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Wuh CONFEnsUS primers bused upon the nucleotide sequenc& of he chieken ul(X} coHngen genn. we have wsed PC:R wnh humnn unnmm DNA
asemplate to isolate i 289 bp fragnment coding for part of (he carboxyt non-teiphe helical demain of the human al{(X) gene, We huve demonstiited
the presence of the sequence of the PCR elone within the human genome by purtial sequence analysis of a1 kb Hindl 1] genemie DNA, frugment
that Biybridized with the PCR ¢lone. Furthermore, using the PCR ¢lone us # prahe for In-situ hybridization of humsn metaphase chromaseme .
. spreads, and. for Southern analysis of 8 panel of human=hamster somalic cell hybrid DNAS, we have assigned |he lacus for. lhe al(X) gene 10 -
_ ‘ ‘ lhe q21-q22 rcgmn al human chromosomc b,

© Cellagen: Human type X: Nnclcoude sequence; Chromosom:tl-!omiir.mion

1. INTRODUCTION

Type X collagen, a product of hypertrophlc chondro- '
cytes in regions of endochondral ossification, belongs

“to'a distinet class of collagens de51gnated short-chairi

collagens [1,2]. Molecules in this class contain subunits .

‘with a short-triple-helical domain of about 450 amino
acid residues {lanked by amino- and carboxyl- tormmal
'globular domains. Their polypepnde subunits are en-
coded. by genes with a unique éxon structure; a distinct

feature is the presence of a large éxon that encodes the

entire triple- hehcal and tho carboxyl termmal globular
domains [3]. :
Three members of the short-chain’ collagen gene

family have been identified and cloned, Two of these -
members, COL8A1 and COLBA2, encode polypeptides -

‘(a'l(Vlll) and o2(VIIT), respectwely), that form hetero-
or homotrimeric type VIII collagen molecules syn-
“thesized by vascular and corneal endothelial cells [4-6].

The third member, COLI0AL, codes for the polypep-
tide subunits (@ 1(X) collagen chains) of homotrimeric
type X collagen molécules in hypertrophic cartilage [7].

* Portions of the a1(VIII) and «2(VIII) collagen genes
have been isolated from rabbit; mouse, and human .
libraries and the two genes have been localized to the
-human chromosomes 3 and 1 respectwely {5,8]. For

‘el (X) collagen only the chicken and bovine genes have

been reported [3,7,9]. The lack of hurman probes is un- -

fortunate because the restricted expression of type X
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" collagen suggests that it may play an important role

during chondrocyte hyperirophy and endochondral

- ossification. Abnormalities in the structure or expres-

sion of type X collagen may therefore be- associated.
with chondrodysplasias and other diseases of cartilage,
such as osteoarthrosis, To provide the basis for mole-
cular studies of the involvement of type X collagcn in.

these conditions, we have isolated and sequenced a .

fragment of the human 2rl(X) collagen gene, and deter-
mined that the COL10A! gene is locatcd on: the long
arm of chromosome 6 ‘

2 ‘MATERIALS AND METHODS

Human D‘NA‘was brcparcd from periphei'al blond‘l"cuk‘ocylcs bya .
standard procedure [10].- The DNA was used as templaté:in the

‘po!ymeras» chain_ reaction’ (PCR) with the '5' sense primer §' =
ACAGCAACACTATGATCC 3" and 3/ antisense primer. 3° ACC- .-
TGAGAAAGAAGAATGAACATA 3. The oligonucleotide primers -

were synthesized on a Milligen. Cyclone DNA synthesizer. After
deblocking with WH4OH. the.y were used in the PCR reacllon without

further purification,’
- The nucleotide sequences of the pnmcrs were selccled based on the o
“observation that the'rabbil, mouse, and hiiman al(VllI). mouse and
human aZ(VIH), and chicken a1(X) chains contain llighly conserved - -

- regions (both at the amino acid and nucleotide levels) within their

non-triple-helical carboxyl terminal globular (NCl)domams [5]. Two .

‘of these regions were therefore chosen for primer synthesis. Genomic
" DNA was used as template becausé all shori-chain collagen genes:
" isolated so far have no introns within the region that codes for the tri- -

ple-helical and carbmyl termninal globular domains, -

The two primers were used for PCR with Thermus aquaticus (Taq)
polymerase (United States Bloch_emlcal) The mixture of template (1
ARY, primers (1 M final concentration), dNTPs (200 4M final concén-

‘tration) and reaction buffer (10 mM. Tris-HCl, pH 8.3, 50 mM KCl,. 1. "_

1.5 mM MgCI;, 0.0015, gelaun) {reagents from United States
Bmchcm:ml), was first heated to 95°C for 5 min and chilled on ice. -

© 2.5 units of Tag polymerase (United States Biochenlical) were added,
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ﬁnd Wity PCR oveter were pﬂiarmm with Programmable Dri-Block -

tTeehng Ine., Prineeton; Juncden, NI The condivdons were

denaturation wi 957C for | min, asnealing ul 43°C for 1.5 mis, éxten

san ar 839C for | min, with & fina} extenslon, at 63%C far 3,5 min. The

POR-produtis were extracied ance with: phenolzeMorofonm, sthangl ‘
procipitated, and’ phosphoryiated using £, coli T4 kinase (Unied

Sinies chhemml) and ATP. They were subsequently methylated
with. EeaRl methyiaie (New England Biclabs), ligaied 1o syniherie

Feoll inkerx, digened with BeaR1 and Tractionated by elecirophes

resls through 2% ngarese. The frastion contalning = 100 bp-lony pre-
duets (the expecied size & 1he e 1(X) product, baved on ¢ompatison

with the ehicken L (X) sequience) was eluted from the gel using the
Cengelean kit and cloned into EcoR1-digested Xgt10 (Straagene). The !

resuliant recombinans, were packaged with *Glgapack phu‘ packag-
Ing exiraciy [Slmmséne) and piated anto £ ¢all urdin €600
(Srratagene). This  phage’ library was then sereened. by plague
hybridization, using uuplicate filter 1113, As probe, u 180 bp

Peul 2Pzl fragment of the ¢hick cDNA clone p¥YNILIG [7] was

Mabelled with 2P using a random-primed Jabelling kit (United States

Biochemictil), Fillers were prehybridized far 2 b in 20% {v/¥) for-

mamide, 1 M NaCl 0.05 M PIPES, 1% (w/v) 5DS, 0.1% wiv
shieared salmon sperm DNA and hybridized for 36 h with 10 ¢pm of
labelled probe In a fresh change of hybridization fluid at 42¢C, The

nitrocellulose fillers were washed at 424C in 3 % 88C, 0.5% (w/v) SDS.

and placed onto Kodak X-Omax R film far auoradipgraphy. 10.000

plagues were screensd, DNA from. one positive ¢lone, SARIO was
purified, and the 300 bp insert of SADLQ was ¢xcided with EcoRl,
subclaned into pBluescript (Stratagene) to generate pSAhLQ, and into

M1ImplY far the preparation of ssDNA- for nucleotide sequencing,

" Nucleotide sequence analysis 'of pSATO was performed with the -

dideoxy. nueclectide chain-termination technique [11). Analysis of the
sequence dala was done using programs available through the Na-

tional Ingtitites of Health-supported Molecular Biology Computer

Research Resource of the Dana-Farber Cancer lnsmutc/Harvwrd
Schadl of Public Heéalth,

The insert of pSAKLD was also used as “P labelled: probe for
Southern blot analysis of human genomic DMNA digested with Hind-
I, A'single hybridizing band in the #indl1l digest of genomic DNA
approximately 1 kb in size was ¢luted from an agarose gef and cloned
into the Xbel site of AZAP (Stratagene), after the ends of vector and

insert had been rendered compatible by partial fill-in using Klgnow,

polyrnerase. Recombinants were packaged as described above, and
the resultant library was plated onto XL1-blue host cells (Stratagene).

‘Dupllca:e filter lifts ‘were hybridized 1o the ¥*P- labelled insert of

pSAhI0 overnight as described above and washed in 0.2 x S8C, 0,5%
SDS at §5°C. 15 000 plagues were screened, and the insert of one
pomwe clone was rescued into pBluescript by in vivo excision to
gmerme the recombmam plasm:d clona pSAhng Nucleoude sequer-
.cmg was performed as already described,

For determination of the chromosomal location of thc al(X) gene.

in situ hybridization wascarried out'on chromosome preparations ob-.

tained from phytohemagglutinin-stimulated - peripheral blood ‘lym-
phocytes cultured for 72 h. 5-Bromo-deoxyuriding was added for the
final-7 h of culture (80 ug/m) of medium), to ensure a posthybridiza-

tion chromosomal banding of good quality. pSAh1O, conmmmg the

‘insert ¢loned in pBluedeript, “was labelled with tritium by nick-
translation to a specific activity of 1.7x '10® dpm/ug, The radiolabell-
"ed probe was hybridized lo metaphase spreadsal a final concentration
of 25 ng/ml of hybridization solution as described [12]. After coating
with nuclear track emulsion (Kodak INTB2), the slides were exposed
for 14 days at 4°C, then developed. To avoid slipping of silver grains
during the banding procedure, the chromosome ‘spreads were first
stained with buffered Giemsa solution and metaphases photograph-

ed, R-banding was then performed by the fluorcchrome-photolysis~

Gxemsa method and metaphases rephotographed before analysis. .
The-insert of pSAKI0 was also uséd as **P-labelled probe for

.Southern tlot analysis of DINA isclaled from a series of human- . -

harmnster somatiz cell hybrids and digested with Hindil1. The genera-

Ction and cnara*temanon of these hybrids has been descnbed-

eIsewhere 13, 14},
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The FCR npproach used here is based on !he ﬂndmgi
:hm_(i) the shart-chaln collagen genes contain atarge ex-
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Flg. l (A) Diagram showmg the posmon of pSAth refative to the

© genomic clone pSAhlIDg. Also shown is the nucleotide and derived

amino acid sequence encoded by the 5' end of pSAhI0g. Note that
this sequence overlaps and extends (in the 5’ diréction) that of
pSAl10, Theoverlap with pSARL0is indicated by a series of dots. (By
Nucleotide sequence of pSAh10 and the deducéd amino acid-se-

‘ quence,‘represeming ‘the carboxyl-hall of the C-terminal domain of
-human o 1(X) collagen, Sequences corresponding to the PCR primeis.

ar‘e‘shawn in Jower case Jetters. The overlap with pSAn10g is indicated

by a series of dots. {C) Southern-blot analysls of human genomic

DNA digested with Hindill and probed with pSAh10. On the rlghl
: ‘are shown the posntwns of 512e markers.
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unﬂm‘emding'tﬁhe entire triple-helical and ezxrbdnyla ‘
terminal globular domains, and (i) the carboxyl 75% af:

the globular domain show a very high degree of se-

quence conservation, even at the nucleotide level (5).

Consequently, primers from within ‘these conserved
regions used for PCR with’ genotmic DNA as template,
should in principle allow isolation of fragments-of all

the genes that belong to this family. We have recently
used this approach to isolate the mouse and human

a2(VILL) collagen- genes [5}, and we report here the
isolation af a fmgmcm of the human al(X) collagen
gene,

The nucleotide sequenee of the cloned PCR- product
pSAh10 and the amino acid sequence for which it codes
are shown in Fig. 1B, A comparison of the nucleotide
sequence: of pSAhLD (excluding the sequence of the

primers) with those of the human e l(VIIT) and a2(VIL)

collagen genes (5,8}, shaws 61% and 64 % identities. In
contrast, the identity with the chicken ar1({X) sequence
at the nucleotide level is 76%. At the amino acid levet,
pSAth is 87% identical to chicken a1(X). Nucleotide

and amino acid homologies with the recently published -

bovine e 1{X) sequence {9] are even higher, being 83%
and 92.7% respectively. This is much higher than the
nucleotide identity between human o1(V1II) and human
&2(VIIIY in the same region, 73% (5,8]. We conclude
therefore that pSAh10 represents a portion of the
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human erlEX) «.olluaen gene, mendins the cmbmy!-lmlr

“of NCY.

“The mséﬁ of pSAth hybridized to'a single band in -
Hindlll digested human DNA (Fig. 1C). Cloning of the:

human bend in AZAP and sereening of the resuftant
“library resulted In the isolation of the ¢lone pSARIOE. . -
Partial sequence analysis of pSAhlOg demonstrated .
* that the sequence of pSAhLD was contsined within it -

and that pSAh10g covers the 3' end of the human
al (X) collagen gene (Fig. 1C). Thus, the sequence we
have cloned using PCR is represemed in the human
genome. ' !
“To determine the LhramosamAI locmmn of theal(X)
gene._pSAth was used as probe for in situ hybridiza-

- tion of chromosome spreads. 200 metaphase cells were
examined and: 323 silver’ graing were found to bz

associated with chromosomes. OF these, 70 grains were
associated with chromosome 6, The distribution of

‘graing on this chromosome was not random; 61,4%
(43770 grains) mapped to the {q21-922) region of the
long arm, with a maximum in the 6q21 band (Fig. 2).
‘Further support for the localization of the human

al(X) gene to the long arm of chromosome 6 came
from Southern blot analysis of DNA isolated from a
series of human-hamster somatic cell hybnds. the probe
hybridizing only to those hybrids which - contained
chromosome 6q (data not shown).

Fig 2. Ideogram demonstrating the distribution of silver grains localized on chromosome 6 by in situ hybridization.
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On the basis of :hcse* fmdinm we conclude that the
human a1(X) c.o!lagcn gene s located within the

6021-6¢22 bands of the human genome, Two other col-

tagen genes have also been mapped to chromasome 5.
The a2(XI) collagen gene, COL1IAZ, has been mapped
to 6p212 region (L8], while the #1(1X) gene COLIAL,

has been mapped to 6gl2-6¢l4 [18]. The three probes
should be useful for lmkage stucdies of henmble

dlsorders af s:arnlagé
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