q32, the lo-
cus for the hyperparathyroidism-jaw tumor syndrome
(HPT-JT, HPRT2; Szabo et al. 1995). Although there is no
evidence so far of LOH in HPT-JT-associated parathyroid
tumors, LOH has been found in associated “renal hamar-
tomas” (Teh et al. 1996). Since the loss always involves
the wild-type allele derived from the unaffected parent,
this suggests the inactivation of a tumor supressor gene in
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the region (Teh et al. 1996). Deletions at the retinoblas-
toma gene locus (RB1) on chromosome 13q occur fre-
quently in parathyroid carcinoma and atypical recurrent
disease (Cryns et al. 1994; Dotzenrath et al. 1996). An al-
lelotyping study of primary sporadic parathyroid tumors
has also implied that hitherto unidentified tumor supressor
genes on chromosome 1p, 6q, 15q, and X are involved
(Tahara et al. 1996). The enlarged parathyroid glands
found in patients with secondary HPT have been shown to
be mainly monoclonal in nature (Arnold et al. 1995), but
a recurrent chromosomal abnormality has not yet been
identified in this subgroup.

The secretion of PTH is controlled by extracellular cal-
cium via receptors on the surface of the parathyroid cell.
The gene coding for the calcium receptor (CaR), a seven
transmembrane receptor with a well-characterized func-
tion, is located on chromosome 3q (Brown et al. 1993,
1995). Inactivating heterozygous mutations cause familial
hypocalcuric hypercalcemia (FHH), whereas homozygous
mutations cause neonatal severe hyperparathyroidism, in
which parathyroid hyperplasia also occurs (Pollak et al.
1993; Heath et al. 1996). It has been speculated that mu-
tations in CaR could also induce parathyroid tumor for-
mation.

Another protein with possible calcium-sensing proper-
ties has been described. This protein (CaS) is a member of
the low density lipoprotein receptor super family (Lund-
gren et al. 1994). Immunohistochemistry has demon-
strated reduced expression of this protein in parathyroid
adenomas and in the enlarged glands of secondary HPT,
compared with normal parathyroid glands (Juhlin et al.
1989). Monoclonal antibodies against CaS block the ef-
fect of increased extracellular calcium on the secretion of
PTH in vitro (Juhlin et al. 1987; Nygren et al. 1988).

We have analyzed tissue samples from five different
types of benign parathyroid lesions in 70 patients, i.e., a
total of 89 tumors, for LOH in chromosomal regions im-
plicated in the development of sporadic parathyroid tu-
mors. The human chromosomal position of the gene for
CaS has also been determined by analysis of somatic cell
hybrids and fluorescence in situ hybridization (FISH).

Materials and methods

Patients and tumor samples

This study included matched pairs of constitutional and tumor
samples from 70 patients with various types of benign parathyroid
lesions. A total of 89 tumors were studied, including 28 sporadic
tumors, 41 tumors from patients with secondary hyperparathy-
roidism, 5 tumors from patients who had previously undergone ra-
diation treatment to the neck, 12 tumors from patients with hered-
itary predisposition to hyperparathyroidism, and 3 tumors from pa-
tients with MEN1.

Immediately after surgical removal, parathyroid tissue was
frozen in liquid nitrogen and stored at –70°C. High molecular
weight DNA was extracted from fresh frozen tumor tissues and pe-
ripheral blood leukocytes by using standard methods. In some
cases, tumor DNA was isolated from paraffin-embedded parathy-
roid tissue (Shibata 1994).

LOH studies

The following microsatellite markers were selected: D1S468,
D1S228, D1S507, and D1S513 on 1p; D1S428, D1S412, and
D1S413 at the HPT-JT locus on 1q; D2S141, D2S156, D2S389,
and D2S311at the CaS locus on 2q21-q22; D3S1215, D3S1303,
D3S1267, D3S1269, D3S1316, and D3S1309 flanking the FHH lo-
cus on 3q; D6S297 on chromosome 6q; PYGM (muscle glycogen
phosphorylase) and D11S97 in the MEN1 region at 11q13;
D13S267, D13S287, D13S164, RB1.20 (retinoblastoma), D13S153,
and D13S71 at 13q; GABRB3 (gamma aminobutyric acid A recep-
tor beta 3) and D15S120 on chromosome 15; and MAOB (mono-
amine oxidase B), DXS453, and DXS3 on the X chromosome (Fig.
1). Polymerase chain reactions (PCR) were performed in a total vol-
ume of 10 µl containing 50–100 ng constitutional or tumor DNA, 50
mM KCl, 10 mM TRIS-HCl (pH 8.3), 1.5 mM MgCl2, 125 µM of
each dNTP, 2 pmol of each oligodeoxynucleotide primer (one of
which was end-labeled with [32P]), and 0.2 U DNA polymerase
(Dynazyme, Finnzyme Oy). Samples were amplified by using a hot-
start of 5 min at 94°C, 25 cycles of denaturing at 94°C for 30 s, an-
nealing at 55° C for 30 s, and elongation at 72°C for 30 s (alterna-
tive cycle 94°C for 60 s, 60° C for 60 s, and 72°C for 60 s) followed
by a further elongation at 72°C for 7 min. Polyacrylamide gel elec-
trophoresis was carried out on the PCR products, followed by either
autoradiography or digital imaging (Bio-imaging analyzer Bas
1000, Fuji). LOH was defined either as a total absence or as a re-
duction of ≥50% of the signal intensity of one of the constitutional
alleles in the tumor compared with the constitutional DNA.

Somatic cell hybrids

High molecular weight DNA was isolated from peripheral human
leukocytes, Chinese hamster cells, mouse liver, and somatic hybrid
cell lines (hamster/human and mouse/human) retaining individual
human chromosomes (NIGMS Coriell Cell Repositories). To es-
tablish on which human chromosome the CaS gene was located,
the somatic cell hybrid panels were screened by PCR. Primers
were designed to match a CaS-specific sequence of the cDNA
clone published by Lundgren et al. (1994). Approximately 1 µg
DNA from each cell hybrid was combined with 10 pmol of each
primer (5′-GAGTCTGCCTGGATGAATGGAG and 5′-GCTTC-
CTTTGCAATGACTCTCC), and combined with 2.5 U Taq poly-
merase in 25 µl PCR buffer (10 mM TRIS-HCl pH 8.5, 50 mM
KCl, 1.5 mM MgCl2, 0.001% gelatine, 0.2 mM dNTPs). Amplifi-
cation was carried out by using a hot-start at 94°C, 35 cycles of
denaturing at 94°C for 60 s, annealing at 65°C for 60 s, and elon-
gation at 72°C for 60 s. The PCR products were analyzed by elec-
trophoresis in a 2% agarose gel.

Isolation of a genomic clone for CaS

A human placenta cosmid library in pWE15 was transferred to ni-
trocellulose filters and screened with the 32P-labeled PCR fragment
of CaS derived as described above. After hybridization, the filters
were washed under stringent conditions, and the positive clones
were re-screened until pure, by using standard methods. DNA from
the purified cosmids was isolated by means of Quiagen columns
and verified by Southern blot analysis after EcoRI cleavage.

Fluorescence in situ hybridization

Slides with human metaphase chromosomes were prepared from
5-bromodeoxyuridine-synchronized lymphocyte cultures from
normal controls (Benn and Perle 1988). The slides were post-fixed,
RNAse-treated, and denatured as previously described (Blennow
et al. 1992; Pinkel et al. 1986). The cosmid clone for CaS was used
as a probe after labeling with biotin-16-dUTP by means of a nick-
translation kit (BRL). The probe (50 ng) was pre-annealed with
Cot-1 DNA (4 µg) for 30–60 min at 37°C after denaturing in 68° C
for 10 min. Hybridization was performed in 50% formamide at 
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Fig.1 Autoradiograms show-
ing retention or loss of het-
erozygosity at loci on each of
the investigated chromosomes.
The physical location of and
genetic distances (in cM) be-
tween the markers are indi-
cated on the idiograms (left)



42°C overnight in a moist chamber. The slides were then washed
three times for 5 min in 50% formamide, 2 × SSC (1 × SSC = 150
mM NaCl, 15 mM sodium citrate, pH 7.0) at 42°C and then three
times for 5 min in 0.1 × SSC at 60°C. After being washed, the
slides were left in BT-buffer (0.1 M NaHCO3 pH 8.0, 0.05%
Tween 20) for 10 min. Probe detection and signal amplification
were performed by applying two alternating layers of fluorescein-
avidin DCS (Vector Lab) and biotinylated anti-avidin antibodies
(Vector Lab). After dehydration, the slides were mounted in glyc-

erol containing 2.3% 1,4-diazabicyclo-(2,2,2) octane as antifade,
and 4,6-diamino-2-phenyl-indole (DAPI) at 0.5 µg/ml as counter-
stain. The signal was visualized by using a Zeiss Axioskop fluores-
cence microscope equipped with a cooled charge-coupled device
camera (Photometrics Sensys) controlled by a Power Macintosh
Quadra 950 computer. Gray-scale images were captured, pseudo-
colored, and merged using SmartCapture software (Digital Scien-
tific, Cambridge). Two independent experiments were performed,
a minimum of 10 metaphases being scored in each experiment.
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Table 1 Summary of LOH 
detected in the 89 benign
parathyroid tumors studied
(SHPT secondary hyper-
parathyroidism, RA radiation
associated)

Locus Classification of tumor

Sporadic SHPT RA Familial MEN1 Total

Inf LOH Inf LOH Inf LOH Inf LOH Inf LOH Inf LOH

Total no.
cases 28 41 5 12 3 89

1p S468 14 – 31 – 1 1 4 – 2 – 52 1
S228 16 – 29 – 1 – 8 – 1 – 55 –
S507 20 – 28 – 2 1 5 – 1 – 56 1
S513 19 – 30 – 1 – 2 – 1 – 53 –
Total 22 – 38 – 2 1 12 – 2 – 76 1

1q S428 11 2 9 – 1 – 4 – 1 – 26 2
S412 5 1 7 – 1 – 10 – 1 – 24 1
S413 14 1 33 – 4 1 6 – 1 – 58 2
Total 20 2 33 – 5 1 12 – 3 – 73 3

2q S141 13 – 15 – 3 – 4 – 1 – 36 –
S156 12 – 15 – 3 – 11 – 1 – 42 –
S389 15 – 15 – 4 – 5 – 1 – 40 –
S311 13 – 18 – 1 – 5 – 1 – 38 –
Total 20 – 18 – 4 – 11 – 1 – 54 –

3q S1215 14 1 14 1
S1303 13 2 13 2
S1267 20 – 30 2 3 – 10 – 2 – 65 2
S1269 15 1 15 1
S1290 20 – 33 – 5 – 5 – 1 – 64 –
S1316 16 – 26 – 4 – 4 – 1 – 51 –
S1309 15 – 20 – 3 – 5 – 1 – 44 –
Total 23 – 39 4 5 – 11 – 2 – 80 4

6q S297 8 – 8 – 1 – 7 1 – – 24 1

11q PYGM 25 6 31 1 4 1 9 – 3 1 72 9
S97 3 2 3 2
Total 25 6 31 1 4 1 9 – 3 2 72 10

13q S267 15 – 17 – – – 5 1 1 – 38 1
S287 11 – 11 – 1 – 4 – 1 – 28 –
S164 11 – 7 – – – 5 – 1 – 24 –
RB1 24 1 32 – 5 1 6 1 3 – 70 3
S153 4 1 4 1
S71 4 – 4 –
Total 26 1 37 – 5 1 11 3 3 – 82 5

15q GABRB3 17 – 13 – 1 1 7 1 1 – 39 2
S120 7 – 12 – – – 8 1 1 – 28 1
Total 18 – 17 – 1 1 12 1 1 – 49 2

X MAOB 15 1 4 – 3 – 4 1 – 26 2
S453 8 – 3 – 2 – 5 2 1 – 19 2
S3 11 2 2 – 1 – 3 1 1 – 18 3
Total 18 2 16 – 3 – 11 2 1 – 49 4



Results

The results from the LOH analysis are summarized in Ta-
bles 1 and 2, and Fig.1. The overall rate of LOH was low.
Only 24 of the 89 tumors studied showed LOH, which
was restricted to one chromosomal region in all but four
cases. The tumors were divided into five groups based on
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Table 2 Details of the 24
parathyroid tumors showing
LOH (LOH loss of heterozy-
gosity, – non-informative, i.e.,
constitutional homozygosity, 
+ retained heterozygosity,
blank not done, SHPT sec-
ondary hyperparathyroidism,
RA radiation associated)

Tumor Tumor Sex Chromosome
type no. (M/F)

1p 1q 2q 3q 6q 11q 13q 15q X

Sporadic HPT-7 F + + + + – LOH – – –
HPT-8 F + LOH + + – + + + LOH
HPT-11 F + + + + – LOH + + +
HPT-16 F + LOH + + – + + + +
HPT-29 F + + + + + LOH + + +
HPT-42 F + + + + + + + + LOH
HPT-47 F + + + + – LOH + + +
HPT-48 F + + + + – LOH + + +
HPT-52 F + + + + + + LOH + +
HPT-56 F + + + + + LOH + + +

SHPT SEK-1 M + + + + – LOH + + –
COR-20 F + + LOH + +
COR-22 F + + LOH + +
COR-24 M + – LOH + –
COR-32 M + + LOH + +

RA RA-1 F LOH + + + – LOH LOH – +
RA-3 F – + + + – – + LOH +
RA-4 F – LOH – + – + + – –

Familial FAM-1 F + + + + + + + + LOH
FAM-3 F + + + + + – LOH LOH LOH
FAM-10 M + + + – + + LOH + +
FAM-12 F + + + + LOH + LOH + +

MEN1 HPT-3 F + + + + – LOH + + +
HPT-9 F – + – – – LOH + – –

Total no. LOH 1 3 0 4 1 10 5 2 4

Fig.2 Assignment of the CaS gene to human chromosomal region
2q21-q22. FISH mapping using a CaS cosmid is shown to the left
of the idiogram; an enlargement of one chromosome 2 and the
banding pattern is given to the right of the idiogram



clinical characteristics. The sporadic adenomas showed
loss of the MEN1 locus in 11q13 in 24% of the informa-
tive cases (6/25). Losses were also found on 1q in two ad-
ditional tumors, on 13q in one tumor, and on the X chro-
mosome in two tumors (Table 2). Only one tumor showed
loss at two chromosomal regions, viz., 1q and X. Four pa-
tients with secondary hyperparathyroidism exhibited loss
on 3q (10%). In another patient, one out of four tumors
showed loss at 11q13. Three out of five tumors from pa-
tients previously given irradiation to the neck possessed
random losses at several regions (Table 2). Four familial
tumors showed losses that, in three cases, involved 13q
and, in two cases, the X chromosome. However, none of
the familial tumors exhibited LOH involving the MEN1
locus. With regard to the MEN1 tumors, even though the
number of tumors was small, loss of markers at 11q13
(2/3) was the only observed abnormality.

To establish on which human chromosome CaS was
situated, PCR was performed on somatic cell hybrids that
retained individual human chromosomes in mouse or
hamster cells. A single product was obtained from total
human DNA and from the cell line containing human
chromosome 2 only (not shown). Subsequently, the PCR
product was used to isolate a genomic clone for CaS from
a total human cosmid library. The cosmid clone was then
used for FISH to determine more precisely the position of
CaS. Hybridization to chromosome 2 was observed, and
the signal was detected as symmetrical spots on the two
homologous chromosomes. CaS was regionally assigned
to 2q21-22 by means of DAPI staining (Fig. 2).

Discussion

Previous studies of the tumorigenesis of parathyroid glands
have provided no evidence of clear-cut tumor progression
steps as exemplified in the case of colon cancer (Fearon
and Vogelstein 1990). Parathyroid glands are not as read-
ily accessible as the colon and thus, prior to the known
presence of biochemical abnormality, they are not subject
to biopsy, even in individuals who have a predisposition
to parathyroid tumors. Furthermore, parathyroid glands
are endocrine organs under hormonal and metabolic regu-
lation and are subject to the influence of gender and age.

Whether benign parathyroid tumors develop into ma-
lignant forms is still the subject of debate, since parathy-
roid cancer is a rarity. Deletions at the RB1 locus on chro-
mosome 13q have been reported to be specific for para-
thyroid carcinoma (Cryns et al. 1994). However, it has
also been found in atypical recurrent parathyroid disease
(Dotzenrath et al. 1996), and in four benign parathyroid
tumors in the present study (Table 2).

Genetically, HPT has been associated with a number of
familial diseases, such as MEN1, MEN2, neurofibromato-
sis type 1, and HPT-JT. Accordingly, the genes of these syn-
dromes can be expected to play a role not only in the fa-
milial, but also in some of the sporadic cases. Interestingly,
parathyroid cancer has been associated with one of the
syndromes, viz., HPT-JT syndrome (Jackson et al. 1990).

In view of these factors, a complex mechanism(s) for
parathyroid tumorigenesis can be expected. In the major-
ity of cases, different genetic triggers probably contribute
separately, rather than in a progressive pattern. This is
supported by the present study, since out of the 24 tumors
that show LOH, only four have LOH in more than one
chromosomal region. Among the investigated loci, MEN1
is most frequently involved.

The MEN1 gene has previously been shown to be fre-
quently involved in both MEN1-related and sporadic
parathyroid tumors. Although only three MEN1-related
tumors have been included in this series, they indicate that
the MEN1 gene, as expected, plays the most important
role. The sporadic tumors showing loss at the MEN1 lo-
cus are significantly larger (P < 0.01; chi-square) than those
showing retention (> 900 mg or < 560 mg, respectively) in
agreement with previous findings (Friedman et al. 1992). It
is interesting to note that four tumors exhibit LOH in chro-
mosomes 1q, 13q, and X, rather than in the MEN1 region.

The calcium-sensing receptor(s) plays a crucial role in
the regulation of PTH secretion. The increased set-point
seen in primary and secondary HPT may be the result of a
defective (mutated) receptor or a reduced number of nor-
mal receptors (Garrett et al. 1995; Kifor et al. 1996). The
possible involvement of CaR in the development of
parathyroid neoplasia has also been discussed (El-Deiry
and Levine 1995). Thompson et al. (1995) have shown
LOH by using markers flanking the FHH/CaR region in
approximately 10% of sporadic parathyroid adenomas.
We have not detected any LOH in 28 informative cases;
this argues against a major role of this gene in the devel-
opment of sporadic adenomas. In a previous study,
Hosokawa et al. (1995) have reported the absence of mu-
tations in CaR in both sporadic adenomas and tumors
from patients with secondary HPT. It should be noted,
however, that intronic and promoter mutations might es-
cape detection with the type of assay that those authors
have used, i.e., the RNAse protection assay. On the other
hand, the present study demonstrates LOH in 10% of tu-
mors from patients with secondary HPT, suggesting that
the inactivation of CaR may be specific for a subset of
secondary HPT tumors. Since these tumors could still
contain one copy of the gene, it might be worthwhile to
carry out mutation analysis of the gene.

Extensive work, physiological and immunohistochem-
ical, has been performed to characterize a second putative
calcium-sensing receptor, CaS (Nygren et al. 1988; Juhlin
et al. 1987, 1989, 1990). These studies have shown that
the expression of CaS is reduced both in sporadic parathy-
roid adenomas and in secondary HPT glands. Part of the
CaS protein has recently been sequenced, and the gene
cloned (Lundgren et al 1994; Korenberg et al. 1994). Us-
ing FISH analysis, we have now shown that the gene
maps to chromosome 2q21-q22. Our studies of this region
have not revealed LOH in tumors from any group, thus
suggesting that inactivation of the gene by somatic dele-
tion is not a mechanism for tumorigenesis in the parathy-
roid. However, other inactivating mechanisms, such as
point mutations, might play a role.
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As far as we are aware, this is the first study to investi-
gate parathyroid tumors of patients previously irradiated
to the neck. Because of radiation-associated damage, more
genetic abnormalities can be expected in these tumors. We
have found LOH in 3/5 informative cases (60%), the
losses involving five different random chromosomal re-
gions (Table 2).

In addition to MEN1, there have been many reports of
familial hyperparathyroidism. Some of these families
have subsequently been found to have ossifying jaw fi-
bromas, suggesting that they have HPT-JT, a separate en-
tity mapping to chromosome 1q. Previous studies of HPT-
JT-associated parathyroid tumors have not revealed LOH
in this region (Szabo et al. 1995). Our studies show that
only one radiation-associated parathyroid tumor has LOH
in this region, but this tumor also has LOH in the MEN1
region and on 13q. These results, together with previous
studies, indicate that inactivation by gross deletion of the
HPT-JT gene is not frequent in the tumorigenesis of any
type of parathyroid tumors.

LOH in chromosome 1p36 has frequently been found
in various kinds of malignancies, such as neuroblastoma,
pheochromocytoma, melanoma, and breast cancer. Cryns
et al. (1995) have reported LOH in up to 40% of parathy-
roid adenomas studied. Surprisingly, we have not found
LOH in any of the 28 informative sporadic cases. Conta-
mination of normal tissue can be excluded, since LOH has
been detected in other loci. However, the existence of a
small interstitial deletion beyond our detection method or
point mutation of a candidate gene in this region cannot
be ruled out.

One interesting finding is the LOH involving the X
chromosome in four tumors. Two of them were sporadic
cases, whereas the other two were familial with no evi-
dence of MEN1 or jaw tumors to date. This is consistent
with a previous study that has also shown LOH of the X
chromosome in 2 out of 4 tumors in a family with famil-
ial hyperparathyroidism (Arnold et al. 1995), suggesting
the existence of an X-chromosome tumor-suppressor
gene. We have recently shown reduced penetrance of hy-
perparathyroidism in female patients in HPT-JT syndrome
(Teh et al. 1996); we hypothesize that an X-chromosome
modifier gene might be involved and that, in these famil-
ial cases, the female requires two mutations, whereas the
male only requires one. It will be interesting to analyze
these tumors when both genes are cloned.
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