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The genes for the bHLH-Zip transcription factors
Tfapd, Mxil, Tcfeb, Usfl, and Usf2 have been mapped
in mouse by interspecific backcross analysis. Mxil,
Usfi, and Usf2 have been mapped previously by in
situ hybridization, but their positions on the meiotic
linkage map had not been determined. The other two
genes have not previously been mapped in mouse.
These transcription factors belong to a growing fam-
ily of transcriptional regulators, some of which are
known to form a complex network of interacting pro-
teins that control cell proliferation and apoptosis. As
expected, based on mapping studies of other bHLH-
Zip genes, these loci were well distributed among
mouse chromosomes. In addition, some of the probes
used in this study detected multiple, independently
segregating loci, suggesting the possible existence of
additional family members or species-specific pseu-
dogenes. © 1985 Academic Press, Inc,

INTRODUCTION

Transcription factors of the basic—helix—loop-he-
lix—zipper (bHLH-Zip) family have been isolated in
many different studies of cell-specific transcriptional
control in eukaryotes. Proteins of this family contain a
basic domain, used for DNA binding, and HLH and
Zip domains, both used for oligomerization. Although
several of the family members have been shown to con-
tain transcriptional regulatory domains and nuclear
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localization signals, sequence similarity usually does
not extend outside the bHLH-Zip domains.

As part of our effort to understand better the physio-
logical functions of bHLH-Zip proteins, we have deter-
mined the murine chromosomal location of five family
members, Tfap4, Mxil, Tefeb, Usfl, and Usf2. AP4 was
identified as a human cellular protein that binds to a
CAGCTG binding sequence in the SV40 enhancer and
activates viral late gene transcription (Mermod et al.,
1988; Hu et al., 1990). AP4 can also act synergistically
with AP1 to activate both hMTIIA and SV40 late gene
transcription (Mermod et al., 1988). TFEB was isolated
from a human B-cell ¢cDNA library using a binding se-
guence from the adenovirus major late promoter {Carr
and Sharp, 1990). USYF was initially identified as a
human cellular factor that binds to the upstream ele-
ment CACGTG of the adenovirus major late promoter
and stimulates transcription (Sawadogo and Roeder,
1985; Carthew et al., 1985, 1987; Gregor ef al., 1990), It
has been implicated in the expression of tissue-specific
genes such as human growth hormone (Peritz et ol.,
1988), mouse metallothionein I {Carthew et al., 1987),
rat y-fibrinogen (Chodosh et al., 1987), and Xenopus
TFIIIA (Scotto et al., 1989). Later, USF was shown to
consist of two factors, USF1 and USF2 (Sawadogo et
al., 1988), both of which are present in many different
cell types (Carthew et al., 1987; Sirito et al., 1994).
USF2 was also isolated from a Hel.a-cell expression
library as a protein (referred to as FIP) that interacts
with the bZip protein FOS (Blanar and Rutter, 1992).
In vitro experiments showed that this protein binds to
the CACGTG sequence of the adenovirus major late
promoter and forms stable dimers with FOS only when
the zipper domain of USF2 is present. MXI1 was iso-
lated from a HeLa cell library, using a yeast interactive
cloning system, as a protein that interacts specifically
with MAX (Zervos et al., 1993). This protein binds the
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TABLE 1

Loci Mapped in Interspecific Backeross Mice

Fragment sizes®

Locus Probe Enzyme C57BL/G M. spretus
Tfapd pT75/AP-4; 1.5-kb HindIII-BamHI fragment Hinell 4.7, 2.7, 0.96 3.4, 2.4, 0.96
of human cDNA -
Bgll 15.5,9.4, 5.2, 1.3 155, 11.5,
1.3
Mxil pMXI.1; 2.4-kb EcoRI fragment of human ¢DNA EcoRI 8.6,54,3.0 24 4.6, 3.5
Tefeh pBS-TFEB; human cDNA fragment Bgll 4.9, 2.6 53,24
T12; 188-bp genomic mouse PCR fragment Sacl 6.7 58
Usfl p43MO12; 650-bp mouse cDNA fragment FEcoRI 94,6.3,3.3 94,63, 3.6
pWI11AX; ~1-kb Puull fragment of a mouse cDNA, Xbal 8.0, 6.8, 4.8, 3.1 7.8,5.3, 4,
3’ untranslated region 82
Usf2 pBAT9-FIP; 0.9-kb EcoRI fragment of human cDNA Xbal 5.3,4.6, 2.3 9.4, 5.3, 3.8
pM2; 1.7-kb mouse ¢cDNA fragment HindIII 23.0, 16.0, 9.4 94,44

“The underlined restriction fragment sizes indicate the restriction fragments typed in the backeross analysis.

® The two underlined fragments cosegregated.

MYC-MAX consensus site as a dimer with MAX; how-
ever, it does not seem to contain a transcriptional acti-
vation domain and may therefore be involved in seques-
tering MAX proteins in the cell to limit the number
of functional MYC—-MAX heterodimers (Zervos et al.,
1993},

MATERIALS AND METHODS

Mice. C57TBL/6J and Mus spretus mice were maintained at the
NCI-Frederick Cancer Research and Development Center. The M.
spretus mice used for the interspecific backcrosses were a gift from
E. M. Eicher (The Jackson Laboratory, Bar Harbor, ME). The
((C5TBL/6J x M. spretus)F, X C57BL/6J) interspecific backcross was
performed at the NCI-FCRDC. Various subsets from 205 N, progeny
were used for mapping,

Probes. The probes used to map these transcription factors are
listed in Table 1. All probes were haman ¢DNA probes, except the
Usf1 probes and the Usf2 probe pM2 which are mouse cDNA probes,
and the PCR generated Tcfed probe, which was made from a mouse
genomic A clone containing the gene (E.S., N.G.C., and N.A.J., unpub-
lished results). The primers used for generating the Tecfeb probe are
5"TGAACATGGCTGAGCTGGCCCAGS' and 5'GTGGCTGAAGTC-
CAGGTGATGGAAS’, corresponding to nucleotides 1320 through
1342 and 1507 through 1474, respectively, of the human Tfeb ¢DNA
{Carr and Sharp, 1990).

The map locations in our interspecific backeross of marker loci
used to position UsfI-rs7 on chromosome 8 and Mxi{ on chromosome
19 are reported for the first time in this paper. These loci and their
corresponding probes are as follows: A 1.43-kb mouse Lpl ¢cDNA
probe (Kirchgessner ef al., 1989) detected 5.0-, 4.4-, 3.6-, 0.7-, and
0.5-kb Tagl fragments in C5TBL/EJ DNA and 10,5-, 5.0-, 2.8-, 0.8-,
0.6-, and 0.5-kb Tagl fragments in M. spretus DNA, The 10.5-
2.8-, 0.8-, and 0.6-kb M. sprefus-specific fragments all cosegregated
and were used to follow the segregation of the Lpl locus in backeross
mice. A 5.8-kb genomic clone containing the human Adra2a gene
(Kobilka et al, 1987) detected 6.9-, 5.8-, and 2.3-kb HindIll frag-
ments in C57BL/6J DNA and 8.2-, 6.9-, 58-, and 2.3-kb HindIII
fragmentsin M. spretus DNA. The 8.2-kb fragment was used to follow
the segregation of the Adra2a locus.

The map locations in our interspecific backcross of several addi-
tional marker loci used to position the bHLH-Zip loci have been
previously reported as follows: chromosome 1, At3, Spnal, and Tgfb2
(Dickinson et al., 1990); chromosome 2, Acre and Cas? (Siracusa et

al., 1990); chromosome 7, TgfbI (Dickinson et al., 1990}, Gpil (Sira-
cusa ef al., 1991), and Rras (Law et al., 1993); chromosome 8, Scvr
(Freeman ef al., 1990); chromosome 16, Prm1, Igl, and Smst (Bressan
et al., 1991); chromosome 17, Cak, Ticl /Pim2, and Vav (Perez et al.,
1994); chromosome 19, Bpeg2 (Copeland et al., 1993a); and chromo-
some X, Pgkl and Btk (Rawlings et ql., 1993).

DNA isolation and Southern blot analysis, High-molecular-
weight genomic DNAs were prepared from frozen mouse tissues as
described (Jenkins ef al., 1982}, Restriction endonuclease digestions,
agarose gel electrophoresis, and Southern blot transfers and hybrid-
izations were performed as described (Jenkins et al., 1982), All blots
were prepared with Zetabind nylon membrane (Cuno).

Probes for the Tfapd, Mxi1, Tcfeb, Usfl, and Usf2 loci were labeled
with [@-**P]dCTP using a Prime-It II random priming kit (Stra-
tagene). Washing was carried out to a final stringency of 0.5x—1.0x
S5CF, 0.1% SDS at 65°C,

Staiistical analysis, Statistical analysis of the recombination fre-
quencies from the resuits of the interspecific backeross was per-
formed as described (Green, 1981} using the computer program
SPRETUS MADNESS. Gene order was determined by minimizing
the number of recombination events required to explain the allele
distribution patterns (“pedigree analysis”) (Avner ef al., 1988).

RESULTS AND DISCUSSION

The murine chromosomal locations of the bHLH-Zip
transcription factor genes Tfap4, Mxil, Tcfeb, Usfl,
and Usf2 were determined by interspecific backcross
{IB) analysis using progeny derived from matings of
{((C57BL/6J x M. spretus)F, x C5TBL/6J) mice. This
IB mapping panel has been typed for over 1800 loci
that are well distributed among all of the mouse au-
tosomes and the X chromosome (Copeland ef al.,
1993b). DNA from C57BL/6J and M. spretus mice was
digested with several restriction enzymes and ana-
lyzed by Southern blot hybridization for informative
restriction fragment length polymorphisms (RFLPs),
using each of the bHLH-Zip probes listed in Table 1.
Only M. spretus-specific RFLPs were followed in the
backceross mice since all backcrosses were to C57BL/
8J and C57BL/6J-specific RFLPs could be followed
only by hybridization intensity. The strain distribu-
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FIG. 1.

Partial mouse chromosome linkage maps showing the map locations of Tfapd, Mxil, Tcfeb, Usfl, and Usf2. The number of

recombinant N, animals over the total number of N; animals typed plus the recombination frequencies expressed as genetic distances in
centimorgans (=1 standard error) is shown for each pair of loci to the left of the chromosome maps. Where no recombinants were found
between loci, the upper 95% confidence limit of the recombination distance is given in parentheses. No double crossover events were observed
for the markers analyzed. The positions of loci mapped in human chromosomes are shown to the right of the chromosome maps. References
for the map positions of most human loci can be obtained frommn GDB (Genome Data Base), a computerized database of human linkage
information maintained by the William H. Welch Medical Library of The Johns Hopkins University (Baltimore, MD),

tion pattern of each RFLP in the IB mice was then
determined and used to position the bHLH-Zip loci on
the interspecific map.

The mapping results showed that these bHLH-Zip
transcription factors are well dispersed throughout the
mouse genome as each locus mapped to a different
mouse chromosome (Fig. 1). The human MXI1 probe
detected two independently segregating M. spretus-
specific fragments (Table 1). One of these fragments
mapped to chromosome 19 and the other to chromo-
some 2 (Fig. 1). The human MXI1 gene has been

mapped to chromosome 10g24-g25, which shows a re-
gion of linkage homology to mouse chromosome 19
{Edelhoff et al., 1994; Wechsler et al., 1994; Shapiro et
al., 1994). We therefore assume that the chromosome
19 locus represents the authentic mouse Mxii locus.
These interspecific mapping results are consistent with
in situ mapping data, which assigned the murine Mxi1
locus to chromosome 19D and a related Mxif locus to
chromosome 2C (Edelhoff et al., 1994).

Two different probes were used to map UsfI (Table
1). The p43MO12 probe, which centains Usf? coding
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sequences, detected a 3.6-kb M. spretus-specific EcoRI
fragment that mapped to the X chromosome. A 12.5-
kb M. spretus-specific Hincll fragment also mapped to
the X chromosome (data not shown). The pW11AX
probe, which contains Usf1 3’ untranslated sequences,
detected two M. sprefus-specific fragments, 4.0 and 5.3
kb in size, that mapped to chromesome 8 and chromo-
some 1, respectively. The Usf! locus on chromosome 1
likely represents the authentic Usf1 locus, since in situ
hybridization has been used to map this gene to mouse
chromosomes 1 and 11 (Henrion et al., 1995). While
the position on chromosome 1 is consistent with our
mapping data, the positions on chromesomes 8, 11, and
X may reflect strain-specific differences between Mus
spretus, used in our study, and the WMP strain used
by Henrion et al. (1995). In addition, the human USF1
locus has been mapped to human chromosome 1g22—
q23 (Shieh et al., 1993), which shows a region of linkage
homology to mouse chromoseme 1, A USF1 pseudogene
has been reported to reside on human chromosome 21
(M. Sawadogo and M. J. Siciliano, unpublished results),
a region that is not homologous to any of the mouse
Usf1 loci.

The identification of one Mxi1- and two UsfI-related
loci in mouse raises the interesting question of whether
these loci represent previously unidentified bHL.H-Zip
genes. While this may be the case, no human MXI1-
related loci have been identified. One human USF1-
related locus has been identified, but it does not map to
a region conserved with any of the mouse UsfI-related
genes. It is possible that additional studies may iden-
tify such loci; however, it is also possible that these loci
represent species-specific pseudogenes.

The human chromosomal locations of Tcfeb and Usf2
can be predicted on the basis of known human and
mouse linkage homologies (Fig. 1). Tcfeb maps to
mouse chromosome 17 in a region of linkage homology
with human chromoseme 6p21, suggesting that the hu-
man TCFEB locus will map to chromosome 6p21. Like-
wise, Usf2 is flanked by loci that map to human chromo-
some 19ql3, suggesting that the human USF2 locus
will map to chromosome 19q13. Tfap4 maps 1.1 cM
proximal of Prm1, which maps to human chromosome
16p13.13, suggesting that the human homologue of
TFAP4 will map to chromosome 16pl3. However, as
Tfap4 is the most proximal gene mapped so far to
mouse chromosome 16 and the proximal extent of the
human chromosome 16 homology has not been defined,
it is not possible to predict with certainty the human
chromosomal location of TFAP4.

Finally, several of the genes mapped in this study
are located in the vicinity of known mouse mutations.
However, more details about the function and expres-
sion patterns of these genes are needed before any rela-
tionship between these genes and mutations can be
established.
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