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IN SITU HYBRIDIZATION MAPPING OF HISTONE GENES IN
ANOPHELES ALBIMANUS
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ABSTRACT. The histone genes of Anopheles albimanus were mapped by in situ hybridization to 6
bands in Region 34A on the right arm of chromosome 3. A genomic library was made by cloning
fragments of 15 to 23 kb (derived from partial EcoRI digestion) into the phage vector, EMBLA4, and
probed with the histone gene repeat of Drosophila melanogaster. Thirty-two phages containing histone
gene sequences were isolated from about 10° plaque-forming units (pfu). Complete EcoRI digestion of
DNA from 5 of the 32 recombinant phages and the genomic DNA of An. albimanus yielded a single 3.84-
kb fragment that contained sequences homologous to the 5 histone genes of D. melanogaster. This 3.84-
kb unit of mosquito histone genes was subcloned into puc19 plasmid, and the resulting clone (palbi34A)
was used for in situ hybridization to salivary gland chromosomes.

INTRODUCTION

As a part of our research on the genetics of
anopheline mosquitoes, we are mapping genes
on the polytene chromosomes through in situ
hybridization. Recently, we used heterologous
clones of the histone genes from Drosophila
melanogaster Meigen to clone the histone genes
from Anopheles albimanus Wied. and subse-
quently determined through in situ hybridiza-
tion the location of the histone loci on the
polytene chromosomes from salivary glands of
An. albimanus.

Histone genes are a class of middle repetitive
DNA sequences that occur as highly organized
tandemly repeated quintets in Drosophila and
other insects. In other organisms, the histone
genes are randomly arranged dispersed clusters,
e.g., in several species of sea urchins. These
genes are usually turned on during DNA syn-
thesis, consist of 5 classes of basic proteins, and
are associated with DNA in organizing chro-
matin architecture by compacting DNA to form
nucleosomes, the basic units of chromatin and
thus the chromosomes. Histone genes are typi-
cally clustered in the eukaryote genome, and for
that reason they can serve as a good marker in
the genome for locating other closely linked
genes (Maxson et al. 1983).

MATERIALS AND METHODS

Enzymes and molecular weight marker DNA
were purchased from Life Technologies, Inc.
(Gaithersburg, MD). The phage lambda replace-
ment vector (EMBL4), DNA and the packaging
extract (Packagene) were purchased from Pro-
mega Biotech (Milwaukee, WI). Growth media,
buffer formulation, and maintenance of bacte-
rial strains and phages are the same as described
in Maniatis et al. (1982). A clone of the histone
gene repeat, 1-aDm 3000-1, of D. melanogaster
and clones of individual Hae II fragments of the

histone gene repeat (source of individual histone
genes) were obtained from D. S. Hogness, Stan-
ford University, CA.

A genomic DNA library, consisting of large
(15- to 23-kb) random, EcoRI genomic DNA
fragments from An. albimanus was established
by existing techniques (Bingham et al. (1981)
for isolation of DNA; Maniatis et al. (1982) for
digestion of DNA with EcoRI; Frischauf et al.
(1983) for cloning into the EMBL4 vector). A
clone of Drosophila histone gene repeat was used
to screen the genomic library for phages con-
taining sequences of the histone genes of An.
albimanus by using a standard hybridization
protocol (Maniatis et al. 1982). Duplicate posi-
tive phages were used for 2nd and 3rd screening
to purify individual phages. A 3.84-kb EcoRI
insert was isolated from positive phages and
subcloned into pucl9 plasmid. The recombinant
plasmid was designated as palbi34A.

Single and double digests of the histone clone,
palbi34A, with restriction endonuleases were
probed with individual histone genes (H1, H2A,
H2B, H3 and H4) of D. melanogaster to deter-
mine the relative positions of individual genes
of mosquito in the 3.84-kb insert.

In situ hybridization of the mosquito histone
gene clone (palbi34A) to the polytene chromo-
somes of Anopheles albimanus was done by the
procedure of Pardue and Gall (1975). For each
slide, 20 ul of hybridization solution containing
4 % 10° to 1 X 10° CPM probe (plasmid palbi34A)
was used. The slides were washed in buffers of
varying stringencies (2 X to 6 X SSC) to detect
possible regions of weaker hybridization. Six-
teen slides, each with at least 5 well spread
polytene chromosome complements, were used
for in situ hybridization. A group of 4 slides each
was used for hybridization using 6 X TNS, 4 X
TNS, 3 X TNS and 2 X TNS buffer concentra-
tion, respectively. Within each group, one slide
each was washed in 6 X SSC, 4 X SSC, 3 X SSC
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Fig. 1. Schematic representation of the gene order in the histone gene repeat, palbi34A, in Anopheles

albimanus.

Fig. 2. The histone gene repeat, palbi34A, hybridized to region 34A on the right arm of chromosome 3 of

Anopheles albimanus (shown by arrow).

and 2 X SSC, respectively (refer to Pardue and
Gall (1975) for buffers and standard procedure
of in situ hybridization). These variables in
buffer concentrations were used with the aim of
identifying the location of chromosome regions,
containing either histone genes or cluster of
genes with variable degrees of homologies to the
cloned histone sequences in a sample of 16 mos-
quito larval genomes (approximately 80 chro-
mosome complements).

RESULTS AND DISCUSSION

Thirty-two phages containing histone gene
sequences were isolated from about 10° plaque-
forming units (pfu). Complete EcoRI digestion
of DNA from 5 of the 32 recombinant phages
and the genomic DNA of An. albimanus yielded
a single 3.84-kb fragment that contained se-
quences homologous to the 5 histone genes of D.
melanogaster as determined by Southern hybrid-

ization tests. One of the 3.84-kb EcoRI fragment
(designated as palbi34A) containing the histone
gene repeat was selected for further character-
ization and the in situ hybridization experiment.
The palbi34A clone also showed hybridization
with each of the 5 histone genes of Drosophila,
indicating that the EcoRI fragment represents a
repeat unit of the histone genes of An. albimanus
(Fig. 1). The results of in situ hybridization
experiments (Fig. 2) showed that the binding of
radiolabeled probe of palbi34A was very specific
and limited to 6 neighboring bands in region
34A on the right arm of chromosome 3. There-
fore, our evidence indicates that the histone loci
of An. albimanus were shown to occur in clusters
in region 34A of 3R. The results of the Southern
hybridizations conducted with the 5 histone
genes of D. melanogaster also indicated that the
genes are likely arranged in tandem repeats.
Histone genes also occur in tandem repeats in
D. melanogaster (Lifton et al. 1977). This tan-
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dem arrangement is in contrast to the irregular
arrangement of histone genes of mouse, chicken
and human (Maxson et al. 1983). Polymorphic
organization of histone genes has also been re-
ported in yeast (Hereford et al. 1979); toad,
Xenopus laevis (Van Dongen et al. 1981); and in
newt, Notophthalamus viridiscens (Stephenson
et al. 1981).
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