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Abstract  In order to contribute to the development of the
transcriptional map of chromosome 21, we performed ex-
on trapping using cosmid clones mapped in the region
21q22.1–22.2 and identified a number of potential exons.
One of the trapped exons (Genbank No. AF026200)
showed a strong homology with the mouse Bach1 gene
(Genbank No. D86603), a transcription factor regulating
gene expression. We then isolated the full-length coding
region of the human BACH1 gene using expressed se-
quence tags, reverse transcription-polymerase chain reac-
tion and rapid amplification of cDNA ends. The predicted
BACH1 protein contains 736 amino acids and is 88%
identical to its mouse homolog. It contains basic leucine
zipper and BTB-zinc finger domains (which are directly
involved in DNA binding for transcription regulation). The
BACH1 gene maps in a relatively gene-poor region on
21q22.1 in yeast artificial chromosome 814c1 of the col-
lection of Chumakov et al. Northern blot analysis revealed
that it is expressed as an mRNA species of approximately
5.8 kb in all 16 adult and 4 fetal tissues examined; an ad-
ditional mRNA species of 2.8 kb was observed in adult
testis. The contribution of the BACH1 gene to the patho-
physiology of trisomy or monosomy 21 is unknown. In ad-
dition, no monogenic disorders associated with mutations
in the BACH1 gene have yet been identified.
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Introduction

Down syndrome is one of the most common chromosomal
abnormalities in liveborn infants. It affects 1 in 600–1000
newborns worldwide (Epstein 1995) and is caused by tri-
somy 21. Human chromosome 21 (HC21) is the smallest
autosome and is estimated to contain 600–1000 genes (re-
viewed in Antonarakis 1993). The cloning and character-
ization of genes on HC21 is a necessary step for the under-
standing of the molecular basis of Down syndrome, partial
monosomy 21, monogenic disorders that map on this chro-
mosome, and HC21 loci that predispose to multigenic
complex phenotypes. The genetic linkage map (McInnis et
al. 1993; Antonarakis et al. 1995), yeast artificial chromo-
some (YAC) and cosmid-based physical maps of HC21 are
well developed (Chumakov et al. 1992; Nizetic et al. 1994;
Soeda et al. 1995; Osoegawa et al. 1996) and have provid-
ed the necessary infrastructure to localize newly identified
genes and loci on this chromosome. The transcription
(genic) map of HC21 and the cloning and characterization
of its genes have been progressing rapidly (Cheng et al.
1994; Peterson et al. 1994; Antonarakis et al. 1995; Luc-
ente et al. 1995; Tassone et al. 1995; Yaspo et al. 1995;
Chen et al. 1996a). However, only about 75 of the genes
on HC21 have been cloned to date [Genome DataBase
(GDB) (http:// gdbwww.gdb.org) and SWISS-PROT
(http://expasy.hcuge. ch/cgi-bin/lists?humchr21.txt)].

In order to contribute to the development of the genic
map of HC21 and the cloning of genes that may be re-
sponsible for Down syndrome, monogenic disorders and
microdeletion syndromes of HC21, we have used exon
trapping (Buckler et al. 1991) from the HC21-specific cos-
mid LL21NC02-Q library (Soeda et al. 1995) to identify
potential exons of genes on this chromosome (Chen et al.
1996a) and thereafter to clone their corresponding genes
(for example see Chen et al. 1995a, b; 1996a, b). In addi-
tion, we have also performed region-specific exon-trap-
ping experiments from cloned DNA from within a gene-
rich 21q22.3 region, the formerly called Down syndrome
chromosomal region (DSCR; Lucente et al. 1995), and



more recently the relatively gene-poor (Gardiner 1996) re-
gion on 21q22.1 between APP and D21S17. As a result of
the exons identified in this last region, here we report the
cloning of BACH1, the human homolog of the murine
Bach1 gene, which encodes a potential transcription regu-
lator protein with two recognizable domains: a cap’n’col-
lar type of basic leucine zipper (CNC-bZip) and a broad
complex-tramtrack-bric-a-brac (BTB) type of zinc finger
domain. The mouse Bach1 protein a transcription factor
that, in heterodimerization with MafK, activates or re-
presses transcription (Oyake et al. 1996). The human
BACH1 gene maps on 21q22.1 and is expressed in all 20
tissues studied.

Materials and methods

Selection of cosmids

Cosmids used were from the HC21 genomic library LL21NC02-Q pro-
vided by Pieter de Jong (Soeda et al. 1995). Cosmid clones were se-
lected by hybridization of colony grid filters probed with DNAs of
CEPH yeast artificial chromosomes (YACs) (Chumakov et al. 1992)
located between APP and D21S17 on chromosome 21q21–21q22.2;
the probe from the YAC insert was labeled by random priming after
purification by pulsed field gel electrophoresis. Cosmid clones cross-
hybridizing with mouse genomic sequences or with ribosomal se-
quences were previously eliminated as described in Chen et al.
(1996a, b)

Exon trapping 

Exon trapping (Buckler et al. 1991) from the selected cosmids from
the HC21-specific library LL21NC02-Q that hybridized to YACs be-
tween markers APP and D21S17 in 21q22.1 was performed as de-
scribed (Chen et al. 1996a; Blouin et al. 1997) DNA from pools of
12 cosmids was cleaved with PstI and the resulting fragments were
subcloned in vector pSPL3. Recombinant subclone DNAs were then
transfected using lipofectACE (GIBCO-BRL) into COS 7 cells. Af-
ter 2 days of culture in DMEM supplemented with 10% fetal calf se-
rum, cells were harvested and RNA isolated using TRIZOL reagents.
Trapped sequences were recovered after reverse transcription-poly-
merase chain reaction (RT-PCR) using SA2 and SD6 oligonucleotide
primers. After elimination of vector-derived products by BstXI
cleavage, spliced sequences were subcloned into the pAMP10 vector
using Uracyl DNA Glycosylase (GIBCO-BRL). Nonrecombinant
vector clones, vector self-splicing products, and cosmid vector se-
quences were eliminated by appropriate hybridizations (Chen et al.
1996a). Trapped sequences of different sizes were then subjected to
nucleotide sequencing using the ABI373A automated nucleotide se-
quencer. Sequence homology analysis was performed using BLAST
programs (http://www.ncbi.nlm.nih.gov/cgi-bin/BLAST/). One trap-
ped sequence, jla60g5 (Genbank No. AF026200), showed strong ho-
mology to the mouse Bach1 gene and was used for isolation of the
full coding region of the human homolog as described below.

Cloning and sequencing of human BACH1 cDNA

The 5’ end and coding region up to nucleotide 664 was obtained
from sequencing of IMAGE clone 115234, corresponding to ex-
pressed sequence tags (ESTs) yd87e06.r1 and yd87e06.s1. This EST
was identified using BLASTN database searches with the mouse
Bach1 sequence. To obtain the 3’ end of the coding sequence of hu-
man BACH1, we performed a 3’ rapid amplification of cDNA ends
(RACE) on human heart poly(A)+ mRNA using a cDNA amplifica-

tion kit (Clontech, K1802-1). Two rounds of PCR in thermocyclers
MJR PTC-100 or Biometra UNO1 were performed using first oligo-
nucleotide primers jla60g5A (5’ACTGCCATTCAATGCACAAC3’) 
and AP1 and subsequently primer AP2 in a semi-nested reaction.
The middle one-third of the coding sequence (between the EST se-
quence yd87e06 and the trapped exon) has been isolated by PCR 
from a human heart cDNA using a primer in the previously identified
5 EST (yd87co3C, 5’GAATCCTGCTTTCAGTTTCTG3’) and a primer
in exon jla60g5 (jla60g5B, 5’CAGCTTCTCA-ATTTCTGATTC3’).
Semi-nested PCR was then performed using the primers yd87co3B
(5’TGGACTCCACTGCAGACC-AGC3’) and jla60g5B. All nucle-
otide sequences were determined in both orientations using standard
protocols in an ABI373 automated sequencer.

Northern blot analysis

Northern blot analysis was performed using random priming 
of a PCR-amplified 1.4 (1.384)-kb segment of the BACH1 cDNA as
a probe between nucleotides 635–2019 by using oligonucleotide
primers yd87co3B (5’TGGACTCCACTGC-AGACCAGC3’) and
jla60g5B. Hybridization to a multiple-tissue Northern blot contain-
ing 2 µg of poly(A)+ mRNA from 16 human adult and 4 fetal tis-
sues (Clontech filters 7760-1, 7759-1, 7756-1) was performed ac-
cording to the manufacturer’s instructions. Equal loading was con-
firmed using the -actin probe as a control.

Mapping to HC21

The mapping position of BACH1 on HC21 was determined using
several methods. First, by PCR amplification from genomic DNA
from mouse-human monochromosomal somatic hybrids (NIGMS2
panel) (Drwinga et al. 1993) and specific somatic cell hybrids con-
taining defined portions of HC21 (Patterson et al. 1993) using oligo-
nucleotide primers jla60g5A and jla60g5B. Second, by hybridization
of PCR-amplified labeled exon probe jla60g5 on the HC21-specific
cosmid library LL21NC02-Q. Positive cosmids were confirmed by
PCR amplification. Furthermore, selected YACs from the Chumakov
et al. (1992) HC21 contig were used for PCR amplification using the
trapped exon-specific oligonucleotide primers. Third, PCR amplifi-
cation from 93 human-hamster radiation somatic cell hybrids of the
Genebridge 4 panel (provided by the UK Human Gene Mapping
Project Resource Centre) using primers jla60g5A and jla60g5B were
performed and the data were submitted to the Whitehead/MIT ge-
nome mapping web site (http://www-genome.wi.mit.edu/) for incorpo-
ration in the radiation hybrid framework map.

Sequence analysis

Nucleotide and predicted amino acid sequences were analyzed with
BLAST programs at the NCBI (http://www.ncbi.nlm.nih.gov/cgi-
bin/BLAST) (Altschul et al. 1990). Alignment of sequences was per-
formed using PC/GENE software (developed by A. Bairoch) (In-
telligenetics) and at the T.I.G.E.M. site with the CAP sequence as-
sembly program (http://www.tigem.it/ASSEMBLY/assemble.html).
Protein sequence analysis for domain recognition was performed us-
ing the Expasy tool package (http://www.expasy.ch.www/tools.
html). Sequence homology alignments were performed with Clus-
talw and subsequently edited using the Genedoc multiple sequence
alignment software.
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Results

A trapped exon with homology to mouse Bach1 cDNA

Using exon trapping on cosmids that mapped in the inter-
val between markers APP and D21S17 on 21q22.1 we
have identified a number of potential exons (J. L. B. and S.
E. A., manuscript in preparation). The predicted amino ac-
id sequence of one trapped exon of 207 bp, (jla60g5; Gen-
bank No. AF026200) obtained from a pool of 12 cosmids
(Q82F8, Q82H8, Q82B7, Q86C3, Q86B2, Q88D9,
Q88A11, Q89B9, Q89G8, Q90F10, Q90D1, Q94A9,
Q97D11) showed excellent homology with the mouse
Bach1 protein sequences (Genbank No. D86603, P =
6.0e–55, 84% identity, Oyake et al. 1996). We subsequently
decided to clone the corresponding human full-length cod-
ing cDNA, since it was likely that exon jla60g5 was part
of a human gene similar to the murine transcription regu-
lator Bach1.

Cloning of the human BACH1 cDNA

The nucleotide sequence of the full-length coding region
of the human BACH1 cDNA was determined by the use of
(i) three human ESTs homologous to the mouse 
gene (yd87e06.s1, Genbank No. T86439, P = 1.0–90;
yd87e06.r1, Genbank No. T86529, P = 1.7e–22; and
zr94e05.r1, Genbank No. AA215308, P = 4.6e–23); (ii) an
amplicon of 1.4 kb from a heart cDNA library using prim-
ers yd87c03C and jla60g5B and nested primer yd87c03B
in the EST and trapped exon (see Materials and methods);
(iii) the 0.7-kb product of 3 RACE PCR from the heart
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Fig. 1  Nucleotide and predicted protein sequences of the human
BACH1 gene (Genbank No. AF026199). The initiation methionine
and the termination codons are in bold. Trapped exon jla60g5 com-
prises nucleotides 1813 to 2019 and is double-lined above. The
CNC-type bZIP domain is from amino acids 562 to 624. The basic
portion (amino acids 562–577) of the CNC-type bZIP domain is
boxed and the leucine zipper is shown as gray stripes. The BTB zinc
finger domain (amino acids 16–122) is indicated as a gray-shaded
region. Clone IMAGE 115234, containing expressed sequence tags
yd87e06.r1 and yd87e06.s1, is lined above. Oligonucleotide primers
yd87co3C, yd87co3B, jla60g5A, and jla60g5B are in underlined
bold in that order

GTCTACTCAGCCCGGTGGCTGTCGCGCGTGGAATCGCGTAAGAAAAGCCGAGTTTGTGGCTGGGGAGAGAAGGCCACCGTGCTGAGCTGGATTTAGCGAAGACTGGTTTTGGGGACCGGA 120

GAGCCCAGGACTCCCTTTGTTGGAGTTTTGCCCACGCGTTGTAATTAAGCCTCGCACAATATGGTTGATGATAATTAGAAGCATGCTTTCCACTGAACTTCCCGACAACATTTGTTATGC 240

AGAATGTCTCTGAGTGAGAACTCGGTTTTTGCCTATGAATCTTCTGTGCATAGCACCAATGTTTTACTCAGCCTTAATGACCAGCGGAAGAAAGATGTGCTGTGCGATGTCACCATCTTT 360
M S  L S E  N S  V F A  Y E S S V  H S T N V  L L S L N D  Q R K K D  V L C D V  T I F  39

GTGGAAGGACAGCGGTTCCGCGCTCACCGGTCCGTGCTGGCGGCATGCAGCAGTTACTTCCACTCAAGAATCGTAGGCCAGGCTGATGGAGAGCTGAACATTACTCTTCCAGAAGAGGTG 480
V E G  Q R F  R A  H R S  V L A A C  S S Y F H  S R I V G Q  A D G E L  N I T L P  E E V  79

ACAGTTAAAGGATTTGAACCTTTAATTCAGTTTGCCTACACTGCTAAACTGATTTTAAGTAAAGAGAATGTGGATGAAGTGTGCAAATGTGTGGAGTTTTTAAGTGTACATAATATTGAG 600
T V K  G F E  P L  I Q F  A Y T A K  L I L S K  E N V D E V  C K C V E  F L S V H  N I E  119

GAATCCTGCTTTCAGTTTCTGAAATTTAAGTTTTTGGACTCCACTGCAGACCAGCAAGAATGCCCCCGCAAAAAATGCTTTTCATCACACTGTCAGAAAACAGACCTTAAACTTACACTT 720
E S C  F Q F  L K  F K F  L D S T A  D Q Q E C  P R K K C F  S S H C Q  K T D L K  L T L  159

TTGGACCAGAGGGATCTAGAAACTGATGAAGTGGGGGAATTTCTGGAAAATAAAAATGTTCAGACTCCTCAGTGTAAACTCCGCAGGTATCAAGGAAATGCAAAAGCCTCACCTCCTCTA 840
L D Q  R D L  E T  D E V  G E F L E  N K N V Q  T P Q C K L  R R Y Q G  N A K A S  P P L  199

CAAGACAGTGCCAGTCAGACATATGAGTCCATGTGCTTAGAGAAGGATGCTGCTCTGGCCTTGCCTTCTTTATGCCCCAAATACAGAAAATTCCAAAAAGCATTTGGAACTGACAGAGTC 960
Q D S  A S Q  T Y  E S M  C L E K D  A A L A L  P S L C P K  Y R K F Q  K A F G T  D R V  239

CGTACTGGGGAATCTAGTGTCAAAGACATTCATGCTTCTGTTCAGCCGAATGAAAGGTCTGAAAATGAATGCCTGGGAGGAGTCCCGGAGTGTAGAGATTTGCAGGTGATGTTAAAATGT 1080
R T G  E S S  V K  D I H  A S V Q P  N E R S E  N E C L G G  V P E C R  D L Q V M  L K C  279

GACGAAAGTAAATTAGCAATGGAACCTGAAGAAACGAAGAAAGATCCTGCTTCTCAGTGCCCAACTGAAAAATCAGAAGTGACTCCTTTCCCCCACAATTCTTCCATAGACCCTCATGGA 1200
D E S  K L A  M E  P E E  T K K D P  A S Q C P  T E K S E V  T P F P H  N S S I D  P H G  319

CTTTATTCTTTGTCTCTTTTACACACATATGACCAATATGGTGACTTGAATTTTGCTGGTATGCAAAACACAACAGTGTTAACAGAAAAGCCTTTGTCAGGTACAGACGTCCAAGAAAAA 1320
L Y S  L S L  L H  T Y D  Q Y G D L  N F A G M  Q N T T V L  T E K P L  S G T D V  Q E K  359

ACATTTGGTGAAAGTCAGGATTTACCTTTGAAATCCGACTTGGGCACCAGGGAAGATAGTAGTGTTGCATCTAGTGATAGGAGTAGTGTGGAGCGAGAAGTGGCAGAACACTTAGCAAAA 1440
T F G  E S Q  D L  P L K  S D L G T  R E D S S  V A S S D R  S S V E R  E V A E H  L A K  399

GGGTTCTGGAGTGACATTTGCAGCACGGACACTCCTTGCCAAATGCAGTTATCACCTGCTGTGGCCAAAGATGGCTCAGAACAGATCTCACAGAAACGGTCTGAGTGTCCGTGGTTAGGT 1560
G F W  S D I  C S  T D T  P C Q M Q  L S P A V  A K D G S E  Q I S Q K  R S E C P  W L G  439

ATCAGGATTAGTGAGAGCCCGGAACCAGGTCAAAGGACTTTCACAACATTAAGTTCTGTCAACTGCCCTTTTATAAGTACTCTGAGTACTGAAGGCTGTTCAAGCAATTTGGAAATTGGA 1680
I R I  S E S  P E  P G Q  R T F T T  L S S V N  C P F I S T  L S T E G  C S S N L  E I G  479

AACGATGATTATGTTTCAGAACCCCAGCAAGAACCTTGCCCATATGCTTGTGTCATTAGCTTGGGAGACGACTCTGAGACGGACACCGAAGGAGACAGTGAATCCTGTTCAGCCAGAGAA 1800
N D D  Y V S  E P  Q Q E  P C P Y A  C V I S L  G D D S E T  D T E G D  S E S C S  A R E  519

CAAGAATGTGAGGTAAAACTGCCATTCAATGCACAACGGATAATTTCACTGTCTCGAAATGATTTTCAGTCCTTGTTGAAAATGCACAAGCTTACTCCAGAACAGCTGGATTGTATCCAT 1920
Q E C  E V K  L P  F N A  Q R I I S  L S R N D  F Q S L L K  M H K L T  P E Q L D  C I H  559

GATATTCGAAGAAGAAGTAAAAACAGAATTGCTGCACAGCGCTGTCGCAAGAGAAAACTTGACTGTATACAGAATCTTGAATCAGAAATTGAGAAGCTGCAAAGTGAAAAGGAGAGCTTG 2040
D I R  R R S  K N  R I A  A Q R C R  K R K L D  C I Q N L E  S E I E K  L Q S E K  E S L  599

TTGAAGGAAAGAGATCACATTTTGTCAACTCTGGGTGAGACAAAGCAGAACCTAACTGGACTTTGCCAGAAAGTTTGTAAAGAAGCAGCTCTGAGTCAAGAACAAATACAGATACTCGCC 2160
L K E  R D H  I L  S T L  G E T K Q  N L T G L  C Q K V C K  E A A L S  Q E Q I Q  I L A  639

AAGTACTCAGCTGCAGATTGCCCACTTTCATTTTTAATTTCTGAAAAAGATAAAAGTACTCCTGATGGTGAACTGGCGTTACCATCAATTTTCAGTTTATCTGACCGGCCTCCAGCAGTG 2280
K Y S  A A D  C P  L S F  L I S E K  D K S T P  D G E L A L  P S I F S  L S D R P  P A V  679

CTGCCTCCCTGTGCCAGAGGAAACAGTGAGCCTGGCTACGCGCGAGGGCAGGAGTCCCAGCAGATGTCCACAGCCACCTCTGAGCAAGCTGGGCCTGCGGAACAGTGTCGTCAGAGTGGT 2400
L P P  C A R  G N  S E P  G Y A R G  Q E S Q Q  M S T A T S  E Q A G P  A E Q C R  Q S G  719

GGGATCTCAGATTTCTGTCAGCAGATGACTGATAAATGTACTACTGATGAGTAAACTTGCATTCACTTCCTTCAAACC  2478
G I S  D F C  Q Q  M T D  K C T T D  E * 736
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Fig. 2 Multiple sequence align-
ment of the predicted human
BACH1 (Genbank No.
AF026199), mouse Bach1 (Gen-
bank No. D86603) and mouse
Bach2 (Genbank No. D86604)
proteins generated with the Ge-
nedoc program. Dark shading
indicates identity among the
three proteins; gray shading in-
dicates identity between two of
the sequences. Conservative
amino acid substitutions are not
shaded

Fig. 3A–C Expression pattern
of human BACH1 on a selection
of poly(A)+ mRNAs isolated
from 16 adult (A, B) and 4 fetal
(C) tissues. The Northern blots
(Clontech filters 7760–1,
7759–1, 7756–1) were probed
with a polymerase chain reac-
tion (PCR)-amplified product of
1.4 kb of the BACH1 cDNA be-
tween nucleotides 635–2019. 
A single 5.8-kb mRNA species
was observed in all tissues. In
addition, testis displays a second
mRNA species of 2.8 kb. The
same filters were hybridized
with an actin probe (data not
shown); the amount of mRNA
loaded in all lanes is approxi-
mately equal
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involved in the homo- or heterodimerization of the protein.
The CNC-type of basic leucine zipper is a subtype of this
domain found in some proteins, including human FOS and
JUN (Van Straaten et al. 1983; Schuette et al. 1989)

The second recognizable feature is the BTB domain be-
tween amino acids 16–122 (Fig. 1). This domain, which
contains a C2H2-type zinc finger motif (Prosite No.
PDOC00028), is found in several proteins, including hu-
man transcription termination factor l-interacting peptide,
BCL-6 (B-cell lymphoma 6 protein), Kruppel-related zinc
finger protein and MIZ-1 among others (Baron et al. 1993;
Kawamata et al. 1994; Bellefroid et al. 1989; Sauer and
Jackle 1993, respectively). This domain is evolutionarily
conserved from Drosophila to mammals and is involved in
protein-protein interactions (Zollman et al. 1994).

Northern blot analysis

In order to study the expression pattern of the human
BACH1 gene, we used Northern blot analysis. A partial
cDNA probe (from nucleotides 635–2019 of Fig. 1) was
hybridized against poly(A)+ mRNA from 16 adult and 4
fetal tissues (MTN blots from Clontech). An mRNA spe-
cies of 5.8 kb was observed in every tissue examined (Fig.
3). The level of expression varies among the different tis-
sues. In testis, in addition to the 5.8-kb species, an abun-
dant mRNA species of approximately 2.8 kb was ob-
served. This additional mRNA species may result from the
use of different 3’ or 5’untranslated regions (UTRs), alter-
native splicing or a cross-hybridizing sequence. The
cDNA sequence shown in Fig. 1 does not obviously con-
tain all the 5’ or 3’ UTR sequence.

The human BACH1 maps to 21q22.1

The specific localization of BACH1 to chromosome
21q22.1 was determined by several experiments (Fig. 4).
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Fig 4A–C  Mapping of the human BACH1 gene. PCR amplification
of the 207-bp exon jla60g5 of the human BACH1 on DNA from A
selected HC21 somatic cell hybrids and B cosmids from the HC21-
specific LL21NC02-Q library. C Schematic representation of the
mapping position of the human BACH1 gene. Somatic cell hybrids
localize this gene between markers D21S298 and D21S404 in
21q22.1. In this interval the positive cosmid Q94A9 and yeast artifi-
cial chromosome (YAC) 814c1 are shown. The YAC is also positive
for additional markers, including D21S213. The orientation of
BACH1 and D21S213 relative to the telomere has not been deter-
mined and is shown arbitrarily. BACH1 is also incorporated between
markers D21S1442 and WI-4117 in the Radiation Hybrid (RH)
framework map using the Genebridge 4 panel. The distances in the
partial RH map shown are in centiRays

cDNA library (see Materials and methods for oligonucle-
otides).

Figure 1 shows the nucleotide and predicted amino acid
sequence of human BACH1 (Genbank No. AF026199).
The methionine codon for translation initiation starting at
nucleotide 244 corresponds to the mouse initiation codon
and is within the context of a Kozak (1987) consensus se-
quence. The open reading frame extends for 2208 nucle-
otides and the predicted protein contains 736 amino acids
versus 739 such residues in the mouse. At the nucleotide
level there is 76% identity between the human BACH1
gene and its mouse homolog; the identity of their predict-
ed amino acid sequences is 88% (Fig. 2)

Similar to mouse Bach1, the predicted protein sequence
of human BACH1 contained the following recognizable
domains: a CNC-type bZIP domain extending from amino
acids 562–624. The basic portion of the domain is at ami-
no acids 562–577 and the leucine zipper motif is included
in the region of amino acids 578–624 (http://www.ex-
pasy.ch/sprot/prosite.html) (Fig. 1). The bZIP motif is
usually found in DNA-binding proteins that function as
transcription regulators. The leucine zipper that generally
follows the basic domain is defined as a periodic repetition
of leucine residues at every seventh position. This motif is
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PCR amplification of the 207-bp trapped exon sequence
jla60g5 from monochromosomal somatic cell hybrids spe-
cific (NIGMS2) (Dwringa et al. 1993) and from defined
portions of HC21 (Patterson et al. 1993) was performed.
From the monochromosomal hybrids, only that with HC21
resulted in amplification of the specific product. The par-
tial HC21-containing hybrids that resulted in the specific
amplification were WAV17, 153e7b, 21q+, ACEM, 1X4
and JC6. Furthermore, no amplification was obtained from
hybrids 8q-, and MRC-2G (Fig. 4A). These data indicate
that BACH1 maps to 21q22.1 between D21S298 and
D21S404 (Fig. 4C).

PCR amplification of the same 207 bp using jla60g5
exon primers on DNA of somatic cell hybrids from the
Genebridge 4 mapping panel was used to incorporate
BACH1 in the radiation hybrid map. The gene was placed
in the interval between markers D21S1442 and WI-4117,
10.3 cR distal to D21S1442 (Fig. 4C); this interval is 
located on 21q22.1 on contig wc21.1 (http://www-
genome.wi.mit.edu/).

Hybridization of HC21-specific cosmid and YAC li-
brary filters using a partial cDNA as a probe revealed sev-
eral positive cosmids, Q94A9, Q20E8, Q46F3, Q57D5,
and Q89A8 and one positive YAC, 814c1. These positive
clones were then confirmed by PCR amplification using
primers jla60g5A and jla60g5B (Fig. 4B). Cosmid Q94A9
was included in the cosmid pool DNA for the exon-trapp-
ing experiment from which exon jla60g5 was isolated. The
results of all mapping experiments are summarized sche-
matically in Fig. 4C.

Discussion

In this paper we describe the cloning, chromosomal map-
ping and initial characterization of a novel gene that maps
on human chromosome 21q22.1, and encodes a polypep-
tide that is the human homolog of the mouse Bach1 pro-
tein.

Similar to its human homolog, Bach1 contains CNC-
type bZIP and BTB domains. These domains have been
described in proteins that modulate transcription. The
mouse Bach1 (and its homologous Bach2 protein) func-
tions as a transcription repressor in fibroblasts and tran-
scription activator in cultured erythroid cells (Oyake et al.
1996). Bach1 probably forms heterodimers with the MafK
proteins and the complex binds in vitro to NF-E2 binding
sites (Oyake et al. 1996). It is likely that the function of
the human BACH1 protein is similar to that of its mouse
homolog.

Are there any monogenic disorders associated with
BACH1? There are no human monogenic disorders that
have been mapped to the interval of the mapping position
of BACH1. In addition no mouse phenotype has been as-
sociated with mutations in mouse Bach1. The generation
of mice with targeted disruption of the mouse Bach1 gene
will enhance our understanding of the function of this
gene.

The mapping location of BACH1 is within the APP to
SOD1 region, which has been associated with several fea-
tures of monosomy 21 (Chettouh et al. 1995; Orti et al.
1997). The phenotypes associated with this partial mono-
somy 21 were facial anomalies, growth retardation, ar-
throgryposis-like syndrome, hypertonia, heart defects and
mental retardation. It is therefore possible that haplo-
insufficiency for BACH1 is involved in one of these phe-
notypes.

Is the overexpression of three copies of BACH1 in-
volved in one of the phenotypes of Down syndrome?
BACH1 maps outside the so-called DSCR (between mark-
ers D21S17 and ETS2), triplication of which is associated
with many phenotypes of Down syndrome (Delabar et al.
1993; McCormick et al. 1989). However the existence of a
single DSCR has been challenged since rare patients wih
proximal trisomy 21 that does not include the
D21S17–ETS2 region display some of the phenotypes of
Down syndrome (Korenberg et al. 1994). BACH1 maps
within the region of this proximal partial trisomy 21.

The study of transgenic mice that overexpress BACH1
may contribute to the understanding of potential involve-
ment of this gene in the pathogenesis of Down syndrome.
A mouse model (Ts65Dn) with partial trisomy 16 (which
corresponds to a partial human trisomy 21 from APP to
MX1) has been made that demonstrates impaired perfor-
mance in learning tasks (Reeves et al. 1995). The synteny
between mouse and human genes suggests that BACH1 is
included in the triplicated part of mouse chromosome 16
in these animals and therefore its potential overexpression
in different tissues and stages of development could con-
tribute to its phenotype.
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