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Putative Histone H2A Genes from a Red Alga, Griffithsia japonica
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Histones are important proteins that interact with the DNA double helix to form nucleosome. Two putative his-
tone genes, GjH2A-1 and GjH2A-2 were isolated from a red alga Griffithsia japonica. The putative open reading frame
of GjH2A-1 and GjH2A-2 shared high similarity with the previously reported amino acid sequences of histone
H2As. They have a motif consisting of seven amino acids A-G-L-Q-F-P-V, which matches the histone H2A motif
[AC]-G-L-x-F-P-V. Phylogenetic trees were constructed from amino acid sequences of 38 histone H2As. The histone
H2As were divided into two groups: major H2As and H2A.F/Z variants. The major histone H2A group consisted of
animals, fungi, plants + green algae, and red algae H2A subgroups. The animal histone H2A subgroup was divided
into vertebrates, echinoderms, nematodes, insects, and segmented worms H2As. The putative red algal histone
genes, GjH2A-1 and GjH2A-2, constituted an independent lineage. This is the first report on red algal histone genes.
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INTRODUCTION

Histones are small, basic proteins that interact with the
DNA double helix to form nucleosomes (Mcghee and
Felsenfeld 1980). There are five classes of histone pro-
teins: H1, H2A, H2B, H3, and H4. The four core histones
(H2A, H2B, H3 and H4) form an octameric assembly
around which 146 base pairs of DNA wraps to form
nucleosome (Kornberg and Thomas 1974). Histone H1
binds to the linker DNA found between these nucleo-
somes, playing a role in the stabilization and formation
of higher-order chromatin structure (Noll and Kornberg
1977). The core histones are highly conserved across
their entire sequences (Thatcher and Gorovsky 1994),
therefore the histone sequences can be used as molecular
markers for classification of higher hierarchy.

The total number of histone genes in a species is vari-
able. For example, the genomic sequence of
Saccharomyces cerevisiae includes two genes for each his-
tone (Goffeau et al. 1996). Aspergillus nidulans has single
genes encoding H2A, H2B, and H3 and two genes
encoding slightly different H4 proteins (Ehinger et al.
1990). On the other hand, sea urchin has a few hundred
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copies of histone genes (Ingham and Davis 1988). The
histone genes are organized into tandemly repeating
quintets of the five histones (Melfi et al. 2000), formed
into one or two large clusters (Wang et al. 1996), or dis-
persed throughout the genome in small groups of one to
few copies (Roberts et al. 1987). For most histones are
encoded by multigene families (Chaboute et al. 1993),
classification of histone gene families is important for
their taxonomic application as molecular markers.

In this study, we report two putative histone H2A
genes of a red alga Giriffithsia japonica. We also examine
phylogenetic relationship of histone H2As and their
potentiality as a molecular marker.

MATERIALS AND METHODS

Strains and culture conditions

Griffithsia japonica was collected from Dolsan Island on
the southern coast of Korea on 3 April, 1992, and cul-
tured as described in a previous paper (Lee et al. 1995).
The samples were blotted with paper towel to remove
extra moisture, quickly frozen in liquid nitrogen, and
stored at —70°C until they were used.

Construction of cDNA library
Total RNA was extracted from G. japonica using the
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Table 1. A list of histone H2A protein sequences analyzed in this study.

Species GI No.2 Group Phylum Common Name
Arabidopsis thaliana 1 7595337 Plants Magnoliophyta Thale cress
Arabidopsis thaliana 2 4585900 Plants Magnoliophyta Thale cress
Arabidopsis thaliana 3 2407800 Plants Magnoliophyta Thale cress
Aspergillus niger 2632155 Fungi Ascomycota

Bombyx mori 1842152 Animals Arthropoda Silkworm
Botryotinia fuckeliana 3242067 Fungi Ascomycota

Caenorhabditis elegans 1 2144740 Animals Nematoda The elegant worm
Caenorhabditis elegans 2 17541830 Animals Nematoda The elegant worm
Chaetopterus variopedatus 2564109 Animals Annelida Segmented worm
Chironomus thummi 2118978 Animals Arthropoda Midge
Chlamydomonas reinhardtii 2118984 Green algae Chlorophyta

Cricetulus longicaudatus 516303 Animals Chordata Long-taled hamster
Drosophila melanogaster 1 2144741 Animals Arthropoda Fruit fly

Drosophila melanogaster 2 84999 Animals Arthropoda Fruit fly

Gallus gallus 1 122000 Animals Chordata Chicken

Gallus gallus 2 121988 Animals Chordata Chicken

Griffithsia japonica 1 32401019 Red algae Rhodophyta

Griffithsia japonica 2 32401021 Red algae Rhodophyta

Homo sapiens 1 121986 Animals Chordata Human

Homo sapiens 2 11513399 Animals Chordata Human

Mus musculus 1 51325 Animals Chordata Mouse

Mus musculus 2 1575713 Animals Chordata Mouse

Oryctolagus cuniculus 3108211 Animals Chordata Rabbit

Oryza sativa 6319146 Plants Magnoliophyta Rice

Paracentrotus lividus 1654076 Animals Echinodermata Common urchin
Parechinus angulosus 70694 Animals Echinodermata Angulated urchin
Pinus taeda 2317760 Plants Pinophyte Loblolly pine
Platynereis dumerilii 102609 Animals Annelida Dumeril’s clam worm
Psammechinus miliaris 85350 Animals Echinodermata Sand urchin

Rattus norvegicus 1 56347 Animals Chordata Norway rat

Rattus norvegicus 2 92380 Animals Chordata Norway rat
Saccharomyces cerevisiae 1582561 Fungi Ascomycota Baker’s yeast
Schizosaccharomyces pombe 1 70703 Fungi Ascomycota Fission yeast
Schizosaccharomyces pombe 2 70704 Fungi Ascomycota Fission yeast
Triticum aestivum 536892 Plants Magnoliophyta Bread wheat
Urechis caupo 102645 Animals Annelida Spoonworm
Volvox carteri 99436 Green algae Chlorophyta

Xenopus laevis 1685280 Animals Chordata African clawed frog

@ GenBank information number

TRI reagent (Molecular Research Center, Inc. USA).
Poly(A)* RNA was isolated using the polyATtract
mRNA isolation kit (Promega, USA) according to the
manufacturer’s manual. After electrophoresis of 50 ug
mRNA, the fragments with size = 500 bp were purified
from the agarose gel. The cDNA library was constructed
from the purified mMRNA using ZAP-cDNA Gigapack |11
Gold Cloning Kit (Stratagene, USA) according to the
manufacturer’s manual.

Excision and sequencing

The cDNA library was excised using ExAssist helper
phage (Stratagene, USA). Each monoclone containing G.
japonica cDNA was cultured in 3 ml LB, and plasmid
DNA containing G. japonica cDNA was extracted with
AccuPrep plasmid Extraction Kit (Bioneer, Korea). The
purified plasmid DNA was sequenced with T3 or T7
primers using an ABI PRISM 3100 Genetic Analyzer
(Applied Biosystems, USA). Vector masking, contig
assembly, and Blast search were performed using
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GjHZA-1 1 ATGTCTGGAAAAGTCAAGAAGACCTCTCAGTCGCGCTCCAGCAAGGCCGGGCTGCAGTTC
M S G KV K KTS

GiHzA-2 ATGTCTGCCAAAGTCAAGAAGGCGTCCCAGTCCCGTTCCAGCAAAGCCGGTCTCCAGTTC
M S AKVEXKKASQS RS SKAGLA G QTF

GjHZA-1 61 CCGGTCGGTCGTATCGACCGCTTCCTCCGCAAGGGCGGCTACGCCGACCGCGTGGGCGCC
PVGRTIDRPFLRIKGGYADI RVG A 40

GjHZA-2 CCCGTCGGCCGTATCGATCGTTTCCTTCGCAAGGGTGGCTATGCTGATCGTGTTGGAGCT
PVGRIUDRTPFLR RIKGSGYADTRVG A

GjH2A-1 121 GGCGCCCCTGTGTATATGGCCGCCGTCATGGAGTACTTGACGGCCGAGGTGCTCGAGCTC
G AP VY

GjH2A-2 GGTGCTCCCGTGTACATGGCTGCCGTCATGGAATATTTGACCGCCGAAGTGCTCGAGCTC
G APVYMAAVMETYLTAEU VLEITL

GjH2A-1 181 GCCGGCAACGCCGCCCGCGATAACAAGAAGTCCCGTATCATCCCCCGCCACATCCAGCTC
A G NAARDNTIEKI KSR RI

GjHZA-2 GCCGGTAACGCCGCACGTGACAATAAGAAATCTCGTATCATTCCTCGTCACATCCAACTG
A GNAARTIDNTIEKT KT ST RI

GjHZA-1 241 GCCGTCCGTAACGACGAAGAGCTTAATAAGCTCCTCGGTGGCGTCACCATCGCAAGCGGA
A VRNDEETLNIKTLLGG®GVT

GjHZA-2 GCCGTCCGCAATGATGAAGAGCTCAATAAGCTGCTTGGTGGTGTCACTATCGCTAGTGGT
A°VRNDEETLNIKTLILGGVT

GjH2A-1 301 GGTGTCCTCCCCAATATTCACCAGGTCCTCATGCCGAGAAAGAAGTCGAAGGGCGACGCT
G VLPNTIHQVLMPRIEKTI KSZE KT GTDA 120

GjHZA-2 GBGCGTTCTCCCGAACATCCACCAAGTTCTCATGCCGAGAAAGAAGACCAAGGGTGACGCT
6 VLPNI

GjH2A-1 361 TCCCAGGAGGTCTAACCTTTCAATTCCTCACCCTCGTCTGTCTGTCCGCCTGIGTGTGTG
S Q E V =

GiHzA-2 TCTCAAGAGGTTTAAGAACCATGGACTTGGTGTGGATGCCGTTGATGGATCGTACCGAGT
S Q E V =

GjH2A-1  AGTTTGTGTGTGTGTIGTGTGGTTTCGTCCTGCCEEETTGCCGTGCTGTGGCATGATGTCG

GjH?A-2  TGCCGTTTGTGGTGCGATGCAGGAAAGTGTGTGTATAACTAATGAATAAACCGCTTTTTT

GjH?2A-1  TTGCAAGTCGCTCCGCTTGGTCTGTGTATAACTATTGAATAAAA

GjHZA-2  TGTAAAAAAAAAA

Fig. 1. Nucleotide and deduced amino acid sequences of GjH2A-1 and GjH2A-2. Nucleotide numbers are on the left side and the
amino acid numbers are on the right side. Putative termination codons are marked by asterisk(*). Putative polyadenylation sig-

nals are underlined.

GeneMaster version 2.0 (Ensoltek, Korea). Two cDNA
clones for putative histone H2A genes were selected
after random sequencing and similarity analysis.

Phylogenetic analysis

Histone H2A amino acid sequences were obtained
from the histone sequence database (Sullivan et al. 2002;
http://genome.nhgri.nih.gov/histones/). Partial
sequences, overlapped sequences, or long sequences
were eliminated from the database. Total 38 histone H2A
sequences of major eukaryotic organisms were finally
selected (Table 1). The selected histone H2A sequences
were aligned using CLUSTAL-X (Thompson et al. 1997),
and final alignment was checked by visual inspection.
Phylogenetic analyses were conducted using MEGA ver-
sion 2.1 (Kumar et al. 2001). Phylogenetic trees were
reconstructed from the distances using the ML-distance

(minimum evolution) method using Poisson correction
model. Bootstrap consensus tree was obtained with 1,000
replicates.

GenBank accession numbers

Protein sequences of G. japonica histones were deposit-
ed in GenBank under the accession numbers AAP80715
(gi 32401019) and AAP80716 (gi 32401021).

RESULTS & DISCUSSION

Two putative histone genes of G. japonica were isolat-
ed, and designated as GjH2A-1 and GjH2A-2. Nucleotide
sequences of GjH2A-1 and GjH2A-2, and their deduced
amino acid sequences were determined (Fig. 1). Putative
open reading frames for 124 amino acids started from
the 5’ end of the cDNA. Both GjH2A-1 and GjH2A-2 have
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Fig. 2. Sequence alignment of the histone H2As from representative species. Numbers in parentheses are sequence identities with
Griffithsia japonica 1 (GjH2A-1). Residues identical to all the sequences are marked by asterisks (*). Residues reflecting conserva-
tive changes are indicated by colons (;) and dots (.). Residues indicating the histone H2A motif [AC]-G-L-x-F-P-V are marked
with shadow. Gaps were introduced to optimize the alignments, and gaps are represented by dashes (-), which indicates one

amino acid.

putative polyadenylation signals with the consensus
sequence of AATAAA. They have short 3’ UTR (untrans-
lated region), which reported from other G. japonica
genes (Lee et al. 1998, 2002)

G/C content of GjH2A-1 and GjH2A-2 was 60.0% and
51.9% in the coding region, which is similar with other
G. japonica genes previously reported (Lee et al. 1998,
2002). In the codon usage, GjH2A-1 was strongly biased
to G and C in the third position: 81.6% of the third posi-
tion in the codon was G or C, which is similar with other
G. japonica genes previously reported (Lee et al. 1998,
2002). Strong bias toward C or G in the third base of
codons was also reported in human and mouse histone
genes (Marzluff et al. 2002).

The GjH2A-1 and GjH2A-2 shared high similarity with

the previously reported amino acid sequences of histone
H2As: the ORF shared 71-81% amino acid sequence
identities to histones of representative animals, plants,
fungi and green algae (Fig. 2). They also have a motif
consisting of seven amino acids A-G-L-Q-F-P-V, which
matches the histone H2A motif [AC]-G-L-x-F-P-V.

Phylogeny shows that the histone H2As are divided
into two groups: major histone H2A and histone
H2A.F/Z variants (Figs 3-4). These tree topologies agree
with previous phylogenetic analysis of histone H2A
(Thatcher and Gorovsky 1994). The histone H2A.F/Z
variants are more closely related to each other than to
the major H2As from the same species (Thatcher and
Gorovsky 1994).

The tree topology of major histone H2A except of
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Fig. 3. Phylogeny of histone H2A amino acid sequences from representative species. Thirty-eight histone H2A sequences were select-
ed from histone database, aligned and used to construct a minimum evolution tree (see Materials and Methods). The scale bar
indicates the branch length that corresponds to 0.05 substitutions per position. The histone H2As are divided into two mono-
phyletic groups: major H2As and H2A.F/Z variants. The major histone H2As consist of animals, fungal, plants + green algal,
and red algal H2A subgroups. The animal histone H2A is divided into vertebrates (1), echinoderms (II), nematodes (lI1), insects

(V) and segmented worms (V) histone H2As.

H2A.F/Z variants are very similar to a eukaryotic phy-
logeny based on SSU rDNA sequences (Wainright et al.
1993). Animals, plants, fungal and red algal histone
H2As form monophyletic group, respectively (Figs 3-4).
The animal histone H2A has vertebrates (), echinoderm
(1), nematodes (I11), insects (IV) and segmented worms
(V) histone H2As (Figs 3-4). The closest relative GjH2A-1
and GjH2A-2 of is plants and green algal histone H2A
(Fig. 3). But they can align with animal and fungal lin-

eage in other phylogenies (data not shown). Bootstrap
consensus tree shows that the GjH2A-1 and GjH2A-2
make an independent lineage (Fig. 4). More data on red
algal histone H2A sequences will decipher the relation-
ship of red algal H2A and other eukaryotic H2As.
Because the topology of major histone H2A phylogeny
is similar to the eukaryotic phylogeny based on SSU
rDNA sequences, histone H2A can be used as a molecu-
lar marker for classification of higher hierarchy. But for
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Fig. 4. Bootstrap consensus tree with bootstrap values (% of 1,000 replications) showing relationships between 38 histone H2As with
159 amino acid positions. The major histone H2As consist of animals, fungal, plants + green algal, and red algal H2A groups.
The animal histone H2A is divided into vertebrates (1), echinoderms (1), nematodes (l11), insects (1), and segmented worms (V)
histone H2As. The histone H2A.F/Z variants consist of animal, plant, and nematode H2A.F/Z. The GjH2A-1 and GjH2A-2 make

an independent lineage.

histone H2A contains F/Z variants, pseudogenes and
macroH2A genes (DeBry 1998; Jiang et al. 1998; Pehrson
and Fuji 1998), we have to be careful to select genes in
the same subfamily to use histone H2A as molecular
marker.
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