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H2A.Z is a replication-independent histone protein species
of the H2A family (1, 2) that has maintained its identity
throughout evolution as a separate H2A species (6). A compari-
son of H2A amino acid sequences shows that the H2A Z pro-
tein contains regions of low homology with other H2A protein
species alternating with regions of high homology (1). In Dro-
sophila, the homologous protein has been shown to be essential
from early development by a knockout and rescue experiment
(7). These findings indicate that H2A.Z performs an essential
cellular function and may form a different type of nucleosome
structure in chromatin. The H2A.Z gene, at locus H2ZAZ, con-
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FIG. 1. Localization by fluorescence in situ hybridization (FISH)
of the human gene HZAZ {o human chromosome 4g24. (A) A meta-
phase chromosome spread after FISH with a biotinylated genomic
DNA probe shows fluorescent signals on both chromatids of the long
arm of chromosome 4. (B) The same spread after G-banding with
Wright’s stain permits the localization of the signal to region 4924,

tains introns and encodes a polyadenylated mRNA species in
contrast to the replication-linked histone genes that lack in-
trons and encode short mRNA species that terminate in a
stem-loop structure (2).

The human gene locus H2AZ was assigned to chromosome 4
by chailenging a panel of 27 human-hamster hybrid cell lines
with oligonucleotide probes specific to two regions of the hu-
man gene. The human gene H2AZ locus has three EcoRI sites,
yielding 2.9-kb upsatream and 4.7-kb downstream fragments
after digestion (see Fig. 1 of Ref. 2). Commercial Southern
blota were obtained with EcoRI-digested DMNA preparations
from the 27 lines (Bios Corp.). An oligonucleotide probe, taa-
gagaacgctagagggagctggtgttca, to intron 3 of the gene gave one
human-specific band on these blots consistent in size with the
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expected 4.7-kb downstream EcoRI fragment; this band was
mapped to chromosome 4 (2 hybrid lines with chromosome 4,
25 without it; 27 concordances, no discordances). A 5'utr oligo-
nucleotide probe, tgecttgettgettgagettcageggaatt, to the up-
stream 2.9-kb fragment vielded two bands on these Southern
blots. The smaller band, consistent in size with the expected
2.9-kb EcoRI gene fragment, was also mapped to chromosome
4 (27 concordances, no discordances). The larger, approxi-
mately 6-kb band was mapped to chromosome 21 (7 hybrid
lines with chromosome 21, 20 without it; 26 concordances, 1
discordance) and may result from a possible pseudogene (2).
From these results, the human gene H2AZ is assigned to chro-
mosome 4; a possible pseudogene is assigned to chromosome
21. Thus, the human gene H2AZ is not part of the clusters of
human replication-linked histone genes that have been as-
signed to chromosomes 1, 6, and 12 (5).

The H2AZ gene locus was determined by fluorescence in
situ hybridization (FISH) as described by Pinkel et al. (3) us-
ing H2AZ genomic fragments, including 3.2 kb of upstream,
0.9 kb of ¢cIDNA, 1.3 kb of intron, and about 2.6 kb of down-
stream sequences. The 7.2-kb Clal-Clal fragment and the par-
tially overlapping downstream 4.8-kb EcoRI-EcoRI fragment
shown in Fig. 1 of Hateh and Bonner (2), were labeled by nick-
translation with biotin-11-dUTP. Chromosome spreads were
prepared from methotrexate-synchronized normal peripheral
leukocyte cultures. After pretreatments to digest RNA and de-
nature the DNA, the spreads were hybridized with the biotin-
labeled DNA probe (200 ng) for 18 h at 37°C in a solution
consisting of 2X 8&C, 50% (v/v) formamide, 10% (w/v) dex-
tran sulfate, 2X Denhart’s solution, 1% Tween 20 (v/v), and 50
u#g human Cyt-1 DNA (GIBCO BRL). After hybridization, the
spreads were washed in 50% formamide, 2X SS5C at 42°C and
in 0.1X SSC at 60°C. The hiotin-labeled DN A was detected by
flucrescein isothiocyanate (FITC)-conjugated avidin DCS and
antiavidin antibodies (Vector Laboratories). Chromosomes
were counterstained with propidium iodide and examined with
a Olympus BH2Z epiflucrescence microscope.

For each chromosomal spread, two consecutive 8-bit gray-
scale images (FITC and propidium iodide) were recorded, pre-
cisely overlaid (GenedJoin Layers), merged (GeneJoin Max-
Pix), and digitally printed on a Phaser IISDX printer. For
chromosome banding, the slides with recorded labeled meta-
phases were stained with DAPI (0.2 ug/ml}. If the DAPI stain-
ing gave unsatisfactory banding patterns, the slides were de-
stained, dehydrated, dried, digested with trypsin (GIBCO
BRL) diluted in Hanks’ balanced salt solution (1:50) for 30 s,
and stained with Wright’s stain {(4). The chromosome spreads
were relocated and the images compared.

As shown in Fig. 1, the H2AZ gene was mapped to chromo-
some 4q24 using this methodology. Only spreads with chromo-
somes exhibiting symmetrical fluorescenf signals on both
chromatids were recorded and included for analysis. Fluores-
cent doublets on chromosome 4 were observed in 71 of 100
metaphases or prometaphases examined on two independent
hybridizations with the probe, Fluorescent doublets were not
observed on any other chromosome. Double symmetrical sig-
nals on both chromosome 4 homologues were initially found
on only four of the examined metaphases, but after an addi-
tional amplification with fluorescein avidin/antiavidin anti-
bodies, the percentage increased to 60%. However, the signal
to background ratio was unacceptable for further analysis.

The location of the signal on the long arm of chromosome 4
was determined on trypsin- or DAPI-banded chromosomes us-
ing on-screen measurements and comparison of enlarged digi-
tal irnages of both labeled and banded chromoesomes. Of a total
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of 44 individual chromaosomes from 38 metaphase spi- sels with
symmetrical doublets, the signal was loenlized oo ¥)-hand
idiogram to chromosome region 4¢q24, {0 which e assign the
locus of the human gene H2ZAZ.
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