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Summary We have made a regional assignment of the type II collagen 
gene (COL2A1) on human chromosome 12 by means of an in situ hy- 
bridization technique with a biotinylated DNA probe. The precise local- 
ization of the signal was mapped to the band 12q13.1-q13.2. This result 
was in agreement with the previous mapping by isotopic in situ hybrid- 
ization technique (12q13.1-q13.2), but not with the result of Southern 
hybridization analysis us!ng somatic cell hybrids (12q14.3). 
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INTRODUCTION 

The use of in situ hybridization has made it possible to localize specific DNA 
sequences directly on metaphase chromosomes. The techniques using isotopic 
DNA probes have, however, had some disadvantages to be overcome. Recently, 
many investigators have made great efforts to develop the techniques with non- 
isotopic biotinylated DNA probes (Langer et al., 1981; Manuelidis et al., 1982; 
Pinkel et al., 1986; Moyzis et al., 1987; Lawrence et al., 1988; Cherif et al., 1989). 
They are based on chemically modified DNA probes and on immunologic reaction 
for the detection. 

The human type II collagen gene (COL2A1) has been assigned to chromosome 
12 (Strom et al., 1984; Solomon et al., 1985). However, there has been some dis- 
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crepancy in the precise localization, that is, 12q14.3 mapped by Southern hybrid- 
ization analysis (Law et al., 1986) and 12q13.1-q13.2 by isotopic in situ hybridiza- 
tion (Huerre-Jeanpierre et al., 1986). According to the report of the committee on 
genetic constitution of chromosomes 12 and 13 in Tenth International Workshop on 
Human Gene Mapping (Ropers and Craig, 1989), the COL-2A1 gene has been 
assigned to 12q14.3. 

In the present communication, we report the regional assignment of the human 
type II collagen gene (COL2A1) to human chromosomes by means of a previously 
described in situ hybridization procedure using biotinylated DNA probe, which 
is demonstrated to be capable of localizing single copy sequences with high resolu- 
tion (Lawrence et al., 1988). 

MATERIALS AND METHODS 

Chromosome preparation and G-banding. The metaphase chromosome spreads 
were prepared from PHA-stimulated peripheral lymphocytes of a healthy male 
donor by a standard method. Trypsin G-bandings were applied for detailed an- 
alysis of the position of signals prior to hybridization. The chromosome slides 
were kept at 65~ for 3 hr for hardening of chromosome materials (Lawrence et 

al., 1988). 
D N A  probe. A cosmid clone for the human type II collagen gene (COL2A1), 

designated cosHcol2A (Cheah et al., 1985), was used in the present study. This 
cosmid clone contains a 36 kb insert. 

Probe labeling. The DNA probe was labeled by enzymatic incorporation of 
biotin 7-dATP (Bethesda Research Laboratories, BRL, U.S.A.) by the nick trans- 
lation technique according to the manufacturer's direction (BRL). The biotinyl- 
ated DNA fragments were denatured for l0 rain at 75~ in 100K formamide, after 
purification by an ethanol precipitation method using sonicated salmon sperm DNA. 
The probe concentration was 100 ng per slide in the present study. 

Chromosome denaturation. Chromosomes were denatured in 70~ formamide- 
2 x SSC at 70~ for 2 rain, following ethanol-dehydration (70~ and 100K, 5 min 
each, Lawrence et al., 1988). 

Hybridization and rinsing. In situ hybridization and rinsing were performed 
by the method of Lawrence et al. (1988, 1989). The hybridization solution consisted 
of bovine serum albumin (BSA) (20 mg/ml, Boehringer), 20 x SSC, 50~ dextran 
sulfate and 0.1 M N aPO~ (1:1:2:1). The hybridization solution was mixed with an 
equal volume of the denatured probe in formamide. The mixture was pipetted 
onto the denatured chromosome slides, covered with parafilm and incubated in a 
humid chamber at 37~ overnight. The slides were rinsed for 30 rain each in 
50~ formamide-2x SSC at 37~ 2 x SSC and finally 1 x SSC at room tempera- 
ture. 

Detection. The slides were then incubated in 3 ~g/ml fluorescein avidin (Boeh- 
ringer) in 4 x SSC with 1 ~ BSA (Sigma) at 37~ in a humid chamber. After 45 min, 
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they were rinsed in 4xSSC,  4xSSC with 0 .1~ Triton X and 4xSSC for 10 min 
each on a shaker at room temperature (Lawrence et al., 1988). They were counter- 
stained with the DNA fluorochrome, propidium iodide (1.25 t~g/ml, Sigma) in anti- 
bleach mounting medium (1 ~ diazabicyclooctane, Sigma, in glycerol with 10~ PBS, 
Lawrence et al., 1989). We used Nikon Microphoto-FX with epifluorescence optics 
for propidium iodide and for fluorescein avidin (filter combinations, Nikon G-2A and 
B-2E). Photographs were taken by Kodak Tri-X film (ASA 400). 

RESULTS AND DISCUSSION 

Of 100 metaphase plates examined, 86 (86~) had specific signals as two sym- 
metrical spots on the sister chromatids of both homologues of chromosome 12 
(Fig. 1, A and B). No such double spots were observed on other chromosomes. 
G-banding patterns of the same metaphases indicated that the signals were placed 
at the proximal part of the long arm of chromosome 12 (Fig. 1, C-F). The precise 
localization of COL2A1 could be assigned to the band 12q13.1-q13.2. 

According to the result of Law et al. (1986), the COL2A1 gene was mapped 
to the band 12q14.3 by the Southern hybridization analysis of DNA from a panel 

Fig. 1. A and B: Two partial metaphases with chromosome 12 homologues hybridized 
by biotinylated COL2A1. C, D, E and F: Chromosome 12 hybridized (right) 
on the same plates of G-banding (left), respectively. Arrows indicate the signals 
on chromosome 12q13.1-q13.2 and their G-bandings. 
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of human-hamster somatic cell hybrids containing various portions of human 

chromosome 12. On the other hand, Huerre-Jeanpierre et  al. (1986), using isotopic 
in s i tu  hybridization to metaphase chromosomes of human lymphoblastic cells, 
have reported that the localization was to the band 12q13.1-q13.2. Our result 
was in agreement with Huerre-Jeanpierre's report. 

A fragile site may be useful as a landmark for gene mapping. In this region 
of chromosome 12, a rare type of folate sensitive fragile site, FRA 12A, fra(12)(q 13.1), 

has been mapped (Sutherland and Mattei, 1987). Use of this site may allow more 
precise mapping of COL2A1 in the future. 

I t  has been known that inherited connective tissue disorders are associated 
with defects in collagen metabolism. Specific defects at molecular level and their 

phenotypic consequences have been shown in families with such inherited disorders. 
Restriction fragment length polymorphisms (RFLPs) have been identified within 
the coding region of COL2A1 (Vfiis/inen et  al. ,  1988). Palotie et  al. (1989) have 

reported a close linkage of COL2A! to familial osteoarthrosis. Additional linkage 
evidence for involvement of a locus close to or identical with COL2A1 has been pro- 

vided by the studies on a progressive, generalized osteoarthritis (Knowlton et aI., 

1989). More recently, Lee et  al. (i989) have also reported an association of 
spondyloepiphyseal dysplasia (SED) with COL2AI defects by detecting heterozy- 

gosity for a deletion of this gene in affected members of an SED family. Physical 

mapping of COL2A1 can generate new insights into analyzing the molecular defects 
of such genetic disorders. 
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