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Abstract

Sixteen CC chemokine genes localize to a 2.06-Mb interval at 17q11.2—q12 on genomic contig NT_010799.13. Four of these genes
comprise two closely related paralogous pairs: CCL3—CCL3L1 and CCL4—CCL4L1. Members within each pair share 95% sequence identity
at both the genomic and the amino acid levels. One BAC clone (AC131056.5) on the contig with substantial internal sequence duplication
contains two complete copies of CCL3LI and CCL4LI and one truncated copy of CCL3LI, while a partially overlapping clone
(AC003976.1) contains one copy each of CCL3 and CCL4. Dot-matrix comparison of the regions of AC131056.5 with those of AC003976.1
containing the four genes reveals 90% sequence similarity over 37 kb. These observations support the idea that the multiple copies of
CCL3LI and CCL4L]I present in a single diploid genome are the result of segmental duplication.

© 2003 Elsevier Inc. All rights reserved.

Chemokines are a family of low-molecular-weight poly-
peptides that signal through seven-transmembrane, G-pro-
tein-coupled receptors. These cytokines regulate a vast array
of inflammatory and homeostatic processes, including leu-
kocyte chemotaxis and degranulation, lymphopoiesis, an-
giogenesis, and tumor growth [1—-3]. About 50 chemokine
genes are now known and are assigned to four subfamilies
based upon the numbers and positions of conserved cysteine
residues. The two major subfamilies include the CXC or «
subfamily, in which the first two cysteines are separated by
an intervening amino acid. The 15 genes in this group (with
the exception of CXCLI2) are clustered at chromosome
4g21. Members of the CC or P subfamily contain two
adjacent cysteines, and 16 CC genes have been assigned
to a 2.06-Mb interval on contig NT_010799.13 at 17q11.2—
q12 while the remaining 8 are dispersed to chromosomes 2,
7,9, and 16 [2]. The high degree of structural and functional
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similarity among these genes argues for a series of dupli-
cation events in their evolutionary histories.

Included among this group of 16 genes on chromosome
17 are two very closely related pairs, CCL3—CCL3LI and
CCL4—CCL4L1. Members of each pair exhibit 95% nucle-
otide similarity at the genomic level and encode very similar
proteins (CCL3 and CCL3LI are identical at 88 of 93
residues [4], CCL4 and CCL4LI are identical at 89 of 92
amino acids [5]). Functionally, these four proteins are
known to bind the CCRS receptor and limit in vitro
infection of cells by HIV-1 [6—9]. Thus, the exact delinea-
tion and precise localization of these four genes are neces-
sary to evaluate them in genetic studies aimed at identifying
mutations involved with disease.

During the discovery and validation of single-nucleotide
polymorphisms (SNPs) in and around these four genes, it
became apparent that certain primer pairs were amplifying
more than one genomic template [5]. This prompted an
analysis of the genomic clones and genomic assembly for
these genes. A genomic reference sequence for each gene
CCL3, D90144 [4], CCL3LI1, D90145 [4]; CCL4,
AC003976 (AC003976 was identified from the original
CCL4 cDNA sequence J04130 [5]); and CCL4L1, X53682
[10]) was used to query the NCBI, Celera, and UCSC human
genome databases using BLAST or BLAT. Each gene may
be distinguished based upon nonsynonymous substitutions
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([4,5] and Supplement 1). Multiple alignments were pre-
pared for all four genes (Supplement 1). This is particularly
important for CCL4L 1 since it is not recognized as a distinct
gene by the UCSC browser.

Nucleotide variation within a gene ranged from 0 to
1.0% (Supplement 2). The nonsynonymous substitutions
distinguishing CCL3 from CCL3LI! and CCL4 from
CCL4L]I are fixed in all sequences with the exception of
one nucleotide in CCL3 (Supplement 1). These findings
reinforce an earlier conclusion that CCL4 and CCL4L1 are
distinct genes having no other close relatives in the human
genome [5]. Intragenic variation is presumably attributable
to sequencing error, single-nucleotide polymorphism, and
copy number differences.

CCL3 and CCL4 were found together on clones
AC069363.10 and AC003976.1, being 11,891 bp apart on
AC003976.1. One or more copies of CCL3LI and CCL4LI
were found on four clones, AC131056.5, AC036181.3,
AC139367.2, and AC130293.3, being 12,552 and 12,557
bp apart on AC131056.5. CCL4 and proximal CCL3L] are
90 kb apart on contig NT_010799.13 (Fig. 1). Of the latter
four clones only AC131056.5 has been completely se-
quenced; the others contain draft sequence of unordered
pieces. AC131056.5 was analyzed in further detail.
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The July 2003 UCSC browser indicates that AC131056.5
contains two complete copies of CCL3L1, and the GenScan
predictions NT_010799.243 and NT_010799.247 (Fig. 1).
Correct splicing and translation of NT_010799.243 and
NT_010799.247 reveals that they encode the functional
CCLA4L1 protein (Supplement 1) and that the gene name
CCL4L1 should apply to these sequences. Further analysis of
AC131056.5 also identified a truncated copy of CCL3LI
(Fig. 1, Supplement 1). Since AC131056.5 contains multiple
copies of CCL3L1 and CCL4L1, different pieces of this clone
were aligned with itself to look for internal duplication.
Nearly half of this clone exhibits a high degree of internal
similarity (Fig. 2). This pattern of internal similarity was also
apparent when the unordered pieces of AC036181.3 were
compared with themselves and with AC131056.5 (not
shown).

Next, since the section of AC003976.1 containing CCL3
and CCL4 and that of AC131056.5 containing CCL3L/ and
CCL4L1 are known to share sequence similarity, dot-matrix
analysis was used to compare the entire sequences of
ACI131056.5 (194 kb) and AC003976.1 (124 kb). Two
regions of AC131056.5 (approximately 19-64 kb and
133—-175 kb from the beginning of the clone) were similar
to a region of AC003976.1 (20—60 kb) with at least 90%
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Fig. 1. Molecular map of partial NT_010799.13 contig from the July 2003 UCSC browser. Upper diagram illustrates overlap between three completely sequenced
BAC clones. Middle section positions CC chemokine genes, with orientations indicated by arrows. The UCSC browser does not list CCL4L! as a RefSeq Gene,
but rather as NT_010799.243 and NT_010799.247 GenScan predictions. The truncated copy of CCL3LI (not in the UCSC browser) starts 39 bp downstream of
exon 2 in intron 2 and continues through the 3 UTR. Lower section presents amino acid alignments with differences between paralogous genes in lowercase and

underlined.
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Fig. 2. Internal duplication within clone AC131056.5 (analyzed using Sequencher Software, Gene Codes, Inc.). Map above the arrows shows the positions of
four regions labeled A—D. Below the arrows is a multiple sequence alignment in which comparisons A vs B, A vs C, and A vs D each present 99% sequence
identity, exclusive of length variation in microsatellites. Region A spans AC131056.5 from bp 1 to 96,800, region B from 129,183 to 193,640, region C from

96,800 to 129,000 and region D from 189,281 to 193,640.

similarity (Fig. 3). This similarity includes all four genes
and intervening DNA.

The high level of similarity between AC003976.1 and
AC131056.5, common gene strand orientations, comparable
intergenic distances, and amino acid similarities between
CCL3—-CCL4 and CCL3L1—-CCL4L1 strongly argue for seg-
mental duplication as a mechanism responsible for the origin
of one of these gene pairs [11]. Using Southern blotting and
quantitative PCR, it was recently shown that the copy number

AC131056.5
CCL4L1

CCL3L1

AC003976.1
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Fig. 3. Dot-matrix analysis (from DOTER [13]) of clones AC131056.5 (bp
18,620 to 63,626) and AC003976.1 (bp 20,325 to 60,378) with average
similarity about 90% over the entire interval.

per diploid genome of CCL3L1 and CCL4L1 varies between 0
and 6 in a population of Europeans [12]. The haplotype
arrangements or chromosomal locations of the duplicate
copies were not reported. This observed copy number varia-
tion is supported by the present study, which found that two
complete copies of each gene and one truncated copy of
CCL3L]I are present on the AC131056.5 haplotype. Of the
other three clones containing both genes, only AC130293.3
has more than one copy of either (it has two copies of
CCL3LI). AC131056.5 and AC130293.3 are both from
library RP11 but exhibit minor sequence divergence (Supple-
ments 1 and 2) so that they may represent different haplo-
types. Further, preliminary SNP genotyping results (Modi et
al.) suggest that different copy numbers exist between Euro-
pean Americans and African Americans, indicating that the
overall pattern of duplication in the human species may be
quite complex. To understand fully the genomic organization
of these duplicate genes, it will be necessary to carry out
genomic mapping/sequencing of additional haplotypes con-
taining different gene arrangements/copy numbers.
Databases referred to in this article are at the following
URLs: University of California at Santa Cruz, http://
genome.ucsc.edu/index.html?org=human; National Center
for Biotechnology Information, http://www.ncbi.nlm.nih.
gov/; and Celera Genomics, Inc., http://www.celera.com/.
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