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seems to play a key role in the assembly of actin fila-
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Talin is a high-molecular-weight cytoskeletal pro-
ein, localized at cell–extracellular matrix associa-
ions known as focal contacts. In these regions, talin is
hought to link integrin receptors to the actin cy-
oskeleton. Talin plays a key role in the assembly of
ctin filaments and in spreading and migration of var-
ous cell types. Talin proteins are found in a wide
ariety of organisms, from slime molds to humans. The
uman Talin (HGMW-approved symbol TLN) gene was
reviously mapped to chromosome 9p, but little was
nown of its sequence and genomic structure. To char-
cterize human TLN further, we have isolated a single
acterial artificial chromosome clone, harboring the
ntire gene. The gene extends over more than 23 kb
nd consists of 57 exons. We have localized TLN to
uman chromosome band 9p13 by both fluorescence in
itu hybridization and radiation hybrid mapping.
orthern blot analysis detected TLN expression in
arious human tissues, including leukocytes, lung,
lacenta, liver, kidney, spleen, thymus, colon, skeletal
uscle, and heart. Based on its chromosomal location,

xpression pattern, and protein function, we consid-
red TLN as a candidate gene for cartilage-hair hy-
oplasia (CHH), an autosomal recessive metaphyseal
hondrodysplasia, previously mapped to 9p13. We se-
uenced the entire TLN coding sequence in several
HH patients, but no functional mutations were
etected. © 1999 Academic Press

Talin is a high-molecular-weight (;230 kDa) cy-
oskeletal protein (18). It is localized at focal contacts,
pecialized cell–cell and cell–extracellular matrix
ECM) associations that are characterized by the pres-
nce of filamentous actin at the cytoplasmic face of the
unctional complex (2). In these regions, talin is
hought to link integrins, a family of transmembrane
CM receptors, to the actin cytoskeleton (8). Talin

Sequence data from this article have been deposited with the
MBL/GenBank Data Libraries under Accession Nos. AF177198,
F178081, and AF178534.
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ents (2) and is also essential for spreading and mi-
ration of various cell types, including fibroblasts (15)
nd osteoclasts (12). The talin protein N-terminus
ead contains elements required for localization of
alin to cell–ECM junctions (16) and a membrane in-
eraction site (5), while the C-terminus tail contains
inding sites for several proteins, including b1-inte-
rin, actin, and vinculin (1, 3, 7).
Talin proteins are found in a wide variety of organ-

sms, from slime molds (11) to humans (4). Murine
alin cDNA (Accession No. X56123) is 8233 bp long,
ncoding a protein of 2541 amino acids. The human
alin2 cDNA sequence was recently published (Acces-
ion No. AF078828), and the gene was mapped to hu-
an chromosome 9p (6), but little was known of its full

equence and genomic structure. To clone the human
LN gene, we screened a human bacterial artificial
hromosome (BAC) library (Genome Systems, Inc., St.
ouis, MO) using the following PCR primers designed

rom TLN cDNA sequence (Accession No. AF078828):
9-GATGAGCTCAGTGACGGAAC-39 and 59-AAGACT-
CATCCGAATGACC-39; 960 bp; Tm 55°C. A single
AC clone, 280m21, harboring the entire TLN coding
equence was identified and partially sequenced using

shotgun sequencing strategy (21). Automated se-
uencing analysis was performed with dye-terminator
hemistry (Perkin–Elmer/Applied Biosystems Divi-
ion, Foster City, CA). BLAST searches with sequences
erived from this BAC revealed that in addition to
LN, it harbors the genes TPM2, Luman/LZIP, and

he last exon of the MN/CA9 gene (Fig. 1A). Compari-
on of BAC and TLN cDNA sequences revealed that
he TLN gene extends over more than 23 kb and con-
ists of 57 exons and 56 introns (Fig. 1B). Exon bound-
ries completely conformed to the classical 59-donor
nd 39-acceptor consensus rules (GT . . . AG). The TLN
oding region starts at base 34 of exon 2 and extends to
he first 126 bp of exon 57 (Fig. 1B).

Careful examination of TLN genomic sequence dis-

2 The HGMW-approved symbol for the gene described in this paper
s TLN.
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317SHORT COMMUNICATION
losed some discrepancies with the published cDNA
equence (GenBank Accession No. AF078828), includ-
ng the first 39 bp at the cDNA 59 end and several base
hanges along the sequence. These were confirmed by
equencing of PCR products derived from the adjacent
DNA regions. cDNA was synthesized from fibroblast
otal RNA, using random hexamer as primer and Su-
erScript II Reverse Transcriptase (RT) (Gibco BRL,
aithersburg, MD). cDNA samples were subjected to

FIG. 1. (A) Genes, polymorphic markers, and sequence-tagged s
ight. Relative locations of genes are represented by black boxes. Ma
nd TPM2 genes is marked by arrows. Orientation of TLN and Luma
ene. Coding exons are represented by black boxes; noncoding exo
-terminal domains of the talin protein are indicated. Sequences of t

TAB

Synthetic Oligonucleotide Primers Used for

Nucleotidesa 59-Primer sequence

48–663 59-GCA GCG CAG GTA TCG CCA G-39 59-G
612–1091 59-GAC CAT GGT CGG ACA CTG AG-39 59-C
965–1732 59-GTC CGC TAC GTG AAG CTA GC-39 59-T

1413–2012 59-GTG GAG CAC GGC TCT GTG GC-39 59-A
1944–2691 59-GTG TCG GAA CTG CTT CGC AG-39 59-C
2598–3285 59-GTC AAT GCC ATC AAG GCT GAT G-39 59-C
3234–3724 59-GAG ATG GAT TCT GCA CTG AG-39 59-G
3503–4150 59-GGC TGC GCT GAC ATC AGA TC-39 59-G
4009–4731 59-GCA TCT CCA TGT CTT CAA GC-39 59-C
4447–5232 59-ATA GCC AAG CTG GAC AGC AAG-39 59-G
5182–5931 59-TGC ACA CTG AGA TGC TGA CTG-39 59-T
5752–6469 59-AGC TGA CCA GTG ACT ATG GC-39 59-G
6321–6941 59-GTG GTG CTG ATC AAT GCA G-39 59-G
6607–7137 59-AAG ACT TCA TCC GAA TGA CC-39 59-T
6996–7705 59-GTC ATT GCT GAG AAT GAG CTC C-39 59-T

Note. The sequences of the synthetic oligonucleotides are tabulated
CR.

a Nucleotide position in Accession No. AF177198.
CR amplification with specific TLN primers (Table 1).
he revised cDNA sequence and the genomic sequence
ere deposited with GenBank (Accession Nos.
F177198, AF178081, and AF178534).
The human TLN gene was previously mapped to

hromosome 9p (6). To refine its chromosomal localiza-
ion further, the 280m21 BAC clone was nick-trans-
ated (17) and used for fluorescence in situ hybridiza-
ion (FISH) on a metaphase preparation from

s (STS) in the 280m21 BAC clone. Telomere on left, centromere on
rs and STS are represented by arrowheads. Orientation of MN/CA9
ZIP was not determined. (B) Genomic structure of the human TLN
are represented by white boxes. Gene regions coding the N- and
xon/intron boundaries are available from the authors upon request.

1

mplification and Sequencing of TLN cDNA

39-Primer sequence

Product
size
(bp)

Annealing
temperature

(°C)

GCA GCG TCT CGT GCT CC-39 615 60
GGT GAT GCC CAG AAG CCT G-39 479 55
ACC TGA GAG TGG ATC TC-39 767 55
TGC TTG CAG CAG GTT CTG-39 599 60
TGG CAT CAG CTA GGA TC-39 747 55
GTA GGT CTT TCT CTA G-39 687 55
TTA TCC ACA TCG CGC TG-39 490 55
CAC ATG GTG ATG AGC TG-39 647 55
CTA GCG CCT TGA TGG TC-39 722 55
CAA TGA GAT GGG AGA TC-39 785 60
TGG TGT AGG CAT CAC TG-39 749 50
GTC ACA TTG GTC ACC ATC-39 717 55
GAG CTC AGT GAC GGA AC-39 620 60
CAG CTT CTA GTA TCT GC-39 530 60
CGA AGC TCT GAA GGC AG-39 709 60

ng with the product sizes and annealing temperatures used for each
ite
rke
n/L
ns

he e
A

CA
TT
CT
GC
TG
CT
CA
TG
AT
CT
CT
AT
AT
GG
CT

, alo
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318 SHORT COMMUNICATION
eripheral blood (13). Signals were clearly visible, after
ntibody detection and inverted DAPI banding, as
ymmetrical spots on chromosomal bands 9p21–p13,
n both copies of chromosome 9 (data reviewed but not
hown). No specific signal was obtained in any other
hromosomal region. For further assessment of TLN
hromosomal localization, we screened 83 cell lines
rom the Stanford Human Genome medium-resolution
G3) human/rodent radiation hybrid (RH) panel, with
he same PCR primers used for BAC library screening.
nalysis with the RH mapper server (Stanford Human
enome Center: http://www-shgc.stanford.edu/RHindex.
tml) revealed that the gene is located on human chro-
osomal band 9p13, tightly linked to the marker
HGC-36744 (lod score 5 12.38), between the markers
9S163 and D9S1874.
The TLN expression pattern in human tissues was

nalyzed by Northern blot hybridization. TLN expres-
ion was detected in most tissues examined (Fig. 2).
We mapped TLN to an interval on chromosomal

egion 9p13 in which the cartilage-hair hypoplasia
CHH) locus was previously located (19). CHH is an
utosomal-recessive disorder, prevalent among the Old
rder Amish in the United States and in the Finnish
opulation, characterized by short stature, hypoplastic
air growth, T-cell-mediated immunodeficiency and
dditional hematological abnormalities, and increased
isk of malignancies (14). TLN plays essential roles in
oth lymphocytes and bone (12). Moreover, Wistar
urth rats, which have a mutation in the Tln gene (9,
0), present a defect in platelet formation and an in-
reased malignancy risk (10). We thus considered TLN
s a candidate gene for CHH. To test this hypothesis,
he entire TLN coding sequence of two unrelated CHH
atients was sequenced. cDNA derived from cultured
broblasts from the two patients served as a template
or PCR with TLN-specific primer pairs (Table 1). Se-
uencing of the PCR products detected no functional
utations in the TLN coding sequence of these pa-

ients, while Northern and Western blot analyses in-
icated that both had normal levels of TLN mRNA and
alin protein (data not shown), thus excluding the pos-

FIG. 2. TLN expression pattern in human tissues. A multiple-
issue Northern blot (Clontech, Palo Alto, CA) of poly(A)1 mRNA
xtracted from 12 human tissues (peripheral blood leukocytes (Bl
euk), lung (Lng), placenta (Pl), small intestine (S Int), liver (Lv),
idney (K), spleen (Sp), thymus (Tm), colon (Col), skeletal muscle
Sk Ms), heart (H), and brain (Br)) was hybridized with a 32P-labeled
00-bp TLN-specific probe. TLN expression (8.2-kb transcript) was
etected in most tissues examined. G3PDH served as an internal
ontrol.
egulatory element, which would result in an altered
xpression level. Studies of Amish, Finnish, and spo-
adic CHH families demonstrated evidence for genetic
omogeneity of CHH (20), suggesting that all CHH
atients harbor mutations at the same locus, located
n human chromosome 9p13. We thus conclude that
LN is not a likely candidate for CHH.
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