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Both primates and rodents apparently originated from insectivores and then evolved separately. We isolated the immuno-

globulin x4 gene from DNA of the insectivore Suncus murinus and determined its nucleotide sequence. The gene organiza-

tion was CHI1 exon (318 bp)-intron (89 bp)-CH2 exon (345 bp)-intron (80 bp)-CH3 exon (318 bp)-intron (85 bp)-CH4

exon (392 bp)-coding sequence and 3'-untranslated region. Comparison of nucleotide sequences of u genes between

mouse, human and Suncus murinus indicated that the evolutionary distance between human and mouse is equal to that

between Suncus murinus and human, and that mouse is deviated further from Suncus murinus than the two other combina-
tions. This conclusion was further supported by sequence comparison of non-coding regions.

Immunoglobulin 4 gene; Reverse genetics; (Suncus murinus)

1. INTRODUCTION

Immunoglobulin (Ig) heavy (H) chain gene loci
have been extensively characterized in mouse and
human (for review see [1]). Several functional se-
quences have been identified in other than coding
regions: signal oligomer sequences for VyDulJyu
joinings [2], octamer sequences in promoter
regions [3], enhancer sequence for transcription
[4], and characteristic repetitive sequences for class
switch (so-called S sequences) [5]. However, many
problems with other genetic phenomena observed
in IgH gene loci have not yet been solved in
molecular terms. When nucleotide sequences of
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different species, such as human and mouse, are
compared, homologous sequences are sometimes
seen outside of coding regions. These kinds of
homologous sequences have functional signifi-
cance. In fact, many of the above functional
segments were originally identified as conserved se-
quences by sequence comparison. However, avail-
able sequences are, in many cases, restricted to
coding regions and their surrounding regions of
only a few species. We previously reported
homologous sequences in human and mouse {6],
but it is difficult to discriminate, by comparison of
only two species, between biologically meaningful
sequence conservation and an accidental coin-
cidence. For such comparisons to be informative, a
choice of animals is crucial. Differences of
nucleotide sequences in non-functional regions are
large enough, and those of functional regions are
convincingly small. Both primates and rodents ap-
parently originated from insectivores and evolved
separately [7]. In this study, we isolated the Ig x
gene from DNA of the insectivore Suncus murinus,
and determined the nucleotide sequence. We also
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discuss the evolutionary relationships between
mouse, human and Suncus murinus.

2. MATERIALS AND METHODS

Suncus murinus is maintained at Nagoya University animal
center. High molecular mass DNA was extracted from a liver of
Suncus murinus according to the published procedure in [8].
12 kb EcoRI DNAs were separated by agarose gel electro-
phoresis, ligated with EMBL4 phage arms, packaged into A
phages, and screened with human C, probe by the Benton-
Davis’ method [9]. A mixture of two EcoRI fragments (1.2 kb
and 0.95 kb) containing human C, genes was prepared from
clone 6 described in a previous paper [6], and used as C, probe.
The nucleotide sequence of the C,-coding region was deter-
mined by the dideoxy method [10).

3. RESULTS AND DISCUSSION

3.1. Cloning and sequencing of the C, gene of
Suncus murinus DNA

Human C, gene-containing fragments were used
as probe (C, probe) to identify the C, gene of Sun-
cus murinus. Southern hybridization of EcoRI-
digested Suncus murinus DNA with the C, probe
gave a single band at 12 kb. We cloned this band as
described in section 2 and named it ASUNM-1.
Fig.1 shows the restriction map of clone
ASUNM-1. The nucleotide sequence of the C,-
coding region was determined. Fig.2 shows the
total nucleotide sequence of the C, gene and the
surrounding region. Nucleotide sequences of
mouse and human x-coding regions are given for
comparison [11-13]. The gene organization is CH1
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exon (318 bp) - intron (89 bp) - CH2 exon (345bp)
- intron (80 bp) - CH3 exon (318 bp) - intron
(85 bp) - CH4 exon (392 bp)-coding sequence and
3’-untranslated region.

3.2. Comparison of u-coding regions in mouse,
human and Suncus murinus

Only parts of the nucleotide sequence of the
human C, gene have been published [12,13], so we
compared the amino acid sequences of x4 chains of
Suncus murinus, mouse and human [14]. Table 1
summarizes the amino acid residues common to
two animals: 54, 62 and 62% of amino acid
residues in combinations of Suncus murinus and
mouse, Suncus murinus and human, and mouse
and human, respectively. 47% of amino acid
residues are common to all three animals. These
data suggest that the evolutionary distance between
human and mouse is equal to that between Suncus
murinus and human, and that mouse is deviated
further from Suncus murinus than the two other
combinations. This relationship among these three
aminals is supported by available data on
nucleotide sequences of # genes; 65, 72 and 74% of
available 912 bp-coding sequences are identical in
the above respective combinations (table 1).

Amino acid sequences of a- and @G-globins of
Suncus murinus have been published [15]. Al-
though sequences of globin genes are conserved
much better than those of C, genes, evolutionary
relationships between mouse, human and Suncus
murinus are similar to the above observations. In

E v B VB X BB E
I | | 11
1 kb
Exon 2 Exon 3 Exon 4
M i _H . F
T _ |
P 100 bp X

p P

Fig.1. Restriction map of ASUNM-1. Abbreviations: E, EcoR1; V, EcoRV; X, Xbal; B, BamH]I; P, Pst1. Putative S, region is indicated
by a broken line.
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Suncus
Mouse
Human
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GCCACACAGG CTGTGAGCCA CGGARTCAGA MTAARAAGA TCCGTTGAMA AGATGCTGAG TTAGCAGTGC TCACACCTGT GCTGTCCCCT GCTCTACTCC AGGCACCCAG CTTCTGGCCT

CTCTTGGGAC CCCCTGCTGC TTACAGAGTG CTTGCAGCTC ACAGGGCCCA CTAGCTGCTC TCTCCTCTCA CTGCTTITAT TGGGGACCTG GGGCCTGCCA CACAAGGLGT ACGAGCATGC
ACAAACACAC TCAGGCATGT GTATTGCATG TGTATACAAG CTAAACACAA TCACACACTC AGAGGTGCAT AGAGATTACA CATTTGAACA TAGACATACT TAGAGATATA CAGGTA:::'?‘
TATAGAGTCA TACAAGCATA TGGAACAGGT TGTAGAGTAT ACAGACATGL TCACATATGC ACAGCGATGT ACTTATCTGC CCCTCACATA CGTGAGCATT CAGGTATGTG GAGC‘I'D::;:
AAACAGAGTC ATGTTCATAG GCACATGAMA ATTACATATT TGATACAGAT ATATACAGAT ATGCACAGAC ATATGCCACT CACACTGAAC GCACAMACAT ACAACTTACA CAGTAG;;:g

GATGCAGACC CATTTGTGTG TGCACATGTG TGCACTGTAA TTTACACATG TGGGCACTAT ACAGACACTC TCATATCTAG A

Fig.2. The nucleotide sequence of the C, gene of Suncus murinus. Amino acid residues deduced from nucleotide sequences are indicated
along the top. The nucleotide sequences of z-coding regions of mouse [11] and human [12,13] are shown for comparison. Dashes in-
dicate the same nucleotide as that in Suncus murinus. Asterisks indicate missing nucleotides.
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Table 1

Comparison of amino acid and nucleotide sequences of x-coding regions in mouse, human and Suncus murinus

Amino acid length

Su/Mo|Su/Hu | Hu/Mo

Hu

Su/Mo/Hu

Number
of
Nucleotides

Su/Mo |Su/Hu | Hu/Mo| Su/Mo/Hu

58
{55%)

48

45
CH1 105 105 103 (43%) (46%)

3s
(33%)

27
(54%)

31
(62%)

36
(72%)

25

50 (50%)

58
(50%)

71

69
cuz | 115 | 113 | 112 6o%) | (63%)

52
{45%)

174
(57%)

205
(67%)

210
{69%)

153

306 (50%)

60
(57%)

68
(64%)

57

CH3 (54%)

106 106 105

50
(47%)

137
(65%)

160
{76%)

152
(72%)

123
(58%)

a3
(63%)

88
(67%)

106

130 (81%)

CH4 131 131

78
(60%)

251
(73%)

262
(76%)

281
(81%)

232

s (67%)

246
(54%)

283
162%)

282

455 (62%)

TOTAL| 457 450

215
(47%)

589
(65%)

658
{(72%)

679
(748}

533
(58%)

Left half: comparison of amino acid sequences in three species. Numbers of amino acid residues commonly observed between Su/Mo,
Su/Hu and Hu/Mo, and among the three animals are indicated. Right half: comparison of nucleotide sequences in the three animals.
Since only the partial sequence of the human C, gene has been published, the data are based on the available regions

141 amino acid residues of a-globin chain, 121, 120
and 121 residues are common in the above respec-
tive combinations, and in 146 amino acid residues
of @#-globin chain, 115, 123 and 117 residues are
common.

3.3. Comparison of non-coding regions of C,
genes in mouse, human and Suncus murinus
Nucleotide sequences upstream of C, genes
responsible for the class switch have been pub-
lished for mouse and human [12,16]. They are rich
in tandem repeated sequences. In mouse, the basic
unit of the repeats is GGGGT(GAGCT); [16]. In
human, GGGCT(GAGCT), is common [12]. We
determined partially the nucleotide sequence up-
stream of the C, gene in Suncus murinus. Switch
sequences were distributed in sequences longer
than 2 kb. As shown in fig.3a, they are rich in GG-
GCT, instead of GGGGT, in addition to GAGCT.
The tendency for the mouse sequence to deviate
further from the Suncus murinus sequence than
those of the two other combinations is also ob-
served in other regions. Although the sizes of in-
trons of the Suncus murinus C, gene are relatively
constant and short compared with mouse and
human genes [11,12], splicing donor and acceptor

320

sequences in intron 2 of Suncus murinus is more
similar to human than mouse (fig.3b). Fig.2c com-
pares poly(A) addition signal and its surrounding
regions. The order of sequence similarities is
Hu/Mo> Hu/Su>Su/Mo.

3.4. Reverse genetics of non-coding regions

In this study, we planned to establish a general
method, ‘reverse genetics of non-coding regions’,
i.e. search for conserved sequences across species
to identify unknown functional regions. For such
comparisons to be informative, a choice of species
is crucial. It is generally accepted that both
primates and rodents originated from insectivores
and evolved separately [7]. Although Suncus
murinus is an insectivore, it must also have
changed from the original insectivore. To explain
the above mentioned sequence conservations
among the three animals, there are three possibili-
ties (fig.4). Case 1: these three animals had a com-
mon ancestor and the nucleotide sequence of the
human C, gene has changed more slowly than in
the other two animals. Case 2: rodents deviated
from insectivore earlier than primates in the evolu-
tionary process: i.e. the nucleotide sequence of the
Suncus murinus C, gene has changed more rapidly
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(a)
GAGCT GGACT GAGCT GGGA GAGCT

GAGCT GGGT GAACT GAGCT GGGCT
AGACT GAGCT AGGCT GAGCT AGGT
GGGT GAGCT GAGCT GGGCT GAGCT
GAGCT GGACT GAGCT GGGT GAGCT
GAACT GAGCT GGACT GAGTT GGGTT
GGGCT GAGCT GAGCT GGGT GAGCT
GGGCT GAGCT GGGTT GAACT GGCCT
GAGCT GGGT GATCT GAGCT GGGCC

GGGT GAGCT GAGCT GAGCT GAGCT
(b)

Human GTGAGTGACCTGTCCCCAGGGGCAGC (188) ACCTCTGACTCCCTTCTCTTGANTCCAG
Mouse GTGAGTGG-CTGGGATAAGCCCAATG (226)ACCTGACACAGTGTTCTCTTGACTGCAG

Human GTGAGTGAC-CTGTCCCCAGGGGCAG (189)ACCTCTGACTCCCTTCTCTTGANTCCAG

Suncus GTGAGTCCCACTGTCCCCTGGGAGGA{ 26) TTGAGTGCATCCTCTCTCCTGCCTCCAG

Suncus GTGAGTCCCACTGTCCCCTGGGAGGA( 26) TTGAGTGCATCCTCTCTCCTGCCTCCAG

Mouse GTGAGTGGCTGGGATAAGCCCAATGC (225)ACCTGACACAGTGTTCTCTTGACTGCAG

(c)

Human TCTTATAAAA-TTAGAAATAAAAAGA-TCCATTCAAAAGATACTGGT
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GAGCT GGGCT

GAGCT GGGA

GAGCT GAGCT

GGTT GAGCT

GGGTT GGGTT

GAACT GGGCT

GGGGT GAGCT

GAGCG GGGT

GAGCT ATGCT

GAATT GGACT

GAGCT

GAGCT

GGGCT

GGGCT

GAGCT

GAGC

AGGT

GAGCT

GGGCT

AAACT

GAGCT

GAGCT

GAGCT

GAGTT

GAGCT

GGGAT

GAGCT

GAGCT

GAGCT

GGGCT

GAGCT

GGGT

GGGA

GCACT

GAGCT

GGGCT

GAGCT

Mouse TTTTATAAAAATTAGAAATAAAAAAAATCCATTCAAACGTCACTGGT

Human TCTTATAAAATTAGAAATAAAAAGATCCATTCAAAAGATACTGGTC

Suncus

Suncus
Mouse

AGCCACGGAATCAGAAATAAAAAGATCCGTTGAAAAGATGCTGAGT

AGCCACGGAATCAGAAATAAAAAGA-TCCGTTGAAAAGATGCTGAG

TTTATAAAAATTAGAAATAAAAAAARATCCATTCAAACGTCACTGGT

(49)

(97)
(146)
(193)
(241)
(290)
(338)
(387)
(436)

(475)

April 1989

Fig.3. Nucleotide sequences of non-coding regions. (a) Putative S, sequence from Suncus murinus located several kb upstream of the
C, gene. (b) Comparison of splicing donor and acceptor sequences in intron 2 of all three species. Commonly observed nucleotides are
underlined. Numbers indicate nucleotide length between two sequences. Dashes indicate missing nucleotides. (c) Comparison of poly(A)

additional sequences and their surrounding regions in all three species.

than in the other two animals. Case 3: rodents and
primates were derived from a common ancestor,
and Suncus murinus was derived from an older in-
sectivore: i.e. the nucleotide sequence of the mouse
C, gene has changed more rapidly than in the other

Fig.4. The evolutionary relationships between mouse, human

and Suncus murinus. Case 1: mouse, human, Suncus murinus

were derived from a common ancestor. Case 2: mouse was

derived from an insectivore older than a common ancestor for

Suncus murinus and human. Case 3: Suncus murinus was de-

rived from an insectivore older than a common ancestor for
mouse and human.

Coase 1

Case 2

Case 3
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two animals. In any case, it is quite unlikely that
some functional regions not possessed by insec-
tivores could have evolved independently in both
rodents and primates. Therefore, comparison of
nucleotide sequences in these three species should
be informative. Biologically meaningful regions, if
they exist, should be observed in Suncus murinus,
too.
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