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Abstract Short interspersed repetitive elements (SINEs) are dispersed throughout eukaryotic 
genomes. These SINEs have been shown to be excellent phylogenetic markers for the closed 
related species. In this report, we isolated two novel families of SINEs from the mud loach. 
The two SINE families, mlSINE-L and mlSINE-S, have genomic lengths of about 410bp and 
270bp, respectively. 5’ and 3’ ends of the SINE families are well conserved and highly homologous 
to each of corresponding ends of RSg-1 and SmaI SINEs. Phylogenetic analysis shows that 
mlSINEs are unique to the mud loach. A dot blot hybridization experiment shows that mlSINE-L 
has an estimated copy number of 1 × 103 per 2 × 109bp (2.8 pg) and is more frequently distributed 
at nuclear matrix attachment regions (MARs) than loop DNAs. The result suggests that mlSINEs 
may preferentially integrate in or near MARs. 
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Introduction

At least 30% of human chromosomal DNA is com-
posed of short and long interspersed repetitive elements 
(SINEs and LINEs) [6]. Similarly, more than 50% of 
the some higher plant genomes, such as those of maize 
and Arabidopsis, also consist of repetitive sequences 
[2]. To date, almost all SINEs have been derived from 
tRNAs [15-18], with the exception of the primate Alu 
and the rodent B1 families, which are derived from 7SL 
RNA [26,27]. The tRNA-derived SINEs are not simple 
pseudogenes for tRNAs but have a composite structure 
including a region homologous to a tRNA, a middle 
tRNA-unrelated region, and a terminal AT-rich region 
[15-18]. SINEs are distinguished from LINEs based on 
their high copy number, relatively short length, and in-
ability to encode for enzyme, such as retrotranscriptase. 
They typically range from 70 to 500 bp in length and 
may present in over 104 total copies in the eukaryotic 

genome [16]. SINEs are dispersed in the genomes of 
various multicellualr organisms [16,17,21]. Certain 
families of SINEs found specifically within members 
of the specific clade. It is thought that SINEs are not 
excised precisely, and have not been inserted in-
dependently at orthologous loci within different evolu-
tionary lineages. Thus, SINEs have been shown to be 
excellent phylogenetic markers for the closely related 
species [4,12,13,16,22]. 

It is generally accepted that the integration of SINE 
at a new locus is an irreversible event [16] and that 
the sites of such integration are chosen almost at ran-
dom [8]. However, human Alus may preferentially in-
tegrate in locally AT-rich or regions of R-bands of chro-
mosomes [9,11,20]. Tikhonov et al. [25] also reported 
that S1 SINE elements in the genome of Brassica 
showed an interesting preference for matrix attachment 
region (MARs). DNA recombination is occurred on the 
nuclear　matrix　[1]. These reports suggested that MARs 



Short Repetitive Elements from the Mud Loach 187

Ａ

Ｂ

Fig. 1. Alignment and phylogenetic tree of RSg-1, SmaI, HpaI-MS type I, and mud loach mlSINE1. Sequence alignment 
and phylogenetic tree construction were carried out using DNAsis software (Hitachi). (a) Sequence comparison of mlSINE1 
with RSg-1, SmaI, and HpaI-MS type I at their 5’ (upper alignment) and 3’ (low alignment) ends. Dots indicate gaps inserted 
to improve the alignment. (b) Phylogenetic relationship of RSg-1, SmaI, mlSINE1 and HpaI-MS type I based on their 3’ 
sequence. Numbers above branches mean percentage sequence similarity. 

might be one of the strong candidates related to the 
integration of SINEs.

In previous study, we cloned an ARS (autonomously 
replicating sequence), ARS101, from matrix attachment 
regions of mud loach [10]. The ARS contained a partial 
Tc1-like element [5] and a new SINE-like element. We 
called the SINE-like sequence as mlSINE1. In this re-
port, we used the conserved regions of mlSINE1 as pri-
mers for isolating other related mlSINEs and screened 
the genomic libraries of the mud loach (Misgurnus miz-
olepis) and the genomic DNA by PCR. As a result, 
we isolated 28 clones and sequence analysis shows they 
are classified into two families, mlSINE–L and 
mlSINE–S. We also analyzed the distribution of 
mlSINEs in the genome, especially in MARs.

Materials and Methods

Screening of mlSINE from genomic library

Total genomic DNA from the mud loach was di-
gested with Sau3AI. The DNA fragments were ligated 
with λGem-11 BamHI arm vector (Promega) and were 
then packaged in vitro. Screening was performed with 
a DIG-labeled oligonucleotide, designed from mlSINE1, 
by PCR. Hybridization was performed according to in-
structions supplied with the DNA Detection Kit 
(Roche). Positive phage clones were isolated and their 
inserts were amplified by PCR with the primers 
(forward, 5’-CGGAATTCTCTGCWGCYAATGATCG 

GA-3’; reverse, 5’-CGGAATTCTTTATTTAACCAG 
GTA-3’) designed from mlSINE1. The products of PCR 
were isolated and inserted into pURY19 vector [10] and 
then the sequences were determined.

Polymerase chain reaction

The reaction mixture for amplification by PCR con-
tained Taq buffer (50 mM KCl, 10 mM Tris-HCl, 
pH9.0, 0.1% Triton X-100, and 1.5 mM MgCl2), 0.25 
mM dNTP, 10 pmole of each primer (forward, 
5’-CGGAATTCTCTGCWGCYAATGATCGGA-3’; 
5’-reverse, 5’-CGGAATTCTTTATTTAACCAGGTA-3’), 
1 μg of genomic DNA, and 1 unit of Taq DNA ploy-
merase (Promega) in a final volume of 50 μl. The ther-
mal cycling involved 30 repeats of denaturation at 94℃
for 1 min, annealing at 52℃ for 30 sec, and expansion 
at 72℃ for 30 sec. The reaction mixture then was ana-
lyzed by electrophoresis in a 1% of agarose gel. The 
bands of products were cut from the gel, and the DNA 
fragment were purified and digested with EcoRI. The 
EcoRI-digested DNAs were ligated to pURY19 vector 
digested by EcoRI [10].

Dot blot hybridization

Dot blot hybridization was performed to estimate the 
number of copies of SINE sequences in the genome 
of mud loach. Increasing amounts of genomic DNA 
(0.62, 1.25, 2.5, 5, 10, and 20 μg) or mlSINE1 clones 
in pURY19 vector (0.16, 0.13, 0.63, 1.25, 2.50, and 
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Fig. 2. Sequence alignment of 17 members of the mlSINEs from the mud loach. The mlSINEs are parted into two groups, 
with 410 bp (a) and 270 bp (b) in length, respectively. Large boxes indicate identical nucleotides. Dashes indicate gaps inserted 
to improve the alignment.

5×1010) were dissolved in 400 μl of 0.4 M NaOH. After 
denaturation in 0.4 M NaOH, each DNA sample was 
blotted onto a GeneScreen Plus membrane (DuPont 
NEN products, USA) with a dot-blotting apparatus 
(model DP-96; Advantec, JAPAN). The membrane was 
neutralized in a solution of 0.5 M Tris-HCl (pH 7.0) 
and 1 M NaCl and then dried. Hybridization was per-
formed by a DIG-labeled oligonucleotide designed from 
mlSINE1. Intensities of the spots were measured by 
densitometry via image analysis system (Bio ProfilⓇ, 
FRANCE). The procedure to obtain nuclear matrix as-
sociated DNAs (MARs) and released DNAs (loop 

DNAs) followed Lim et al [10].

Results

From the clone, ARS101, we isolated from the mud 
loach [10], and a new SINE-like element (mlSINE1) 
is found. We compared the mlSINE1 sequence with 
HpaI [3], RSg-1 [29] and SmaI [24] SINEs, the most 
related sequences resulted from BLAST search. The 
analysis showed that the 5’ and 3’ ends (80 bp and 
67bp, respectively) of them were highly conserved (Fig. 
1A) even if HpaI SINE showed low conservation at 
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Fig. 3. Clustering and the consensus sequences of two families of mlSINEs from the mud loach. (A) Clustering of mlSINE-L 
and mlSINE-S was derived from alignments of 17 members of mlSINEs in Figure 2a and b. Numbers above branches mean 
percentage sequence similarity. (B) The consensus sequences of mlSINE-L and mlSINE-S were derived from the data in 
Figure 2a and b. Boxes indicate identical nucleotides.

the 5’. However, the phylogenetic relationship of 
mlSINE1, RSg-1, SmaI and HapI elements indicated 
that mlSINE1 is distinguished from the related se-
quences (Fig. 1B). This suggests that mlSINE1 is a new 
SINE sequence.

Isolation and characterization of mlSINEs
families

To obtain more information about the mlSINEs, we 
isolated additional 28 clones by screening from ge-
nomic libraries and PCR from genomic DNA of the 
mud loach and then determined the sequences. The se-
quence analysis shows that clones are clearly assigned 
to 17 members of two types of mlSINEs, with about 
410 and 270 bp in length, respectively (Figs. 2 and 3A). 

Sequences of some members, AGACACT (35-41) in 
mlSINE12, 14, 15, 16, 17 and ATAACATA (94-101) 
in mlSINE8, 9, 10, 11, 12, 13, 17, AACTGGACTGCC 
(140-151) in mlSINE7 and TTTGTTTTTTT (282-292) 
in mlSINE6 show deletions and/or insertions. 
Phylogenetic analysis suggests that two families of the 
mlSINEs, mlSINE-L and mlSINE-S are distinctly sepa-
rated (Fig. 3A). As shown in Figure 3b, the 5’ and 3’ 
regions of the consensus sequences of mlSINE-L and 
mlSINE-S were relatively conserved and specially the 
3’ region of the sequences were more conserved than 
the 5’ region. 

Distribution of mlSINEs in mud loach

Eukaryotic genomes contain a large number of mo-
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bile elements that have proliferated by retroposition to 
produce numerous copies of interspersed repeats 
[19,23,28]. To estimate the number of copies of the 
mlSINEs in genomes of mud loach, we performed the 
dot hybridization with mlSINE1 as the probe. As shown 
in Figure 4a, 5 μg of DNA from the mud loach genome 
gave same intensity as spot of the 0.63 × 1010 copies 
of the plasmid containing mlSINE1 based on the densi-
tometry measurement. Based on the genome size of 
mud loach (2.8 pg=2 × 109 bp) [14], we can infer that 
mud loach has 1 × 103 copies of the mlSINEs, judging 
from the intensities of spots on the membrane by densi-
tometry via image analysis. In addition, Figure 4B 
shows that the intensity of matrix attachment region 
(MAR) was more than two times higher than that of 
loop DNA. The result indicates the preference of 
mlSINEs in the integration for MARs. 

Discussion

We isolated two new SINE families, mlSINE-L and 
mlSINE-S, from the mud loach and compared the se-
quences with related SINEs. The mlSINE-L consists of 
about 410-422bp, while mlSINE-S consists of about 
264-271 bp (Fig. 3). The 5’ and 3’ ends of mlSINEs 
are significantly homologous to the corresponding ends 
of HpaI, RSg-1, and SmaI SINEs, except the 5’ end 
of mlSINE is less conserved with 5’ end of HpaI (Fig. 
1 A). However, phylogenetic analysis indicates that the 
mlSINEs is a new SINE families (Fig. 1B). The RSg-1 
family, whose members have well-defined 3’ ends that 
contain poly A segments and heterogeneous 5’ ends, 
was reported from the rainbow trout [29]. The salmonid 
HpaI SINE was first described as one of three families 
of SINEs, each of which was distributed in a different 
lineage during the evolution of salmonids [7]. The other 
two families of SINEs are the salmon SINE, which is 
restricted to chum and pink salmon, and the charr FokI 
SINE, which is only found in species in the genus 
Salvelinus chauus [7]. The salmon SmaI family is a 
family of SINEs, whose members are restricted to the 
genomes of chum and pink salmon in the genus 
Oncohynchus [7]. Kido et al. [7,8] suggested that 5’ 
and 3’ ends of AvaII, ForkI, HpaI, and SmaI from sal-
monid fishes are well conserved. These may suggest 
that mlSINEs are uniquely evolved in cobitid fishes and 
phylogenetic markers for the family. To clarify that 
point the further study is needed. 
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Fig. 4. The copy numbers and distribution of the mud loach 
mlSINEs in the genome by a dot-blot hybridization. (a) The 
copy numbers of mlSINEs. The copy number of cloned ele-
ment (mlSINE1) (0.16-5.0 x 1010) and amount of genomic 
DNA (0.62-20 μg) blotted on the membrane are on the top 
and bottom, respectively. (b) Distribution of mlSINEs in the 
mud loach genome. MAR and loop indicate nuclear ma-
trix-bound and -unbound DNA, respectively. Two different 
amounts of genomic DNA (5 and 20 μg) used. 

A dot-hybridization analysis shows that mlSINEs are 
present at about 103 copies per 2 × 109 bp and more 
frequently distributed in matrix attachment regions 
(MARs) than loop DNAs (Fig. 4). It is generally ac-
cepted that the integration sites of SINE are chosen al-
most at random [8]. In recent study, however, S1 SINEs 
of Brassica are more frequently integrated into MAR 
than loop DNA [25]. Our result is also similar to that 
of Tikhonov et al [25]. It is known that DNA recombi-
nation is occurred on the nuclear matrix [1]. Thus, ma-
trix attachment region (MAR) might be one of the 
strong candidate related to integration. 

요 약

짧은 집단 반복 요소 (Short Interspersed Repetitive 
Elements, SINE) 는 수백개 정도의 염기로 구성된 반
복염기서열로서 LINE (Long Interspersed Nucleotide 
Elements)와 함께 바이러스와는 구별되는 레트로트
랜스포존 (Retrotransposon)의 하나로 알려져 있다. 
이들의 생체 내 역할은 정확하게 밝혀진 것은 없지
만 게놈 내에서 반복염기서열의 재배열을 통해 완전
히 새로운 유전자를 창조하거나 기존의 유전자를 변
형시킴으로써 유전물질의 운반수단 및 진화적 변화
에 있어서 중요한 역할을 할 것이라 예상되며, 질병
의 원인이 된다고도 밝혀져 있다. 본 연구에서는 미
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꾸라지로부터 SINE의 새로운 두 그룹을 분리하였
다. 두 SINE 그룹, mlSINE-L과 mlSINE-S는 각각 약
410bp와 270bp의 염기로 구성되어 있다. 두 SINE 그
룹의5’과 3’말단의 서열은 RSg-1와 SmaI SINE 의 그
것과 높은 유사도를 보였다. 계통발생분석결과, 
mlSINE들은 미꾸라지에서 유일하였으며, dot blot 
hybridization의 결과는 mlSINE-L이 미꾸라지 게놈 
2×109bp (2.8 pg)당 1×103 copy를 가지는 것으로 추정
되며, loop DNA보다 핵기질부착부위 (nuclear matrix 
attachment regions, MARs)에서 그 분포도가 높았다. 
이런 결과는 미꾸라지의 새로운 SINE 들이 핵기질
부착부위 내에서나 혹은 가까운 주변에 우선적으로 
삽입될 수 있음을 나타낸다. 
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