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Abstract

Histidyl-tRNA synthetase catalyses the covalent ligation of histidine to its cognate tRNA as an early step in protein biosynthesis.

In humans, the histidyl-tRNA synthetase gene (HARS) is oriented opposite of a synthetase-like gene (HARSL) that bears striking

homology to HARS. In this report, we describe the genomic organization of the HARS/HARSL locus and map multiple transcripts

originating from a bi-directional promoter controlling the differential expression of these genes. The HARS and HARSL genes each

contain 13 exons with strong structural and sequence homology over exons 3–12. HARS transcripts originate from two distinct

promoters; a cluster of short transcripts map 15–65 bp upstream of the HARS ORF while a single, longer transcript (352 bp 50-UTR)

maps to a distal promoter. Similarly, multiple HARSL transcripts (mapping 10–198 bp upstream of its ORF) are produced by the

shared bi-directional promoter. Human and rodent HARS/HARSL loci are homologous and support a model of inverted gene

duplication to explain the emergence of HARSL during mammalian evolution. � 2002 Elsevier Science (USA). All rights reserved.
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The aminoacyl-tRNA synthetases (aaRSs) comprise a
ubiquitous family of structurally and functionally re-
lated enzymes that play a fundamental role in synthe-
sizing the full complement of charged aminoacyl-tRNAs
as an early step in protein biosynthesis. Besides their
critical housekeeping functions, it has become increas-
ingly recognized that various aaRS gene family members
play important roles in many physiologic processes be-
yond protein biosynthesis. Non-traditional aaRS func-
tions include regulation of RNA transcription, splicing,
and translation as well as cytokine activities upon pro-
teolytic cleavage during apoptosis [1–3].

Histidyl-tRNA synthetase (HARS), the enzyme that
synthesizes His-tRNA, is one member of the aaRS gene
family that has been well characterized in a variety of
species including humans, owing in part to its targeting
by autoantibodies in patients with the autoimmune
muscle diseases polymyositis and dermatomyositis [4–6].
In humans and rodents, the HisRS open reading frame

(ORF) is preceded by a bi-directional promoter that
coordinates the transcription of multiple mRNAs in
opposite directions [7,8]. Our laboratory has more re-
cently identified the opposite-strand transcript in hu-
mans as a close structural homologue of HisRS [9]. This
synthetase-like gene (HARSL), formerly termed HO3,
shares approximately 74% nucleotide sequence identity
with the ORF of the HisRS gene (HARS). Despite their
similarity, the HARS and HARSL genes have a prom-
inent point of divergence within regions encoding the
amino-terminal domain of the respective polypeptides
(approximately 18% identity over the first 60 aa). While
the function of the HARSL protein is unknown, HARS
and HARSL transcripts exhibit very distinct patterns of
gene expression in a variety of human tissue and cell
types [9,10]. Curiously, in 293T cells, the HARSL
polypeptide has been shown to localize to both the cy-
toplasm and nucleus and form specific complexes with
HIV matrix protein thereby playing an important role in
virion assembly [10].

In humans, a bi-directional promoter is positioned
within a 344 bp intergenic sequence separating the
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HARSL and HARS ORFs [8,9]. This GC-rich domain
lacks identifiable TATA boxes and other canonical ele-
ments of RNA polymerase II promoters and appears to
initiate the synthesis of multiple transcripts with varying
lengths of 50-untranslated region (50-UTR) [8]. Mapping
promoters with multiple transcriptional start points
(tsp) by traditional methods (i.e., primer extension and
nuclease digestion) is often confounded by the inability
to distinguish full-length transcripts from various
methodological artifacts such as incomplete extension
and/or degradation products [7,11]. To overcome these
limitations, we have employed a novel, high-resolution
tsp mapping technique, RNA ligase-mediated rapid
amplification of cDNA ends (RLM-RACE), to selec-
tively amplify and sequence directly the 50 ends of full-
length, gene-specific transcripts [12,13].

In this report, we describe the complete genomic
organization (intron/exon structure) and high-resolution
tsp mapping of the human HARSL/HARS bi-direc-
tional locus. In addition, a comparison of corresponding
rodent and human loci suggests strong evolutionary
conservation of HARSL and HARS gene products and
further supports a recently proposed model of inverted
duplication for the emergence of the HARSL gene.

Materials and methods

Bioinformatics. The genomic organization (intron/exon boundries)

of the HARSL and HARS genes was determined by screening a human

genomic database (www.doubletwist.com) with the respective full-

length cDNA sequences (Accession Nos. NM_012208 and NM_00

2109). The position and size of corresponding introns and exons were

predicted using Doubletwist’s Genomic Viewer software (Ver 3.2) on a

human chromosome 5 BAC clone (119j3 LBNL H175; Accession No.

AC005369). Alignments of cDNA and corresponding genomic exonic

sequences were manually edited to determine precise splice site donor

and acceptor sites according to established consensus using the human

section of the GENIO/seq database (http://genio.informatik.uni-stutt-

gart.de/GENIO/splice/). The corrected genomic map was identical to

and validated corresponding loci within the most recent build (No. 28)

of the NCBI human chromosome 5 working draft sequence as viewed

by LocusLink (Accession No. NT_006447). Nucleotide sequences

spanning the predicted 50-UTR of the HARSL and HARS genes were

used to screen the human expressed sequence tag (EST) database using

BLAST (www.ncbi.nlm.nih.gov/blast/). Nucleotide and amino acid

alignments between corresponding HARSL and HARS gene sequences

(human and murine) were performed using Vector NTI AlignX soft-

ware (Ver 7.1). Gene-specific PCR primers were designed using Vector

NTI oligonucleotide design software (Ver 7.1).

Transcriptional start point mapping. A commercially prepared hu-

man kidney RLM-RACE cDNA library (Ambion, Austin, TX) was

screened for full-length 50-UTR sequences using a combination of

adapter and gene-specific primers as described below. Briefly, oligo-

dT-purified mRNA was treated to remove 50-phosphate groups from

incomplete or fragmented transcripts. The 50 cap structure protecting

full-length transcripts from dephosphorylation was subsequently

removed to expose underlying 50-phosphate acceptor groups. A syn-

thetic RNA adaptor sequence was ligated exclusively to the 50 end of

phosphorylated full-length transcripts prior to random-primed cDNA

synthesis. The resulting 50 adaptor-modified cDNA library was PCR

amplified using primers complementary to adaptor and gene-specific

sequences (HARSL and HARS) according to manufacturer’s recom-

mendations (50 RLM-RACE Adapter 50-gctgatggcgatgaatgaacactg-30;

50 RLM-RACE Adapter (nested) 50-cgcggatccgaacactgcgtttgctggcttt-

gatc-30; 30 HARSL 50-tctgcaacctggctttggcaac-30; 30 HARSL (nested)

50-ccaggccctcctgggaagaagtcc-30; 30 HARS (short transcripts) 50-aacacc

ttctcgcgaactgccatc-30; 30 HARS (short transcripts, nested) 50-tttcatcagg

acccagctgtgcct-30; 30 HARS (long transcript) 50-tcgtgactagtgaggtgcgcaa

ac-30; 30 HARS (long transcript, nested) 50-cctggtgtctgacccgcctccttc-30).

Primary PCR amplification reactions were performed using antisense

gene-specific primers (HARSL and HARS) mapping immediately

downstream of the respective translational start codons (the HARS

long transcript primer was positioned 198–222 bp upstream of the

HARS start codon). Primary amplifications (50ll) were performed for
a total of 35 cycles at an annealing temperature ðTaÞ of 60 �C. Primary
amplification products (2ll) were subjected to a second round of PCR
(35 cycles; Ta ¼ 62 �C) using nested primers to ensure specificity and

adequate yield for analysis. Secondary amplification products were

size-fractionated in 2% TBE agarose gels, stained with ethidium bro-

mide, and scanned on a Typhoon model 9200 fluorescent scanner

(Amersham Pharmacia, Piscataway, NJ). Amplification products were

gel-purified, ligated within the pCR 2.1 T/A cloning vector (Invitrogen,

San Diego, CA), and sequenced subsequently on an ABI model

377 automated DNA sequencer as described previously [14].

Results

The genomic organization of the human HARSL/
HARS locus (chromosome 5 position q31.3) was
determined as described in Materials and methods. As
shown in Fig. 1A, both the HARSL andHARS genes are
comprised of 13 exons spanning approximately 7.9 and
17.4 kb, respectively. HARSL and HARS intron/exon
splice site junctions conformed to known consensus se-
quences and mapped between in-frame codons with the
exception of intron 8 (Figs. 1B and C, respectively). A
comparison of HARSL and HARS genomic structure
revealed strong conservation of exon size (bp) and pri-
mary sequence homology (nucleotide and amino acid) for
exons 3–12 despite considerable variations in the sizes of
corresponding introns and 30-UTRs (see Table 1). For
exons 4, 6, 7, 9, and 10, amino acid sequence similarities
exceeded 90%. In contrast, significant sequence variation
was observed between polypeptide coding domains in
exons 1, 2, and 13 (amino acid sequence similarities of
20.5%, 40.0%, and 43.5%, respectively).

The detection of murine homologues for HARSL and
HARS (Accession Nos. NM_080636 and NM_008214,
respectively) suggests that the emergence of the HARSL
gene preceded the evolutionary divergence of humans
and mice, which has been estimated at approximately
100 million years ago [15]. As shown in Table 2, amino
acid sequence alignments of human and murine HARSL
and HARS polypeptides revealed high degrees of ho-
mology both within and between species. Together,
these data illustrate the strong evolutionary conserva-
tion of both HARSL and HARS genes.

In an effort to better define the human HARSL/
HARS bi-directional promoter, we mapped multiple
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transcriptional start sites using a novel, high-resolution
technique, RLM-RACE, designed to selectively amplify
the 50-UTR of full-length, capped mRNAs. As described
in Materials and methods, we amplified the 50 ends of
full-length HARSL and HARS transcripts from a
human kidney cDNA library; a tissue previously
determined to express high steady-state mRNA levels of

both HARSL and HARS [9]. Nested amplifications of
HARSL and HARS transcripts using primers posi-
tioned downstream of the corresponding translational
start codons (+13–36 and +125–148 relative to the
(+1)ATG, respectively) detected multiple mRNA species
with varying lengths of 50-UTR mapping within the
shared bi-directional promoter region (Fig. 2, lanes 2

Fig. 1. Genomic organization of the human HARSL/HARS locus. (A) Schematic illustration of the intron/exon distribution of opposite-strand

HARSL (7.9 kb) and HARS (17.4 kb) genes is shown. Arrows denote the direction of transcription from the intervening bi-directional promoter. The

nucleotide sequence of HARSL (B) and HARS (C) intron/exon splice site junctions was determined as described in Materials and methods. Exon

numbers are designated in parentheses left of the corresponding 30 exon donor sequences.

Table 1

Comparative genomic structure and homology of HARSL and HARS genes

Intron (bp) Exon (bp) Exon homology (%)

HARSL HARS HARSL HARS Nucleotide Amino acida

1 1833 270 6306 (108) 442/6155b (90) 39.8c 20.5/10.3

2 269 7622 75 90 55.6 40.0/30.0

3 130 3216 120 120 65.8 77.5/67.5

4 1236 660 96 96 78.1 90.6/87.5

5 104 986 126 126 73.8 83.3/66.7

6 257 154 108 108 79.6 97.2/88.9

7 319 234 99 99 84.8 93.9/81.8

8 329 210 94 94 79.8 83.9/71.0

9 93 92 128 128 83.6 95.3/90.7

10 162 1519 243 243 85.6 93.8/92.6

11 246 191 117 117 70.1 79.5/66.7

12 414 350 147 147 78.2 85.7/79.6

13 813 (57) 422 (69) 52.8c 43.5/30.4

Note. Sizes of translated sequences within exons 1 and 13 are shown in parentheses.
aAmino acid: similarity/identity.
bDenotes the size of exon 1 from corresponding long and short HARS transcripts.
cHomology comparison of translated sequences.
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and 3). Amplified transcripts in the approximate size
range 80–280 bp (HARSL) and 200–260 bp (HARS)
were purified, ligated within a T/A cloning vector (pCR
2.1), and subsequently sequenced as described in Ma-
terials and methods. The resulting clones were aligned
with complementary genomic DNA sequences and used
to map the 50 nucleotide (i.e., cap site) of full-length 50-
UTR sequences (Fig. 3). HARSL and HARS transcripts
with multiple tsp were detected mapping in a range of
10–198 and 15–65 bp upstream of their respective
translational start codons. A strong cluster of opposite-
strand HARSL and HARS tsp were detected flanking a
80 bp domain mapping 70–150 bp upstream of the
HARS ORF. This domain contained an A/T-rich se-
quence (AAATAATTTTTT) that might possibly serve a
role in transcription. We also detected smaller clusters of
transcripts with shorter 50-UTRs mapping upstream of
each ORF. In addition, a subset of alternatively spliced
HARSL transcripts was detected that contained a 91 bp
50-UTR exon mapping 42–133 bp upstream of the
HARSL ORF. Perfect splice site consensus sequences
were observed flanking the 50-UTR exon and, in some
instances, we detected alternatively spliced transcripts
mapping to identical HARSL transcriptional start sites.

Previous reports have suggested that in addition to
the short class of mRNAs mapping immediately up-
stream of the HARS ORF, a second class of longer
HARS transcripts may derive from a more distal, in-
dependent promoter overlapping the first exon of the
HARSL gene [8,16]. We performed an RLM-RACE
analysis using primers mapping downstream of this
putative transcript and successfully amplified a single
mRNA species mapping 352 bp upstream of the HARS
ORF (Fig. 2, lane 1). These data suggest that at least
two promoters separated by approximately 300 bp direct
the synthesis of multiple HARS transcripts.

Discussion

We have described the genomic architecture (intron/
exon structure) and transcriptional start site map for the
human HARSL/HARS locus (chromosome 5q31.3),
which contains genes encoding HisRS and a HisRS-like
polypeptide. Unlike other ‘‘housekeeping’’ genes, the
organization and expression of the human HisRS gene is
intimately associated with a close structural homologue,
HARSL, which is transcribed in the opposite direction
froma shared bi-directional promoter.While the function
of the HARSL polypeptide is unknown, it is clear that its
genomic organization has been preserved since the esti-
mated divergence of humans and rodents approximately

Table 2

Amino acid sequence homology of human and murine HARSL and

HARS genes

Sequence alignment (aa) Similarity/identity (%)

Human HARSL and Human HARS 79.3/70.8

Murine HARSL and Murine HARS 75.6/67.4

Murine HARS and Human HARS 96.3/94.9

Murine HARSL and Human HARSL 88.2/83.9

Fig. 2. PCR amplification of full-length 50-UTRs of HARSL and

HARS transcripts by RLM-RACE. A human kidney RLM-RACE

cDNA library was PCR amplified using primers complementary to the

50 adapter and gene-specific sequences mapping immediately down-

stream of the HARSL (lane 2) and HARS (lane 3) ORFs as described

in Materials and methods. Based upon reports of HARS transcripts

with longer 50-UTRs (approximately 380 and 455 bp) [8,16], a similar

amplification was performed using nested HARS gene-specific primers

mapping approximately 275 bp upstream of the HARS ORF (lane 1).

Nested amplification products were size-fractionated in 2% TBE aga-

rose gels, stained with ethidium bromide, and subsequently detected

with a fluorescent scanner. A DNA size-standard (100 bp ladder) is

shown to the left of each gel. Note that amplified products include an

additional 38 bp of synthetic adapter sequence positioned adjacent to

the cap site of full-length 50-UTRs.

Fig. 3. Transcriptional start site mapping of HARSL and HARS

genes. HARSL and HARS 50-UTR gene-specific amplification prod-

ucts (see Fig. 2) were gel-purified, ligated within the pCR 2.1 T/A

cloning vector, and sequenced subsequently as described in Materials

and methods. The resulting clones were aligned with complementary

genomic DNA sequences and the position of the 50 cap site (i.e., the

junction of 50 adaptor and gene-specific sequences) was mapped within

a 344 bp domain positioned between opposite-strand translational

start codons (HARSL (GTA) and HARS (ATG)). The positions of

multiple transcriptional start sites for HARSL (lower strand) and

HARS (upper strand) are designated with arrows showing the direc-

tion of transcription. A 91 bp alternatively spliced exon mapping

within the 50-UTR of multiple HARSL transcripts is underlined; splice

site junctions are highlighted in bold type. Note that, in some in-

stances, alternatively spliced HARSL transcripts (�) were detected with
identical transcriptional start sites.
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100 million years ago [15]. A bi-directional promoter el-
ement flanking theHisRS gene has been described in both
rodents and humans [7,8]. Our laboratory subsequently
identified the opposite-strand transcript in humans as
encoding a HisRS-like polypeptide formerly designated
HO3 [9]. More recently, a full-length murine homologue
of HARSL (NM_080636) has been reported that bears
striking amino acid sequence homology (88.2%) to its
human counterpart (see Table 2) [17].

The HARSL gene apparently emerged as the result of
an inverted duplication through the first intron of the
HisRS gene [18]. Both HARSL and HARS share a com-
mon genomic architecture (exons 2–13) with more dis-
tantly related HisRS genes from hamster and the
Japanese pufferfish,Fugu rubripes [7,18]. In fact,Fugu and
humanHisRS genes share approximately 84%amino acid
sequence homology. Although the Fugu genome lacks the
upstreamHARSLhomologue, theFuguHisRS gene itself
contains a highly divergent first exon that the authors
attribute to a translocation event (exon shuffling) through
the first intron following the evolutionary split of mam-
mals and fishes approximately 450 million years ago [19].
The authors proposed a similar mechanism to explain the
divergent amino terminal domain (mapping largely to
exon 1) of the human HARSL gene. Since its emergence,
the structural framework and primary sequence of
HARSL exons have been largely preserved with HARS
(exons 2–13) despite considerable variations in the lengths
of the respective introns and 30-UTRs (see Fig. 1 and
Table 1) [8].Moreover, as seen inTable 2, the inter-species
amino acid sequence similarity of HARSLORFs (88.2%)
exceeds intra-species comparisons of both human and
murine HARSL and HARS ORFs (79.3% and 75.6%,
respectively). Together, these data argue that strong
evolutionary pressures have worked to maintain the na-
ture and integrity of the HARSL gene in humans.

It has become increasing recognized that aaRS are
multi-functional proteins that play broader roles in
physiology than cellular protein biosynthesis. aaRS and
polypeptides bearing aaRS-like domains have been as-
sociated with a host of non-traditional functions [1–3].
One fascinating example includes the cytokine activities
associated with proteolytic fragments of human TyrRS
[20]. Under apoptotic conditions, TyrRS is secreted and
cleaved by an extracellular protease (leukocyte elastase)
liberating amino- and carboxy-terminal fragments with
demonstrable cytokine (interleukin-8-like) and chemo-
kine (endothelial monocyte-activating polypeptide II-
like) activities, respectively. It is remarkable that the
precursor form of the genuine endothelial monocyte-ac-
tivating polypeptide II molecule (pro-EMAP II) contains
an aaRS-like domain, associates with a cytosolic multi-
aaRS complex, and helps facilitate aminoacylation [21].

The HisRS polypeptide has been extensively charac-
terized owing, at least in part, to its targeting by
autoantibodies (anti-Jo-1) in a subset of patients with the

autoimmune muscle diseases polymyositis and
dermatomyositis. Patients with anti-Jo-1 autoantibodies
are distinguished fromothermyositis patients by a unique
matrix of epidemiologic, clinical, genetic, and prognostic
features [6]. Anti-Jo-1 autoantibodies are directed pri-
marily against an evolutionarily conserved B cell epitope
mapping within the amino-terminal domain (aa 1–60) of
HisRS; adomain that is highly divergent in corresponding
regions of the HARSLmolecule [22,23]. While these data
suggest that the HARSL polypeptide is not the primary
target of anti-Jo-1 autoantibodies, it does not rule out the
possibility that T cell and/or secondary B cell epitopes
shared by HARS and HARSL might play a role in initi-
ating autoimmune responses.

The function of the human HisRS homologue,
HARSL, is currently unknown. The conservation of
structural motifs associated with class II aaRS and
HisRS in particular leads us to speculate that HARSL
might encode a mitochondrial HisRS [9]. Conflicting
lines of evidence question this hypothesis. A predictive
analysis for mitochondrial targeting sequences (http://
www.mips.biochem.mpg.de/cgi-bin/proj/medgen/mitofilter)
revealed a candidate domain within the hydrophobic
amino-terminus of the HARSL polypeptide (aa 1–60).
Transient expression of the HARSL cDNA in human
293T cells, however, revealed localization in both cyto-
plasm and nucleus [10]. Oddly, upon HIV infection of
cultured 293T cells, the HARSL polypeptide (formerly
designated HO3) forms specific complexes with HIV
matrix protein and aids viral maturation [10]. Based
upon these findings, it is unclear whether the previously
described nuclear localization of HisRS may be in part
attributable to antibodies cross-reacting with epitopes
shared with the HARSL polypeptide [24]. Mitogen-in-
duced nucleolar localization was recently described for
human MetRS where that protein presumably plays a
role in rRNA synthesis [25]. It is noteworthy that se-
quences within the amino-terminal domain (aa 1–60) of
HisRS necessary for enzymatic activity are lacking
within corresponding regions of the HARSL polypep-
tide [22]. These data suggest that while the HARSL
polypeptide may not be enzymatically active, it may
possibly retain properties associated with aaRS (e.g.,
ATP, amino acid, and/or tRNA binding). On-going
studies in our laboratory are examining the possible
significance of nuclear trafficking and other functional
attributes of the HARSL polypeptide.

HARSL and HARS exhibit distinctive patterns of
steady-state mRNA expression in a variety of human
tissue and cell types suggesting elaborate mechanisms of
transcriptional control [9,10]. The sizes of mature
HARSL and HARS mRNAs (approximately 2.5 and
2.0 kb, respectively) are consistent with the sizes of the
multiple transcripts identified initiating from a shared
bi-directional promoter positioned within a 344 bp re-
gion separating the opposite-strand ORFs [8–10]. The
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bi-directional promoter region lacks canonical elements
of RNA polymerase II promoters (e.g., TATA and
CAAT boxes) and directs the synthesis of multiple,
opposite-strand transcripts with varying lengths of 50-
UTR [7,8]. Tsui et al. [8] previously described the syn-
thesis of multiple transcripts initiating approximately
38–82 bp upstream of the human HARS ORF and
identified a functional bi-directional promoter element
mapping within 122 bp of the HARS ORF.

As described in Materials and methods, we have uti-
lized a high-resolution, 50 cap site mapping technique,
RLM-RACE, designed to avoid difficulties often associ-
ated with mapping multiple tsp promoters using tradi-
tional primer extension and nuclease digestion assays
(e.g., incomplete extension and/or degradation products)
[11–13]. We have similarly identified multiple HARS
transcripts with 50-UTRs extending 15–65 bp (see Fig. 3).
A recent scan of the human EST database ð12:8� 106

independent sequence entries) indicated that amajority of
HARS transcripts identified extend 50–75 bp upstream of
the ORF (data not shown). In addition, we have mapped
multiple tsp extending 10–198 bp upstream of the human
HARSL ORF (see Fig. 3). A cluster of HARSL tran-
scripts (50-UTRs extending 191–198 bp) flank theminimal
bi-directional promoter element defined by Tsui et al. [8].
A similar scan of the human EST database suggests that a
majority of HARSL transcripts initiate 150–200 bp up-
stream of the HARSL ORF. Of interest, we identified a
subset ofHARSL transcripts that contain an alternatively
spliced exonmappingwithin the 50-UTR.Aputative set of
alternatively spliced 50-UTR exons has also been identi-
fied upstream of the human gene encoding TrpRS [26].
The extent and significance of these alternative-splicing
events are unknownbut are currently under investigation.

In addition to the multiple transcripts mapping im-
mediately upstream of the HARS ORF, a second class
of longer HARS mRNAs (approximately 380 and
455 bp 50-UTRs) presumably initiating from more distal
promoter elements has been reported [8,16]. Using
RLM-RACE, we selectively amplified a HARS tran-
script initiating 352 bp upstream of the HARS ORF and
overlapping the opposite strand of HARSL exon 1. The
basis for variations in the reported sizes of these longer
HARS transcripts is unclear. It is conceivable that dif-
ferent mRNA source materials (i.e., cultured cell lines
(HeLa and lymphoblastoid) vs. human kidney) and/or
different methodological approaches may possibly ac-
count for these dissimilar findings. Nevertheless, the size
of HARS mRNA readily detected on multiple tissue
Northern blots (approximately 2.0 kb) is consistent with
the detection of shorter HARS transcripts (50-UTR less
than 100 bp) derived form the bi-directional promoter
element [9,10]. Moreover, a screen of the human EST
database failed to detect transcripts consistent with the
longer class of HARS mRNAs identified (352, 380, and
455 bp 50-UTRs). These data suggest that the longer

class of HARS mRNAs expressed from a distal pro-
moter element(s) are lower abundance transcripts.

In summary, our and other data suggest that the use
of multiple and bi-directional promoter elements, and
possibly alternative splicing of 50-UTR exons, contribute
to complex and coordinated patterns of gene expression
from the evolutionarily conserved human HARSL/
HARS locus. We are currently exploring the mechanis-
tic basis and regulatory implications of HARSL and
HARS gene expression in a variety of human tissues.
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