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Four highly conserved members of the skeletal pro-
tein 4.1 gene family encode a diverse array of protein
isoforms via tissue-specific transcription and develop-
mentally regulated alternative pre-mRNA splicing. In
addition to the prototypical red blood cell 4.1R (hu-
man gene symbol EPB41,) these include two homo-
logues that are strongly expressed in the brain (4.1N,
EPB41L1; and 4.1B, EPB41L3) and another that is
widely expressed in many tissues (4.1G, EPB41L2). As
part of a study on the structure and evolution of the
4.1 genes in human and mouse, we have now com-
pleted the chromosomal mapping of their respective
loci by reporting the localization of mouse 4.1N, 4.1G,
and 4.1B, as well as human 4.1B. For the mouse 4.1
genes, Southern blot analysis of RFLPs in The Jackson
Laboratory BSS interspecific backcross yielded the
following assignments: 4.1N (Epb4.111,) chromosome 2;
4.1G (Epb4.112,) chromosome 10; and 4.1B (Epb4.113,)
mouse chromosome 17. Human 4.1B was physically
mapped to chromosome 18pll using fluorescence in
situ hybridization. All of the mouse genes mapped
within or adjacent to regions of conserved synteny
with corresponding human chromosomes. We con-
clude that a set of four paralogous 4.1 genes has been
evolutionarily conserved in rodents and primates.
© 1998 Academic Press

The protein 4.1 superfamily encompasses a group of
structural proteins that play important roles in mem-
brane biophysical processes through their interactions
with actin, members of the spectrin family, and the
cytoplasmic domains of integral membrane proteins
(14). The prototypical member of this family is the
major 80-kDa protein 4.1R isoform found in red blood
cells, where it is a key component of the erythroid
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membrane skeleton that underlies and mechanically
supports the plasma membrane. The 4.1R gene
(EPBA41) is noteworthy for elaborate alternative pre-
MRNA splicing pathways by which it encodes tissue-
specific protein isoforms (1, 3, 13, 16). Mutations in this
gene result in membrane mechanical defects and mor-
phological abnormalities characteristic of the red cell
disorder, hereditary elliptocytosis (5). The 4.1R human
gene (EPB41) maps to chromosome 1p33—-p34.2 (4, 15),
whereas the mouse 4.1R gene (Epb4.1) maps to a re-
gion of conserved synteny on mouse chromosome 4 (12).

Recently, three novel members of the 4.1 gene super-
family were reported. These include a neuronal homo-
logue (4.1N or EPB41L1) (9, 17), a widely expressed
homologue (4.1G or EPB41L2) (11, 18), and another
brain homologue (4.1B or EPB41L3) (10). These new
genes encode proteins that are highly homologous to
the prototypical 4.1R in three key structural domains:
the membrane binding domain, the spectrin—actin
binding domain, and the conserved C-terminal domain.
As part of our studies of 4.1 gene structure and evolu-
tion, we now report the mapping of all three mouse
nonerythroid 4.1 genes, as well as the human 4.1B
gene.

We mapped the mouse 4.1N gene (Epb4.111) by
Southern blot analysis using 94 progeny from The
Jackson Laboratory BSS interspecific backcross
((C57BL/6JEiI x SPRET/Ei)F, X SPRET/EI) (12). Us-
ing a 3.5-kb mouse 4.1N cDNA as hybridization probe,
we identified a BamHI RFLP (C57BL/6JEi, 9.9 and 2.5
kb; SPRET/EI, 7.5 kb) with which to follow segregation
of Epb4.111 alleles. Epb4.1l11 was thus mapped to
mouse chromosome 2, 90 cM distal to the centromere
(Fig. 1A), a region of conserved synteny with human
chromosome 20q11.2-q13.1 (2), to which the human
4.1N gene (EPB41L1) has been mapped (7; and Weier,
unpublished results).

Using a 1.5-kb fragment of mouse 4.1G cDNA (Ac-
cession No. AF044312, nt 13-1539) as the hybridiza-
tion probe, we mapped the mouse 4.1G gene (Epb4.112)
by the same approach employing Southern blot exper-
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FIG. 1. Chromosomal localization of mouse 4.1 genes. (A-C) Localization of mouse 4.1 genes using The Jackson Laboratory BSS panel.
Epb4.111 mapped to chromosome 2 (A), Epb4.112 to chromosome 10 (B), and Epb4.113 to chromosome 17 (C). Genetic distances between
markers (percentage recombination = SE) are indicated to the left of each chromosome, and gene symbols are shown on the right. Missing
typings in nonrecombinant animals were inferred from flanking markers. The typing data have been placed in the Mouse Genome Database
(Accession No. J47260) and can be accessed through the World Wide Web (http://www.jax.org). The panel data and references for mapping
the other loci are publicly available from The Jackson Laboratory Mapping Resource through http://www.jax.org/resources/documents/
cmdata. (D) For comparison, localization of mouse 4.1R to chromosome 4 is shown.

iments with the interspecific backcross panel. Segrega-
tion of Epb4.112 (mouse 4.1G) alleles was followed us-
ing an Xbal RFLP (C57BL/6JEi, 6.6 and 5.4 kb;
SPRET/EI, 5.0 and 4.1 kb). No recombination occurred
between Epb4.112 and the Aco2 gene, localizing
Epb4.112 to mouse chromosome 10, approximately 20
cM distal to the centromere (Fig. 1B). This region of
mouse chromosome 10 shares extensive homology with
the human chromosome 6q22-qg23 (2), to which the
human 4.1G gene (EPB41L2) has been mapped (11).

The fourth member of the 4.1 gene family, protein
4.1B, has not previously been mapped in human or
mouse. We mapped the mouse 4.1B gene (Epb4.113)
using a Sacl RFLP (C57BL/6JEi, 6.8 kb; SPRET/EI, 5.0
kb) in the interspecific backcross panel. The hybridiza-
tion probe was a 1.0-kb fragment of mouse cDNA (EST
clone L26705), whose sequence was confirmed in our
laboratory to include a portion of the C-terminal coding
domain as well as the 3’ untranslated region of mouse
4.1B. Epb4.113 was nonrecombinant with the marker
D17Xrf 279, placing Epb4.113 on mouse chromosome
17, approximately 42.5 cM distal to the centromere
(Fig. 1C).

The human EPB41L3 gene was localized using a
multicolor fluorescence in situ hybridization (FISH)
approach, using a 4.1B probe derived as follows. The
partial sequence of human 4.1B, represented within
expressed sequence tag clones AA307056, AA321945,
and AA340302, was used to design PCR primers
(sense, 5'-AGGAAGAACTGCTGGGCTTCCTGTG-3';
and antisense, 5'-TGTGATGCAGGTGATCGTGTA-
ATGG-3') to screen a human genomic BAC library
(Research Genetics, Huntsville, AL). A 185-kb clone
isolated by this approach was confirmed to include

sequences encoding several internal domains of 4.1B as
well as the 3'UTR. After preliminary studies localized
this probe provisionally to chromosome 18, mapping
was repeated using a known chromosome 18 marker,
clone 945B6 from the CEPH/Généthon YAC library
(20); a kind gift of Dr. J. Fung, University of California,
San Francisco). The YAC probe was prepared as pre-
viously described (19). Figure 2 shows a two-color FISH
(6) experiment carried out using biotin-labeled 4.1B
genomic DNA (detected with avidin-FITC, green) and a
digoxigenin-labeled chromosome 18 YAC marker (de-
tected with rhodamine-conjugated anti-digoxigenin an-
tibody, red). As shown in Fig. 2, EPB41L3 mapped to
human chromosome 18p11.32 (green signal), almost
colocalizing with the control probe hybridizing to its
expected location at 18p11.32. The assignment of hu-
man and mouse 4.1B genes to these loci on chromo-

11.32—

FIG.2. Mapping of human 4.1B (EPB41L3) to chromosome 18 by
multicolor FISH. (Left) Biotin-labeled 4.1B genomic DNA, detected
with avidin-FITC (green), and digoxigenin-labeled YAC 945B6, de-
tected with rhodamine conjugated anti-digoxigenin antibodies (red).
(Center) The DAPI image suggests a map position in band p11.32 as
indicated in the idiogram shown at the right. Seven metaphase
spreads were examined, and all 14 chromosomes visualized were
consistent in the localization of EPB41L3 to this position.
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somes 18 and 17, respectively, extends the region of
conserved synteny known to exist between these two
chromosomes (2).

A summary of the gene assignments in the 4.1 gene
family is as follows: 4.1R, human chromosome 1/mouse
chromosome 4; 4.1G, human chromosome 6/mouse
chromosome 10; 4.1N, human chromosome 20/mouse
chromosome 2; 4.1B, human chromosome 18/mouse
chromosome 17. These gene locations are all self-con-
sistent in that the corresponding mouse and human
sites are all in or adjacent to known regions of con-
served synteny.

The finding that four known protein 4.1 genes are
expressed in the mammalian genome parallels similar
results observed with other members of the erythroid
membrane skeleton. Three distinct ankyrin genes
(ANK1, ANK2, and ANKS3), four spectrin genes
(SPTA1, SPTA2, SPTB, and SPTBN1), and three band
3 genes (AE1, AE2, and AE3) are known, and in each
case the individual family members are genetically
unlinked. It is interesting to speculate that a single
copy of each may have existed in the genome of a
primitive ancestor and that the paralogous genes ex-
isting in modern vertebrate genomes may have arisen
via tetraploidization of the genome (8). Each gene has
evolved a distinct pattern of expression regulated by
transcriptional and RNA splicing processes, thus en-
coding a family of proteins likely to play diverse roles
in skeletal structures of many eukaryotic cell types.
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