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ABSTR ACT
Four clones containing Hi histone gene sequences were previously isolated

from a Xenopus laevis genomic library (1) and we now present the complete
nucleotide sequences of these Hi genes and their flanking regions. Two of these
genes code for minor Hi proteins, probably H1C, when expressed in the oocyte
transcription/translation system and are present on clones with almost identical
overall organization. However, at the nucleotide level these genes differ in
showing base insertions and deletions, as well as substitutions. A third gene
sequence which is more related to the major X. laevis HiA, corresponds to the 3'
two thirds of an Hi gene. This gene has in place of a 5' coding region at least
1800 bp of apparently noncoding sequence, some of which is A-T rich. The
junction does not correspond to the consensus sequence of an intron/exon
boundary and therefore this Hi sequence is more likely to represent a
pseudogene. Comparisons of the coding and flanking regions of these X. laevis
Hi genes indicate the kind of differences which can occur among Hi subtypes
within a species. A region of homology noted in the 3' noncoding portion of
vertebrate histone genes is discussed in relation to the mechanism of termination
of transcription.

INTRODUCTION

Compared to the 4 highly conserved core histone proteins Hi histone, which
is involved in nucleosome packing (2), shows considerable species and cell-
specific variation (e.g. 3,4,5,6). These proteins are composed of three
structural domains (7), a variable basic N-terminal portion, a central
hydrophobic region which shows the greatest degree of conservation (8) and a

variable, very basic C-terminal half (3). Many partial and some complete Hi
protein sequences have now been determined (3,4,9) and it has been observed that
within the conserved hydrophobic region of these molecules, separate subtypes of

the Hi class, such as the erythrocyte type H5, have different, but conserved
stretches of amino acids (9).

X. laevis embryos contain 3 resolvable subtypes of Hi histone. HlA,
which is quantitatively the major type at all stages of development, H1B and H1C

(10,11). While these 3 subtypes are present in all adult tissues so far examined,
including erythrocyte and testes, the proportions vary, with HlA not being so
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predominant. Adult tissues have in addition small amounts of two faster
migrating subtypes H1D and H1E (11). The latter type was found by Risley and
Eckhardt (11) to be indistinguishable on 3 gel systems and after partial peptide
analysis from a X. laevis erythrocyte subtype referred to as H5 by Destre4 et aL
(12,13). The X.laeviserythrocyte H5andthe HiD and HlEproteinsseemtobe
enriched in cell types with low rates of cell division (11), and this kind of Hi
histone, known as H10 and H5, is found in other species (14,15).

Studies of the primary structure of Hi subtypes have suggested that the
different lengths of the termini of Hi proteins are responsible for the changes
seen in nucleosome packing in different celltypes (2,16,17). The mechanisms by
which these adult-specific Hi genes become active in slowly dividing cells may
only be understood fully when the nucleotide sequences of the Hi gene regions
are known and compared.

In a previous publication we described the isolation of 9 histone clones from
a X. laevis genomic library which was constructed by cloning Eco RI digested
erythrocyte DNA in XgtWES.)B (1). Allthese clones contained H4 histone gene
sequences since the library was screened using the X. laevis ovarian H4 cDNA
clone pcXlH4Wl (18). On initial mapping, 4 of these clones appeared to contain
Hi gene sequences. Sequencing of these clones was undertaken to confirm the
suspected positions of these genes and to establish the polarity of the genes. It
was hoped that sequencing might explain why one of the cloned D N As, X L H W 19
did not produce an Hi polypeptide product after microinjection into oocyte
nuclei (1). The data would al]s allow a comparison of the nucleotide and protein
sequences of Hi gene subtypes within a species. Indeed, we now present the
first complete nucleotide sequence of a vertebrate Hi histone gene.

MATERIALS AND METHODS

Matrials

All enzymes were from Bethesda Research Laboratories, Boehringer
Mannheim or New England Biolabs and were used as recommended by the
manufacturers. Radiochemicals were from Amersham International, Amersham.
Sequencing Procedures

Both the chemical methods of Maxam and Gilbert (19) and the enzymic
method of Sanger et aL (20) applied to M13 single stranded phage subclones were
used as indicated in Fig. 1. The majority of the sequences presented were

determined using both methods and on both strands. Most sequencing runs were

performed at least twice.
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Figure 1. Clone organization and sequencing strategy. The regions
sequenced by either the method of Sanger et al. (20) or by the method of
Maxam and Gilbert (19) are indicated as ENZ or M+G respectively, below the
expanded portions of the maps. Only the restriction sites for Bam HI (B),
Pst I (P), Eco RI (E) and Sal I (L) are given for the complete clones. For
other enzyme sites see Old et a.l. (1). In the expanded portions Msp I (M)
and Sau 3A (S) sites, used in the M13 subcloning, are also included.

Other Procedures
The nuclear microinjection protocol, hybrid selected translation

experiments, Southern blot transfers and gel electrophoresis were all exactly as

described by Old et aL (1).

RESULTS

Fig. 1A and B show the first maps of the three clones XLHW2, XLHW8 and
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Figure 2. (A) Translation products of XLHW2, XLHW8 and XLHW19 DNAs after
micro-injection into Xenopus oocyte nuclei. (B) Hybrid selected tra.ns-
lation of XLHW8 and XLHWl9. The gel systems used were either SDS/a.crylamide
(18%) or triton/acid urea as indicated. Labelling was with 3H-lysine.
Lanes marked C are controls and X. laevis erythrocyte histones were used
as markers.

XLHW22, which a]l contain one copy of each of the 5 histone gene types (1).
They are very similar in length, organization and restriction site positions.
From fine restriction mapping and sequence data (not shown), it now appears that
clones XLHW2 and XLHW22 have exactly the same insert which was cloned in
opposite orientations in the vector and therefore only XLH W 2 is further
considered. XL H W 2 and XL H W 8 have only a few restriction site differences and
their similar organization has been underlined by the extensive sequence

conservation of the H1 gene regions of these two clones (see below). The clone
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XLHWl9 (Fig. 1C) has a very different organization and contains only H1 and H4

histone gene sequences.

Nuclear Microinjection and Hybrid Selected Translation
Fig. 2A shows that when microinjected into the nuclei of Xenopus oocytes,

XL H W 2 and XL H W 8 both produce H1 gene products which migrate slightly faster

on SDS/acrylamide gels than the H1A/H 1B markers. On this basis, Old et aL. (1)

suggested that the H1 gene in XLH W8 was of the H1C subtype. The data of Fig.
2A shows that XLHW2 contains a functional H1 gene which also seems to be of the

HiC subtype. Furthermore it appears that the Hi protein band in the XLHW8

track of Fig. 2A migrates fractionally slower relative to the markers than does

the equivalent XLHW2 protein and this observation is in keeping with the

sequencing data given below.

Fig. 2A also shows the nuclear microinjection analysis for XL H W 19
presented by Old et aL (1) and is reproduced here to emphasize that no Hi
polypeptide could be detected for this clone in this assay system. The only other

histone sequence ascribed to this clone, that of H 4, was clearly expressed above

the low background level of H4 synthesis.
Fig. 2B shows that XLHW19 selects both HlA and H4 mRNA when

hybridized with X. laevis ovarian total RNA, and must therefore contain Hi
sequence. The hybrid selection data for XLHW8 shows that the H1 gene in this

clone seems less efficient in hybridizing to ovarian total R N A than the H1 gene in

XLHW19. In addition, the selected oocyte Hi mRNA sequences were both the

HlA and the HlB/C types. These observations are readily explained if the HlC

gene in XLHW8, which corresponds to a minor oocyte mRNA sequence, cross-

hybridized weakly, at the stringency employed, with the major oocyte HlA
mRNA. The relatively efficient selection of HlA mRNA by XLHW19 would

imply thatit encodes an Hl gene thatis more closely related tothe HlA type than

to the H 1B or H 1C types.

Nucleotide Sequences Encompassing the Hl Genes in XLHW2 and XLHW8

Employing the strategies outlined in Figs. 1A and B, the H1 gene regions of

XLHW2 and XLHW8 have been sequenced. The complete Hi coding region of

XLHW8 and approximately 850 bp of its flanking sequence is shown in Fig. 3. A

shorter region of XLHW2 (1071 bp) was sequenced and for clarity, only the base

differences which occur in this region are presented. Four small gaps must be

introduced to maintain the homology of these sequences.
The Hi gene in XLHW8 is the longer of the two, encoding a protein of 220

amino acid residues, and having the typical features of the H1 proteins whose

primary sequence is known. There is a central hydrophobic region of 72 amino
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XLHW8 AT ATGAA T ATATAAACTGAAGTGAGTGG
A P.m. h22TTAGGGCCC'AT cGT CCCCAcrmGTATCT CACG A AGATG

S .p. CGTGT

B P:. h22 A < 0CA ATS.p. wF *_0AAGAATGCC Op

Figure 4. Compa.rison of the 5' noncoding region of Hi genes from Xenopus
a.nd sea urchin. (A) The 5' noncoding region of the HI gene in XLHW8 is
a.ligned for maximum homology with the Psa.mmechinus miliaris h22 Hi gene
(26) a.nd with the Stronglyocentrotus purpuratus Hi gene (9) using the
first possible 'TATA' box in XLHW8. (B) As in A but using the second
possible 'TATA' box in XLHW8. Regions of homology are boxed.

acids from codon position 40-112 (121-336 bp, Fig. 3), which shows a high degree
of conservation relative to calf thymus, CTL-1 (15) and rabbit thymus, RTL-3

(21) H1 proteins. The H1 protein sequence derived from the gene in XLHW2 is

very similar to that in XLHW8, except that it is 4 residues shorter due to two

insertion/deletion events in the variable regions of the protein at codon positions
23 and 203 (69 and 610 bp, Fig. 3), and it has 5 amino acid changes relative to

XLHW8.

Three possible nTATA " boxes occur in the 254 bp of 5' noncoding sequence

of the Hi gene in XLHW8; at positions -51, -65 and -103 bp (the latter 2 being
marked in Fig. 3). Two of the 12 substitutions which occur in the corresponding
region of XLHW2 would almost certainly make the putative "TATA" box at -51

non-functional. Since no such substitutions are seen in the other two possible
"TATA" boxes and since both are preceded by equally good OCCAAT" boxes at -

91 and -118 bp (Fig. 3), as are most polymerase II genes (22), then in the absence
of other evidence, we are unable to rule out the possibility that both of these

pairs of promoter elements function in vivo.
No 'oapm site giving a good match to the consensus sequence 5'-CATTC-3'

(22) is evident but two possible sites are indicated in Fig. 3, at -28 and -33 bp.
In fact, cannonical "cap sites seem rare in Xenopus histone genes (23,24, 25, Fig.
3), the sequence 5'-AGTT-3' occuring more frequently than the "best fit" to the

cannonical sequence which is usually 5'-ATT-3'.
Attempts have been made in Fig. 4 to align the 5' noncoding regions of the

available Hl genes. By introducing appropriate gaps some regions of homology,
in addition to the recognized promoter elements, become apparent. It is
noteworthy that in very similar relative positions (approx. -30) the sea urchin
genes and the Xenopus genes all have the sequence 5'-TTTT(A)GTT-3'. The
first pible "TATA" box in the XLHW8 gene is in about the same relative
position as in the sea urchin genes, but produces less extensive homology with
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these genes than does the second pble "TATA" box (Fig. 4B). Since both of
these alignments in Fig. 4 produce extended homology there is a prima facie case

that both "TATA" boxes are functionaL
The 3' noncoding region of the H1 genes in XLHW2 and XLHW8 are typical

histone postlude sequences in all respects. At position 716 (Fig. 3 and see also
Fig. 6) there is the centre of the highly conserved region of dyad symmetry found
about 50 bp downstream from the termination codon in all histone 3' noncoding
regions except yeast (M. Smith cited in 6) and chicken H5 (27). Between this
homology block and the termination codon, homopolymer runs of pyrimidine
residues, as at 692 bp (Fig. 3) are a common feature of histone genes (18).
There is also no polyadenylation signal, which again is a common feature of
histone genes (6). Several short direct, or inverted, repeat sequences in the 3'
noncoding region of the XLHW8 gene are indicated in Fig. 3. At present their
significance is unknown.
The Nucleotide Sequence of a Truncated Gene Related to H1A.

Using the strategy outlined in Fig. 1C, approximately 1200 nucleotides
encompassing the Hl sequence in XL H W 19 have been determined and are

presented in Fig. 5. The most significant feature of this sequence is that the 5'
one third of the gene is absent, being replaced by an A-T rich sequence
containing many short homopolymer runs e.g. at positions 10, 126, 134, 224 and
233. The coding region of this gene appears to start at base pair position 246,
with the second of a pair of asparagine residues corresponding to about amino
acid position 80 in most vertebrate Hl histones which is in the middle of the
central conserved region. No termination codons are present until the end of
the presumptive coding region (675 bp, Fig. 5) and all of the 143 triplets code for
amino acids which could be present in typical Hi genes at the positions in which
they occur, with the possible exception of the glutamic acid residue at 288. It
has been noted by Levy et aL (9) that in all Hl and H5 proteins a glycine is
present at this position and a single base substitution accounts for this change.
The 3' noncoding region of the Hi gene in XLHW19 also seems like a normal
histone postlude sequence (see also Fig. 6). Taken with the hybrid selected
translation data of Fig. 2B, the sequence in Fig. 5 from 246 onwards most
probably resembles very closely that of a genuine X. laevis HlA gene.

The presence of this unusual 5' sequence raises the question of whether the
Hi gene in XLHW19 contains an intron? More specifically, does the remainder
of the clone contain the missing Hl 5' end? We have probed Southern blots of
restriction digests of XLHWl9 with 5' portions of the Hl gene of XLHW8 not
present in the sequenced region of XL H W 19 and failed to detect cross
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hybridisation, even at low stringency (1 x SSC, 600C). We therefore conclude

that XL HW 19 does not contain any sequence corresponding to the front portion of

an Hi gene. Thus if the sequence replacing the 5' portion of the coding region in

XLHWl9 was an intron, the intron size would exceed 2.1 kb and the next exon

would not be contained on this Eco RI genomic clone. However, inspection of

the sequence around position 240 (Fig. 5) shows that the consensus 3' intron/exon

boundary sequence 5'-YYYNCAG-3' (28) does not occur in this region, except

Possibly within the coding region itself at position 250. If this site represented

the 3' end of an intron it would be remarkable that an asparagine codon occurs at

246 since asparagine is almost exclusively found in this position in vertebrate Hi

proteins (9).

In view of the absence of introns in all other histone genes except a variant

chicken H 3 gene (29), we feel that the most probable explanation of the structure

of XL H W 19 is that there has been a recent mutational event, and the existing
coding portion of the Hi gene has changed little in sequence since it was

functional. In any case, the structure observed for this Hi gene readily explains

why we observed no Hi gene product when this clone was microinjected into

Xenopus oocyte nuclei (Fig. 2A).

3' Homologies of X. laevis Histone Genes.

In Fig. 6 all the available 3' noncoding regions of Hi genes have been

compiled in the upper part of the figure, and in the lower part are the same

regions of all the additional available X. laevis histone genes and a mouse histone

H 4 gene. By introducing appropriate gaps in these sequences we observe

considerable homology of the Hi genes, although the sea urchin Hi genes are

somewhat shorter. The extent of homology goes beyond the region of dyad

symmetry in the 5' direction and the presence of variations of the sequence 5'-
CAACACAAAC-3' noted in histone H3 and H4 genes (18) is readily apparent in

both of these H 1 genes and the other X. laevis histone genes. 3' to this
conserved region of dyad symmetry there is another region of homology. This
region was noted by Harvey et aL (30) in a comparison of chicken histone genes.

Its divergence from the sea urchin sequence prompted these workers to suggest

that the consensus sequence they observed might be specific to the chicken.

However, the consensus sequence derived for X. laevis histone genes is so similar
to the chicken consensus and to the only mouse histone sequence available (31)

that one must conclude that this sequence (boxed in Fig. 6) is common at least to

vertebrates as a whole and it may be that some species, e.g. chicken, tend to show

one particular variation more than others. No regions other than those in Fig. 6

are conserved between the two X. laevis Hi 3' noncoding regions presented here.
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XLHW8/H1 T TTGGTTCCG CC; TCCATCCCCCCC C ACCTCAM CTCTTTTCAGAGCCACCAC CTCAGT AAGCCGAXLHW19/ li CGC AC CTCGCTCACTAG C ACCAM CTCTTTAAGAGCCACCAC CCCC T /EAAACAGCS.p. /1 TT GC A CC CTTTT C TACCAAAA CTTTTCAGAGCCACCACA CCC
P .U. h22/H1 Tr GC ACC CT CGTGTC C CAC M CTTTTCAGAGCCACAC C CA GAAGACCAAIX1-hi-l/H4 T CTCTTCCT C MCTT AACC TCTT~TCAGAGC CAGCTCTCAC4CTAGAGCTGIX1-hi-1/H2A T TGCCCAGCT CC GCGCCCCCATCA CACAG TCTTTTCAGAGC TCAGAGCTCAXl-hi-1/H2B T TGCTGCC' CC GTCCGACT CACAA GCTCTTTTCAGAGC CCCATCTTCTCCCG, AAGATCTX1-hi-1/H3 T TCACT Cc GCAG CTCAAA CTCTrTTCAGAGC CACATTCCCGTC TGAGATAM
XLHW23/H3 T TACT c CTTTTCTT CTTTTCAGAGC CCAMT CCCAAAT TGAGTTGiXenopus consensus IiAACTGI
mus-h i- 1/ H4 TS tCGCCGCCGC TTCA TTCCCCCCCCCCCC CATCCCTAA CCATGAdCCACAGTCTMGCTGIchicken consensussea urchin consensus ACCAU-6bp_C

Figure 6. Compa.rison of the 3' noncoding region of Hi genes from sea. urchin
and Xenopus (Top). The 3' noncoding regions of other Xenopus histone genes
a.nd a. mouse histone H4 (Bottom). Sequences are written 5' to 3' and gaps
have been introduced to maximize homology. Regions of homology have been
boxed and consensus sequences for the most 3' region of homology are given
for Xenopus, chicken (30) and sea. urchin (6). Sequence da.ta. for mus-hi-I
ref. 31, Xl-hi-1 refs. 23 a.nd 24, XLHW23 ref. 25 or a.s in Fig. 4.

DISCUSSION

Noncoding Sequence Comparisons
Comparisons of the 5' noncoding region of Hi nucleotide sequences (Fig. 4)

indicated the conservation of the sequence 5'-TTTT(A)GTT-3' about 30 bases

upstream of the ATG. In view of the presence of a different H2B-specific
sequence about 100 bp 5' to the translation initiation codon in all H2B sequences

so far analysed (30) it will be interesting to see if the conserved Hi sequence is

present in other Hi genes.
The consensus sequence 5'-AAAAGAGCTGA-3' (Fig. 6), just downstream

from the region of dyad symmetry in the 3' noncoding region, is well conserved

among vertebrates, being present in Xenopus, chicken and mouse and therefore
cannot be considered specific to the chicken as proposed by Harvey et aL (30).
Its presence in an altered form in sea urchins (6) suggests that it may have a

fundamental function. In the experiments of Birchmeier et aL (32), faithful
termination of transcription of a sea urchin H2A gene was shown to require
sequences downstream from the conserved region of dyad symmetry. The

presence of a conserved sequence in this region is exactly what would be

predicted by these experiments.
Thus the present model for termination of transcription of histone genes is

that termination probably occurs at an "ACCAN motif just 3' to the highly
conserved region of dyad symmetry, by a mechanism which involves the

recognition of the region of dyad symmetry and a region downstream of the
"ACCA" sequence (32). This proposed second region of recognition in the sea

urchin is closer to the "ACCA" motif and slightly shorter than the consensus

sequence seen in the vertebrates (Fig. 6) and this implies that the mechanism of

transcription termination may differ somewhat between sea urchins and these
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vertebrates. On this point, it is noteworthy that the H3 gene in the

Psammechinus miliaris clone h22, fails to terminate correctly when injected into

the frog oocyte (33). The sequence of this sea urchin H3 gene, immediately after

the 'CAA G A AA G A ' does not match any of the next few bases in the vertebrate

consensus sequence, whereas all the other histone genes in the P. miliaris h22

clone have at least one matching base in the adjacent 4 nucleotides. Recent

experiments demonstrating that faithful termination of transcription of this sea

urchin H 3 gene in the Xenopus oocyte can be achieved by co-injection of a crude

protein fraction from sea urchin (33) strengthens the belief that the sea urchin

and vertebrate mechanisms may differ slightly.
Hl Coding Region Comparisons and Protein Evolution

The derived molecular weights of the Hl protein in XLHW22, which

comigrates with HlC on two gel systems, and that in XLHW8, which migrates
fractionally slower than HlC on SDS gels, are 22,187 and 22,589 daltons

respectively. These values suggest a consistent, small underestimation in the

estimated molecular weights of X. laevis H 1A/B, H 1D and H 1E made by Risley and
Eckhardt (11).

There are 24 base substitutions in the 1065 bp of sequence which can be

compared between XLHW2 and XLHW8 (Fig. 3), an average of 2.3%, and this

suggests that these pair of genes have derived from a common ancestral gene

quite recently in evolutionary terms. 63% of these base changes are transitions

and there is a tendency for the substitutions to be grouped, particularly in the

noncoding region e.g. at -40 in Fig. 3 there are 6 changes in 13 bp. The 15

substitutions which occur in the noncoding region show that, in common with

many other protein-coding genes, the rate of base substitution in the noncoding

regions (3.5% base changes) is 2.6 times the total rate in the coding region

(1.4%). The rate of silent site substitution is 2.6%.

There are 3 major insertions or deletions observed when comparing the H1
genes in XL H W 2 and XL H W 8 (Fig. 3), and their locations coincide in all 3 cases

with the presence of short tandemly duplicated sequences e.g. at 611, there is an

exact repeat of 14 bp. Mutational events of this kind could be caused by

"slipped mispairing" (34) or unequal cross-over.

Figure 7 presents the coding region of the H 1 gene in XL H W 8 compared with

the coding region of the partial H1 gene in XLHWl9. 9 gaps have been

introduced to maintain the homology of the derived proteins and all of these

occur in the 3' variable region, there being 6 gaps in the XLH W8 gene. In view
of the variability of this region of H1 proteins, the degree of homology observed

in this pair of genes is quite high and may underline the equality of function of
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10 20
met thr Qlu thr ala ala thr glu thr thr pro ala ala pro pro ala Qlu ro lye gln lye lya lyS gln tinATG ACA GM ACT GCT GCA ACT GAG ACA ACT CCC GCC GCT CCC CCG GCA AA CC AMM CAG MG AAG MG CAG CAG

30 40
pro lye lys ala ala Q1Y Rly ala lyS ala lys lye pro 8er R1Y pro eer ala ser glu leu ile val lys ser
CCT MG MG GCA GCG BGA O GCT AAG GCC MG AAA CCC TCC GA CCG AGC GCA TCT GAG CTG ATC GTG AAA TCC

50 60 70
val ser ala ser lye glu are 81Y 81Y val ser leu ala ala leu lye lyS ala leu ala ala g1Y g1Y tyr aen
GTG TCC GCC TCT MG GAG CGT GOT GGG GTG TCC CTG GCC GCT CTC MG MG GCC TTG GCT GCC GA GGT TAC MT

80 90

val R1U arg aen asn ser arg leu lys leu ala leu lye ala leu val thr lye gly thr leu thr Rln val lye
GTG GAG AGG MC MC AGT CGC CTC MG TTG GCT CTC AMG GCT TTG GTC ACT AM GGG ACT CTC ACC CM GTC AM

AAC AGC CGC CTC MG CTG GCT CTC AMG GCT CTG GTC ACG MG GAG ACC CTG CTC CM GTC AAA
glu leu

100 110 120
* a a * a cc *

II eer gly ala Ser 1 ser phe lye leu aen l ly1 Rl leu glu thr lyS val lys ala val ala lye lye
GGC AGC GGA GCC TCT lGA TCC TTC MG CTG C MGMGCAG CTG GAG ACC AAG GTG MG GCG GTG GCC AMG AAG
GGC AGC GGA GCC TCC GGT TCC TTC MG CTC AAC AMG MG CAG CTG CAG AGC MG GAC MG GCC GCC AAG MG

gln eer aep

130 140
c*cc* a * c a a c* a* a a *

lye leu val ala pro lye ala lys lye pro val ala ala lYe 1Y 1Y pro 1e ser pro lye lyS pro
AAG CTC GTG GCG CCC AAA GCC AAG AM CCC GTC GCG GCA GAMMG CCCM TCC CCT AM AAG CCC
AG GCG CCG CTA GCA GCC AM ACC MG AM CCG GCG GCA CGA GCC MG AAG GCG CCA MG TCT CCG AM AAG CCC

ala pro leu ala thr ala arg ala

150 160a * * a a * a a * * * a a
lye lys Val ser ala ala ala ala lye ser pro lye lye ala lye lye pro val lye ala ala lye
AAG AG GTC TCG GOG GCA GCA GCA M AGC COG MG AAG GCG MG AM CCG GTA MG GCC GCC AM
MG AAA GTC TCC GCA GCC GCC MG AGC CCG AAG MG GTG MG AM CCC GCA AM GCG GCG CTA GCA GCA MG

val ala leu ala ala

170 180 190
* a ccc*a**cc * a * * ***

er pro lye lye pro 1Y ala val y r 1Ye lye val thr lye ser pro ala lys lye ala thr lys pro
AGC CCO MG CCC AM GCT GTT M COC G AAG GTG ACC AAG AGT CCA GCT AM MG GCC ACT MG CCC
AGC COG AM AM AAC AM GCT GCC MG CCC MG MG GCC ACC AM AGC CCC GCA AMA MG ACC GCC GTC MG CCC

asn ala ala thr val

200 210
* c*ccc*a*c* cc** * a

lyS ala ala lyS ala lye ile alal1y pro lye ile &la lyS ala lyS &la ala lyS lye lyS ala
AM GCT GCC MG GCC AM ATA GCC AM CC AAA ATA GCC AMA GCC MG GOG OCT AAG laAMG MG GCT
AM ACT GCT GCT GCC AM AGC CCC GCA MG GCT AM GTG GCC AM GCC MG AM GCC GCC

thr ala ser pro ala val lys
220

ala ala lye lys
GCG GCT AM MAG-XLHW8
CCC MG MG A 4-XLHW19
pro lys

Figure 7. A comparison of the coding regions of the Hl genes in XLHW8
and XLHW19. Gaps, introduced for homology, ba.se changes (*) a.nd a.mino
acid substitutions are indica.ted. Amino a.cid numbering is for XLHW8
excluding the first codon.

the X. laevis HlA and HlC subtypes.
Ignoring the gaps, 135 amino acids can be compared and 89 base changes

(22%) have resulted in 24 amino acid replacements, the amount of replacement
site substitution being 9.3 %. Thus this pair of H1 genes shows 15 fold more base

changes in the coding region than the XLHW2, XLHW8 pair.
One point that is clear from this study is that there seems to be an

unsuspected degree of variation of Hi proteins even within a given subtype, i.e.
the two HlC genes reported here have 5 amino acid replacements and one gene

has 4 extra amino acids. There are about 90 H4 histone genes in X. laevis and

these are present on at least 2 different types of genomic histone cluster (35).
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If the H 1 genes in the X. laevis genome are also divided among different types of

genomic histone dluster, then perhaps the 3 major Hi protein types, HiA, HiB

and HiC reflect 3 more or less independently evoiving histone cluster types.
Each cluster type might contain a set of non-identical H 1 genes encoding a group

of related proteins such as the HiA type. X. borealis, which has a single major
Hi protein type (10) has a homogeneous major histone gene cluster arrangement
within its genome (35). The observation of Zernik et aL (36) that variant Hi
genes in X. laevis were present on genomic dlones which had different gene

orders, strengthens the possibility that genes for a given X. laevis Hi protein
subtype will be present on a particullar genomic cluster type. However,

considering the degree of protein variation seen within a subtype there may be no

absolute correlation between protein subtype and genomic cluster type.
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