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Summary

The human and mouse genome research projects reported that the proportion of the length of inter-
spersed repeats in the mouse genome is greater than 35% and that of humans is greater than 45%. The
evolution and function of the interspersed repeats has not yet been clarified. In this study, the interspersed
repeats were searched from the sampled genome sequences. The proportion of each class of repeats in
the sequences was calculated and the age distribution was analyzed by the nucleotide substitution ratio
obtained from each consensus sequence.

The LINE (long interspersed repeat element) was the largest part in the mammalian genome; how-
ever, in the porcine genome it was slightly lesser than those in the other mammalian genomes. The ratio
of SINE (short interspersed repeat element) repeats in the human and porcine genomes was approxi-
mately 14%. The results suggest that in the genome of some mamimalian species, the SINE repeats are
copied and interspersed at a higher frequency.

The peaks of the nucleotide substitution ratio obtained from the consensus sequence of SINE, LINE,
LTR element, and DNA element in the porcine genome were 10% —20%, 30% —40%, 20% —30%, and
20% — 30%, respectively. The peak of the age distribution of the classes of repeats were almost the same
in the mammalian genome. The BovB/Art2 family was only located in the cattle genome, and the L3/
CR1, LINE1, and LINE2 families were located in the porcine and cattle genomes.

Recombination of genomic regions can be investigated using the SINEs, LINEs, and other repeats,
which have different age distributions. Therefore, our results on the age distribution of SINEs, LINEs,
and other repeats are useful in studies on genome evolution.
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Introduction

When the initial whole genome sequences of human and mouse genomes were published,
the number of repetitive sequence was regarded to be one of their most interesting features"”. In
particular, the proportion of the length of interspersed repeats in the mouse genome is greater
than 35% and that of humans is greater than 45%. However, the proportion in the fly genome is
3.1% and that in worm is 6.5%". The presence of a large fraction of interspersed repeats is the
characteristic feature of the mammalian genome.

Interspersed repeats represent the fossils of transposable elements and are a principal force
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involved in reshaping the genome. For example, Esnault e al. (2000)° showed that human LINE
(long interspersed repeat element) can mobilize the transcribed DNA not associated with a LINE
sequence by a process involving the diversion of the LINE enzymatic machinery by the corre-
sponding mRNA transcripts. Since most genes are produced by gene duplication, the interspersed
repeats appear to play an important role in evolution.

Many SINEs (short interspersed repeat elements), such as PRE-1* (swine), CHR-1?
(whale), and vic-1" (camel) were reported in other mammals; some LINEs are found to be widely
distributed in mammals. It is important to examine the proportion and age distribution of the in-
terspersed repeats in other mammalian genomes in order to study the evolution and function of
the repetitive sequences. In this study, the genomic sequences with lengths greater than 5 kbp
were sampled from the porcine and bovine genomes peposited in the GenBank DNA database.
The interspersed repeats were searched from the sampled genome sequences by the Repeat-
Masker 2 program (http://www.repeatmasker.org/). The proportion of each class of repeats pre-
sent in the sampled sequences was calculated and the age distribution was analyzed by the nu-
cleotide substitution ratio obtained from each consensus sequence.

Materials and methods

Porcine and bovine genome sequences with a length greater than 5 kbp were selected from
GenBank DNA database. The number of the sampled sequences, the average and standard devia-
tion of the size of the sequences, and the average and standard deviation of the GC contents (%)
are shown in Table 1. The number of sequences in this study was 70 for swine and 99 for cattle.
The average size of the selected genome sequences was approximately 46 kbp for swine and 33
kbp for cattle. The average GC contents of the porcine and cattle sequences were 47.2% and
46.7%, respectively.

The repeat elements were searched from the genome sequences by the RepeatMasker2 pro-
gram. The full-length and partial-length members of all known repeat families that were selected
by RepeatMasker2 were collected for each class of repeats. The percentage of the total bases in
the genome sequences for each class of repeats was computed in order to examine the importance
of each class of repeats in the porcine and cattle genomes.

Each repeat element was compared with the consensus sequence of the subclass of repeats in
RepBase 6.7 in order to analyze the age distribution of the different classes of repeats. The ap-
proximate age of each repeat can be inferred from the nucleotide substitution ratio obtained from
the consensus sequence by exploiting the fact that each copy is derived from the consensus se-
quence and has accumulated mutations randomly and independently of other copies. The nucleo-
tide substitution ratio obtained from the consensus sequence was estimated by the method used

Table 1. Sampling of the genomic sequence data used in this study

Animal Number of the Average and S.D. of the size of Average and S.D. of the
sequences the sequences GC contents (%)
Swine 70 45788164279 47274

Cattle 99 3283656970 46.7+9.0
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by Tajima and Nei (1984)”.

Resuits

The percentage of total bases in the sampled genome sequences for each class of repeats is
shown in Table 2. LINE was the largest part in the mammalian genome; however, the proportion
of LINE in the porcine genome was slightly lesser than those in the other mammalian genomes.
The ratio of SINE repeats in human and porcine genomes was approximately 14%, and it was
equivalent to the ratio of LINE in the porcine genome. The proportions of the LTR elements in
human and mouse genomes is 8.55% and 9.87%, respectively and those in the other mammalian

Table 2. Percentage of the total bases of the genome sequences in each class of the repeat sequences.

SINE LINE LTR DNA Unclassified Small Satellite  Simple
element  element interspersed RNA repeat
repeat
Human” 13.64 20.99 8.55 3.03 0.15 0.04 0.34 0.87
Mouse” 8.22 19.20 9.87 0.88 0.37 0.06 0.30 2.27
Swine 14.32 13.77 2.36 1.69 0.02 0.10 0.00 0.79
Cattle 9.32 20.99 2.04 1.39 0.01 0.08 0.00 0.41

1) These data are transcribed from the Mouse Genome Sequencing Consortium (2002).

Table 3. Distribution of the nucleotide substitution ratio from the consensus sequence in the sampled sequences
of the porcine genome.

Substitution ratio SINE LINE LTR element DNAelement  Unclassified
from consensus interspersed
sequence (%) repeat
0—10 277" 3 1 1 0
10—20 998 93 18 39 0
2030 524 368 123 136 1
30—40 472 402 100 87 1
4050 67 360 5 33 0
50—60 14 i 18 12 0
60—70 1 1 1 1 0

* Number of repeats

Table 4. Distribution of the nucleotide substitution ratio from the consensus sequence in the sampled sequences
of the cattle genome.

Substitution ratio SINE LINE LTR element DNAelement  Unclassified
from consensus ' interspersed
sequence (%) repeat
0—10 322* 0 3 2 0
10—20 687 62 18 34 0
20—30 276 260 86 108 0
30—40 298 361 71 38 1
40—50 49 201 11 5 0
50—60 11 70 3 1 0
60—70 1 0 0 0 0

* Number of repeats
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Table 5. Number of sequences of the LINE family in the porcine and cattle genomes.

BovB/Art2 L3/CR1 LINEL LINE2
Porcine genome 0 49 623 338
Cattle genome 457 38 539 275

genomes were less than 2.5%. The ratio of the DNA elements was less than 2.5%, except in the
case of human DNA elements. The ratio of the simple repeats was less than 1.0%, except in the
case of mouse simple repeats.

The distribution of the nucleotide substitution ratio obtained from the consensus sequence in
the sampled sequences of the porcine genome is shown in Table 3. The peaks of the distribution
of SINE, LINE, L'TR element, and DNA element in the porcine genome were 10% —20%, 30% —
40%, 20% —30%, and 20% —30%, respectively. The distribution of the nucleotide substitution
ratio obtained from the consensus sequence in the sampled sequences of cattle genome is shown
in Table 4. The peak of the distribution of SINE, LINE, LTR element, and DNA element in the
bovine genome was the same as in the porcine genome. The results from porcine and bovine
genome analyses also agree with those from human and mouse genome analyses””.

The number of LINE families present in the porcine and bovine genomes is shown in Table
5. The BovB/Art2 family was located only in the bovine genome, and L3/CRI1, LINEI, and
LINE?2 families were located in porcine and bovine genomes.

Discussion

The sampled genome sequences from the complete porcine and bovine genome sequences
might include a bias because of the greater number of sequences around the gene. However, the
difference in the proportion of SINE between complete human and mouse genomes suggest that
the difference between porcine and cattle sampling genomes is reflected in the difference between
the whole genomes. The peaks of the age distribution of the different classes of repeats were al-
most the same in the mammalian genome; however, the percentage of the total bases of SINE re-
peats was different. The results suggest that some mammalian species have genomes in which
SINE repeats are copied and interspersed at a higher frequency.

It is thought that the LINE1, LINE2, and LINE3 families are widely located in the mammal-
ian genom'”. Our results indicated that the BovB/Art2 family is younger than the widely distrib-
uted LINEs. We can use the LINEL, LINE2, LINE3, and BovB/Art2 families to study the evolu-
tion of appropriate regions in the mammalian genomes.

As an example, the genome structure of the TNFo gene in cattle and humans is shown in
Fig.1. The exon-intron structure of the TNFo. gene was highly conserved in the cattle and human
genomes. Two LINE/L2 repeats were located in the first intron of the cattle TNFo gene and in the
3 outer region of the human TNFa gene. The results suggest that recombination has occurred be-
tween the intron region of the TNFo gene from cattle and the 3 outer region of the TNFo gene
from the human genome.

Understanding the genome history is useful for analyzing the expression and function of
each gene in comparative research. However, in a genome, the regions excluding those that con-
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Fig. 1. Genome structure of the TNFo gene in the cattle and human genomes.

tain the genes are also important in evolution and gene function. For example, it is suggested that
the difference in the promoter region of a gene results in different expression patterns between
two animals.

Recombination of the genomic region can be investigated using SINEs, LINEs, and other re-
peats, which have different age distribution. If recombination is detected, we might be able to pre-
dict the change in the expression pattern of a gene in another animal in which the genomic region
has not been sequenced. Therefore, our results on the age distribution of SINE, LINE, and other
interspersed repeats are useful in the studies on genome evolution.
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