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Abstract.  Short interspersed DNA elements (SINES) Introduction

amplify by retroposition either by (i) successive waves of

amplification from one or a few evolving master genes orB1 sequences are a family of short interspersed DNA
by (ii) the generation of new master genes that coexiselements (SINEs) specific to the genomes of rodents,
with their progenitors. Individual, highly conserved, el- originating from the 7SL RNA gene (Rogers 1985).
ements of the B1 SINE family were identified from the There are an estimated 80,000-100,000 B1 copies per
GenBank nucleotide database using various B1 subfamhaploid genome irMus (Krayev et al. 1980; Rogers

ily consensus query sequences to determine their intet985). These elements, referred to as retroposons, are
gration times into the mouse genome. A comparison ofamplified in the genome by RNA-mediated transposi-
orthologous loci in various species of the geras  tion. The majority of B1 elements are pseudogenes, as
demonstrated that four subfamilies of B1 elements havenly a few loci (termed master or source genes) are ca-
been amplifying within the last 1-3 million years. There- pable of serving as the source for retroposition (Dein-
fore, B1 sequences are generated by coexisting sourdeger et al. 1992). B1 elements have demonstrated recent
genes. Additionally, three B1 subfamilies have been conactivity by yielding a polymorphism in an androgen-
currently propagated during subspecies divergence angtlated mouse gene (King et al. 1986). This element was
strain formation ifMus,indicating very recent activity of found integrated into this gene in the DBA strain\dfis

this retroposon family. The patterns of intra- and inter-musculus,but lacking in the C57BL/6 and BALB/c
species variations of orthologous loci demonstrate thestrains.

usefulness of B1 integrations as a phylogenetic tool. A Distinct SINE families are concurrently active in ro-
single inconsistency in the phylogenetic trends was dedent genomes. For instance, current activity of the
picted by the presence of a B1 insert in an orthologousRNA-derived B2 repeats has been demonstrated by re-
locus exclusively inM. musculusand M. pahari. How-  cent insertions present only in certain strains of mice
ever, DNA sequence analysis revealed that these wer@gominami et al. 1983; Roy et al. 1998), as well as in a
independent integrations at the same genomic site. Oneell line (Oberbamer 1992). No evidence exists for re-
highly conserved B1 element that integrated at least 4—@ent activity of the tRNA-derived ID retroposons in
million years ago suggests the possibility of occasionaimice, although these elements have generated insertional

function for B1 integrations. polymorphisms in the rat (Schuler et al. 1983; Kim and
Deininger 1996).

Key words: B1 retroposon — SINE subfamilies — The rodent B1 family, based on a detailed sequence

Mus — B1 integration — Master gene — SINE evolu- analysis (Quentin, 1989), has been grouped into six sub-

tion families distinguished by diagnostic variants (Fig. 1).

The subfamily structure of B1, based on diagnostic po-
sitions and sequence divergence (pairwise similarities),
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2800 Plymouth Road, Ann Arbor, MI 48105, USA during the course of rodent evolution (Fig. 1), the young-
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Fig. 1. Evolution of B1 subfamilies as determined by Quentin (1989), including diagnostic nucleotide changes, pairwise similarities, and rodents
known to harbor these sequences.

pattern is consistent with the evolution Afu sequences Liver tissue from thel. musculusstrains ICR, BALB/c, and C57BL/6

in primates, in which the sequential amplification of sub-Were provided by Dr. Astrid Engel, Louisiana State University Medical
families has been derived by a limited number of master®"®"

genes (Deininger et al. 1992). Four of the six B1 sub-

families demonstrate equivalent pairwise similaritiesDNA Isolation

(Quentin 1989; Fig. 1), indicating either that subfamily

evolution occurred in a brief period of time or that there DNA was extracted from the livers of the three straind/bfmusculus
has been concurrent evolution of B1 subfamilies (sugusing the Super Quik Gene kit (Analytical Genetic Testing Center, Inc.,
gestive of multiple master loci). This study addresses th&enver. CO)-

more recent activity of the B1 retroposon by analyzing

the most conserved elements and estimating integratiogjentification of Loci Containing Young B1 Elements
times by comparing orthologous loci of various species

of Mus. Highly conserved B1 sequences were selected by a bias screening of
SINE integrations are highly stable and provide the GenBank database by a BLAST search (Altschul et al. 1990) using

highly useful phylogenetic markers (Cook and Tristemsegments of the subfamily consensus sequences (Quentin 1989).
1997), since the shared insertion of the element within a

specific DNA sequence WOL!|d be identi'cal by QescentPCR, Cloning, and DNA Sequencing

rather than by state. Analysis of these integrations has

been utilized to determine phylogenetic relationships N analyze orthologous loci of different speciesvbis,and subspecies
salmon and trout (Murata et al. 1993, 1996) and cetarand strains oM. musculusprimers were designed that flank the B1

tiodactyls (Nikaido et al. 1999). Therefore, this work also sequences and thereby test for the presence or absence of B1 elements.
addresses the possible utility of isolating young B1 ele-GeneWorks (Oxford Molecular Group) was used to determine the ef-

; e fectiveness of the primers for amplification. The absence of the B1
ments as a phlegenetlc tool within the gerMes. element yields a fragment approximately 135 bp smaller than templates

containing the B1 element. Divergence times of these mice were used
to estimate times of integration of individual B1 elements.
Methods PCR amplifications were performed in 20-volumes containing
1x Taq buffer (GIBCO), a 20Q.M concentration of dNTPs (Pharma-
cia), 3 MM MgCl,, a 0.25uM concentration of each primer (Table 1),
1 U Taq DNA polymerase (GIBCO), and 50 ng DNA. Reactions were
performed using an MJ thermal cycler at various annealing tempera-
tures (NN/NN,) for the different loci (see Table 1) under the following
DNA from the following Mus species and strains were purchased from conditions: 94°C for 2 min, 1x; 94°C for 15 s, NAC for 15 s, and
the Jackson Laboratoryl. musculus muscul(€ZECH II/Ei), M. m. 72°C for 30 s, 5%; 94°C for 15 s, NRC for 15 s, and 72°C for 30 s,
domesticu§ZALENDE/Ei), M. m. domesticuéSKIVE/Ei), M. m. mo- 25x%; and 72°C for 5 min. Amplification products were analyzed by
lossinus (MOLF/Ei), M. m. castaneu§CASA/Rk), M. hortulanus 1.5% agarose gel electrophoresis.
(PANCEVOIEI), M. spretus(SPRET/EI),M. caroli, and M. pahari. For verification of the correct locus, at least one product with an

Samples
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Table 1. Conditions and primers used for amplifying B1-containing loci

B1 subfamily Locus (accession No.) Primers Annealing conditions Expected siZe (bp)

B MMTDGF1 (X93470) B-acgcgatcggtctttccagttc-3 53°C/49°C 680
5'-cgacttacctgaaatgtaaga-3

B MMILBP (U00938) 5-ccagtgttacagaaggttgt-3 59°C/56°C 614
5'-ccacagagataatgcaagcata-3

B MMAFPGEN (X87098) 5-tgagtttgggataggtaagat-3 60°C/57°C 560
5'-ttatgctacagtcggcctgttc-3

B MMWHNGENE (Y12488) B-gccctgcttetttgtgaact:3 53°C/49°C 640
5'-tgcctggacaatcttcagaac-3

A MMHC438N12 (AF049850) 5gctttctgatgaaaggcctg-3 61°C/59°C 370
5'-gctcatttcctctgacccaa-3

A AF030883 (AF030883) 5ttcggtgagttggaggctag-3 60°C/57°C 595
5'-ccaagtagctcccaacgaga-3

C MUSBAND31 (M16536) 5-tggcctcgaactcectaagt-3 57°C/54°C 467
5'-atggctcctgtacgaccatd-3

C AC002121 (AC002121) 'Baactgtaacgcaaggctgtg-3 53°C/49°C 525
5'-cccttcatcctgaagactcd-3

D MMU39442 (U39442) 5-gccacgtattgetctggtcta-3 58°C/55°C 454
5'-cacatcacatccttgccact-3

D MMHC135G15 (AF050157) 5catggttgtccacactctec-3 61°C/59°C 485

5'-acaagcctttcactggcttg-3

2 Expected size of the product containing the B1 insert. The subfamily represented by the B1 element is indicated.

insert and one without an insert (if applicable) were cloned and seelement (Copies of raw data available by request)_ A
quenced. Direct cloning of the PCR products was performed by TA'representative locus (MMAFPGEN) is shown in Fig. 2.

cloning into either the pGEMT vector (Promega) or the pCR2.1-TOPO
vector (Invitrogen).

Divergence times during the course of evolutionvbds

DNA sequencing was performed using universal primers (M13R,SPecieés and subspecies are based on Bonhomme and
T7, SP6) either manually, using Sequenase (USB) with separation bisuenet (1996) and Boursot et al. (1993) and represented
electrophoresis using a denaturing 5% Long Ranger (FMC) gel andp, Fig. 3. An amplified fragment approximately 135 bp
autoradiography, or by the use of an ABI prism automated DNA se—Iess than expected indicates the absence of the B1 ele-
ment, which was verified by cloning and sequencing at
least one absence variant. At least one presence variant
for each locus was sequenced to confirm the correct lo-
cus and SINE integration. In cases where the B1-B in-

quencer.

Results

Identification of Younger B1 Elements Among

Various Subfamilies

We chose 10 loci to analyze, representing constituents oI
the four youngest subfamilies (A, B, C, D) of B1 ele-
ments, three of which (A, B, C) are found in mice but not
rats (Quentin 1989). These elements are among the mott

tegration appeared to be specific fdr musculugTable

2), several subspecies and strains were subsequently ana-

yzed (Table 3).
Among the four B1-B elements analyzed, two

(MMTDGF1 and MMWHNGENE) were identified only

in certain strains oM. musculugTable 2 and 3), indi-

highly conserved in relation to their respective consensu§ating that this subfamily has been active since the ra-

sequences. We isolated four B subfamily loci (Table 2

) diation of subspecies within the past 500,000 years (Fig.

as these represent the youngest subfamily based on t133- Because several strains have these inserts, the inser-
evolutionary scheme of Quentin (1989) and are therefordon predates the development of the strains. The pres-
predicted to have a higher probability of being more €NC€ of the B1 within these two loci in the genomes of

recently integrated. The D-subfamily element in the lo-

ICR, BALB/c, and ZALENDE/Ei M. m. domesticys

cus MMHC135G15 was the first listed sequence of theSU99ests that these strains were derived fronddrees-
BLAST search using differing subfamily consensus selicus subspecies. Recent retropositions of B1 elements

quences. This was not an anticipated result since meni'@y therefore provide a tool for assessing the origins of

bers of an older subfamily would typically demonstrate SUPSPecies and strains bius. _ _
M. pahari seemed to contain a Bl insert in the

greater divergence.

Determination of Integration Times by PCR of
Ortholgous Loci: B Subfamily Analysis

MMWHGENE locus. More surprisingly, the analysis of

theM. paharisequence for this B1-containing locus (Fig.
4) suggests a separate insertion into precisely the same

site. The evidence supporting independent integrations
Each of the 10 loci was analyzed by using various speincludes (i) two distinct variants (note the nucleotides
cies ofMusto determine the integration time of the B1 labeled with an asterisk in Fig. 4) within the flanking
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Table 2. Analysis of integrations of conserved B1 elements, representing different B1 subfamilies, using various spdaigs of

Insertion Time of
insertion
No. Locus Mm?* Mm? Mmd Ms Mh Mc Mp (mya) Variants
B subfamily
1 MMTDGF1 + + + - - - 0 <0.5 4(3)
2 MMILBP + + + - + - - <1 3
3 MMAFPGEN + + + + + - - 1-3 7 (6)
4 MMWHNGENE + + + - - - +* <0.5 4(3)
A subfamily
5 MMHC438N12 + + + + + - - 1-3 5 (4)
6 AF030883 - + - - - 0 <0.5 4(3)
C subfamily
7 MUSBAND31 + + + + + + 0 =36 7(6)
8 AC002121 + + + + + 0 0 =1-3 9(8)
D subfamily
9 MMU39442 + + + + + - - 1-3 5(4)
10 MMHC135G15 + + + + + + + >4-6 3

#Loci correspond to GenBank designations. A plus sign indicates theants are in relation to subfamily consensus sequences described by
presence of the B1 element within the particular locus; a minus signQuentin (1989); the number in parentheses takes into account a com-
absence of the B1; a zero indicates no amplification product. Speciemon variant to the consensus. Times of insertion of individual B1
designations: Mrhand Mn?, Mus musculus musculu¢BALB/c and elements are based on their presence/absence in valiasispecies.

ICR strains, respectively); Mmdylus musculus domesticults, Mus The asterisk represents an independent same-site insertion (see text).
spretus;Mh, Mus hortulanusMc, Mus caroli; Mp, Mus pahari.Vari-

m 1 2 3 4 5 6 7 - repeat oM. musculugFig. 4), representing the ancestral
form of this locus between these two species; (iii) the B1
insert inM. pahariappears to be a B1-C/B1-B interme-
diate rather than B1-B; and (iv) the sequences of the
A-rich tails are considerably more variant between the
species than are the A-rich flanking direct repeats, plus
there are no shared variants that punctuate the polyA tail.
In contrast, a comparison of the MMTDGF1 locus be-
tween that obtained fov. m. domesticuand the pub-
lishedM. musculugstrain 129/SV) sequence shows fea-
tures representing a single integration, such as identical
flanking direct repeats and identical punctuations (two
cytosines) within the A-tail.

Although most similar to the consensus sequence, the
B1-B element in the MMILBP locus was present in all
M. musculusstrains analyzed in this study, as well as in
M. hortulanus(Table 2). However, it was absent in the
orthologous locus oM. spretus.The evolution of these
Fig. 2. Analysis of the MMAFPGEN locus for the presence or ab- three species dflusis unclear (Prager et al. 1996) and
sence of a B1-B integration. Lane m, 100-bp ladder (Gibco BRL); |an€‘usua||y shown as a trichotomous Sp||t (F|g 3), a|though
L, M. m. musculu¢BALBJc); lane 2,M. m. musculudICRY); lane M. yiq ragult may suggest thit. spretusis a sister taxon.
m. domesticustane 4,M. spretusilane 5,M. hortulanus;lane & M Identification of additional B1 markers may potentially
caroli; lane 7,M. pahari; lane —, negative control (no template DNA).

resolve this uncertainty. The apparently oldest B1-B
analyzed (MMAFPGEN) is found i. hortulanus, M.
direct repeats betweeddl. pahariandM. musculusoth  spretus,andM. musculusand has integrated within 1-3
precede and succeed the B1 integrations in their respetnya (Fig. 3). As predicted, the B1-B subfamily is very
tive species (one variant, however, is an insertion/oung, with half of the analyzed B1-B-containing loci
deletion of a nucleotide and either may have mutatediemonstrating variation withiM. musculussubspecies.
postdating the integration or may indicate that the inde- ) )
pendent integrations occurred at positions that differed® Subfamily Analysis
by a single nucleotide); (iiM. hortulanus,which lacks =~ Two B1-A-containing loci were analyzed for integration
the insert, contains the sequence identical to the diredimes. The B1-A located in the AF030883 locus was

+ Bl wp

-Bl w»
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L(B), 4(B)**, 6(A)
M. musculus

3(B), 5(A) subspecies

8(C)*, 9(D) 2(B) —_—
M. hortulanus

7(C)*
M. spretus
M. caroli
10(D)*
4(B)=* .
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Fig. 3. Phylogenetic relationship betwedfus species and Bl inte- subfamily.Single asteriskindicate that the time of integration may be
grations. Evolutionary relationships and divergence times are based ogreater for these loci due to the lack of identification of amplification
Boursot et al. (1993) and Bonhomme and Gete(1996). Numbers  products of more divergent speci@ouble asteriskéndicate indepen-
correspond to loci in Table A.etters in parenthesefer to the B1 dent, same-site, integrations.

Table 3. Analysis of B1-containing loci that are variant withius musculus

Strain

Locus BALB C57 ICR CZECH CASA MOLF SKIVE ZALEN
1(B)

MMTDGF1 + - + - - - - +
4(B)

MMWHNGENE + + + - - - - +
6(A)

AF030883 - + + - + - - -

2A plus sign refers to the presence of the B1 and a minus sign indicates the absence. Subspecies and strain designations: BAL®, BALB/c
musculusssp.; C57, C57BL/&1. m.ssp.; ICR, ICRM. m.ssp., CZECH, CZECH II/EM. m. musculusCASA, CASA/RKM. m. castaneusylOLF,
MOLF/Ei M. m. molossinusSKIVE, SKIVE/Ei M. m. domesticusZALEN, ZALENDE/Ei M. m. domesticus.

found only in some strains &fl. musculugTables 2 and B1-B elements to their resepective consensus sequences.
3), indicating a recent integration (Fig. 3). The C57BL/6, The B1-C element within MUSBAND31 was observed
ICR, and CASA/RKk strains contain the insert. The B1-Ain M. caroli, as well asVl. hortulanus, M. spretusindM.
within MMHC438N12 apparently integrated prior to the musculus(Table 2), indicating that its integration oc-
spretus, hortulanus, musculsplit (Fig. 3). Like the curred at least between 3—6 mya (Fig. 3). This time frame
B1-B elements, B1-A has been active for about 1-3ould not be narrowed since no amplification product
million years and demonstrates recent activity as wellwas obtained foM. pahari. The AC002121 B1-C insert
Although the B subfamily master gene was apparentlywas identified inM. musculus, M. hortulanusnd M.
derived from the A subfamily master gene (Quentinspretusalthough no product was obtained figr caroli
1989), both have been concurrently active. or M. pahari(Table 2), possibly the result of an acquired
mutation in the primer region. Although only two B1-C
loci were analyzed, King et al. (1986) identified a poly-
morphic B1 element in the RP2 gene, which was present
in two DBA strains and absent in the BALB/cJ and
C57BL/6J strains oM. musculus Application of sub-
The most conserved B1-C elements demonstrated mofamily diagnostic nucleotides places this element in the
variation from the consensus than did the B1-A andB1-C subfamily. Therefore, although apparently older in

C Subfamily Analysis
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3 Fig. 4. Sequences of orthologous
MM CTGAGTTCGAGGCCAACCTGGTCTACAAAGTGAGTTCCAGGACAGCCAGG B1-B-containing loci (4B in Table
MP . G. oottt i e G.A . e e e 2). MM refers toMus musculus,
MH  mmmmomooos s o oo e oo oo MP refers toM. pahari, MH refers
B1-B e G e to M. hortulanus(which lacks the
B1l-C e G.ooiiii i, Gt e e e e B1 insert), and B1-B and B1-C are
consensus sequences for their
4 respective B1 subfamilies. The B1
MM GCTATACAGAGAAACCCTGTCTCG] AA--GGAAAAAAAAATATATATAAG sequences aferacketed. Dots
MP e e e A]..AACC......... A.A.A.A. .- indicate sequence identity to MM.
MH e Dashesare used for maximal
BL-B o, ] alignment.Underlined sequences
Bl-C CC ] represent flanking direct repeats.
Asterisksrefer to variants that both
" « precede and succeed the B1
MM GAAAAGAAAAGAAAGAAAAAAATATTTGACTTTATCCTGGA integration. Thenumbersindicate
the four diagnostic nucleotide
Mp Tt T T T e e B...Ceoeovonnnnnnn T positions that distinguish the B1
MH == mmmm e e e L i i e e ettt et

subfamilies (Fig. 1).

origin than B1-A and B1-B, it has demonstrated recenDiscussion
activity.

Concurrent Generation of B1 Elements Arising from

D Subfamily Analysis Differing Master Genes

Although not restricted to the mouse, the B1-D se-Ten Bl-containing orthologous loci, representing four
quences demonstrate a pairwise similarity approachingubfamilies (based on diagnostic nucleotides (Quentin
that of the mouse exclusive elements (Fig. 1). Two01989)), were analyzed for insertion times. The results are
highly conserved B1-D elements were analyzed. Thesummarized in Fig. 3. All four subfamilies were concur-
B1-D integration into MMU39442 is absent M. caroli rently active between 1 and 3 mya as depicted by their
and M. pabhari but present in the other analyzed speciespresence in loci inM. spretus, M. hortulanusand M.
(Table 2) and therefore inserted between 1 and 3 myanusculusbut absence iM. caroli and M. pahari. Ac-
(Fig. 3). This indicates somewhat recent activity of thiscording to Quentin (1989), B1-C and B1-A were both
B1 subfamily. The B1-D integration into the derived from B1-D, while B1-A yielded B1-B (Fig. 1).
MMHC135G15 locus was the most conserved sequenc&hese results are in agreement with Quentin, as the
(along with MMILBP) in relation to its respective sub- four combined B1-C and B1-D elements analyzed were
family consensus sequence (Table 2), suggesting a recegéenerally older than the four B1-B and two B1-A
insertion. Additionally, there was no variation betweenelements. However, the integration time of a B1-C
the M. m. domesticu81-D sequence (obtained in this element (MUSBAND31) is older than a B1-D element
study) within MMHC135G15 and the GenBank se- (MMU39442), indicating that the subfamily evolution
quence. However, because this insert was found in alvas not the result of a change in the master gene but was,
analyzed species dflus, the integration must have oc- rather, the result of the formation of a new master gene.
curred at least 4—6 mya. The relative lack of randomin addition, three master genes have been active during
mutations of this B1-D element suggests the possibilityM. musculussubspecies formation, as evidenced by the
of function. two B1-B and one B1-A presence/absence variants
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within M. musculusand the previously identified B1-C integration is also supported by analyses of recdnt
variant within the RP2 gene (King et al. 1986). There-integrations in humans, which indicate that either these
fore, although successive waves of amplification maySINEs are absent in orthologous loci of other primates
occur based on the successive generation of master, in a few cases, integration of a “younglu element
genes, the original master gene apparently maintains itsredates the divergence of humans and chimpanzees. In
activity. At least three B1 subfamilies (master genes)either case, there is a correspondence with primate phy-
have been active during “recent” times, therefore condogeny. In a rare case, a gene conversion event altered the
tinuing to have an impact on the genome of this speciesintegrated element to represent a differaht subfamily
(Kass et al. 1995), although it was tAdu sequence, not

the integration event, that deviated from phylogenetic
trends. Only a single recognized example exists of inde-
pendenfAlu integrations within the vicinity of each other

SINE integrations have been proposed to be a highly, 4 orthologous locus between the chimpanzee and the
valuable tool in phylogenetics (Cook and Tristem 1997;, ,man (Arcot et al. 1998) yielding similarly sized PCR

Murata et al. 1993, 1996; Nikaido et al. 1999). The ¢auments. However, unlike locus 4B, these were not

power of this type of analysis comes from use of dataitin the same site. Nikaido et al. (1999) also identified

from multiple loci. Additionally, this type of analysis is ,ima| integrations of retroposons. However, these in-

s!mple to employ_ by PCR andl agarose gel EIeCtrc.)phoredependent insertional events were observed in genomes
sis and can provide as much mformaﬂon as dgtalled SCof organisms distinguished at more distant taxonomic
quence analyses and Southern blotting as depicted by tq
use of Alu integrations in human population studies to
support the Out-of-Africa hypothesis (Batzer et al.

1994). The limiting factor in the use of SINEs involves

Utilization of B1 Integrations as a Phylogenetic Tool

Evels, which significantly increases the chance of iden-
tifying this type of occurrence.
The divergence of. hortulanus, M. spretusgandM.

. e S . musculushas been controversial (Prager et al. 1996),
the identification of individual elements that provide use- . i .
hence usually written as a trichotomous split. Although

ful markers. By using a biased search of the geneti i -
database, we have demonstrated rapid identification gtpe data we present are limited, the finding of a shared

B1 elements useful in the analysishfis phylogeny. Al variant betweerM. hortulanusand M. musculuss sug-

but possibly 2 elements postdate a particular point (nod e_s'uve of a clade, witt. sprgtustht_e sister group. This
within the evolution of this genus, and 3 of the 10 ana- vidence supports the detailed mitochondrial DNA se-

lyzed elements demonstrate variation witihin muscu- quence analysis by Prager et al. (1996, and references

lus species. Therefore, we predict that employing a pi.therein). Another key advantage of using SINE integra-
gms as markers is that the insertions are stable, and

ased search of the genome would generate numerod ; .
additional markers, particularly using the A, B, and c therefore each variant undeniably represents a synapo-
subfamilies. morphy; i.e., these types of variants are identical by de-
The locus referred to as 4B appears to be the singl€CeNt rather than by state. _
exception for integrations following phylogenetic trends. T he origin of strains and geographic racedvafs has
Based on the DNA sequence of locus 4BNh pahari, been difficult to assess (Santos et al. 1993; Prager et al.
th|s anoma'y iS apparent'y the resu't Of Same_site |nde_1996, Boissinot and Boursot 1997) Rapld identification
pendent integrations. However, the impact of indepenand ease of use make B1 integration markers a promising
dent integrations warrants only minimal considerationne€w tool for this purpose. The limited data of this study
when utilizing B1 integrations as a phylogenetic tool, do not allow for definitive conclusions. However, iden-
since there was no evidence for parallel integrations irfical patterns between CZECH II/Ei and MOLF/Ei are
the other analyzed B1-containing loci. As an example, &consistent with the close phylogenetic positioning of
contrast of sequences of the AC002121 locus betwen these strains by RFLP analysis of genomic DNA (Santos
hortulanus(this study) andl. musculugGenBank), spe- et al. 1993). The C57BL strain was shown to contain the
cies that diverged about 1-2 mya, reveals that (i) theY chromosome of Asian origin (Tucker et al. 1992),
direct repeats flanking the inserts are identical betweenvhich is the area inhabited bW. m. castaneugBon-
the species, (ii) the inserted B1 element is in the samédomme and Guenet 1996), although m. musculusn-
SINE subfamily, and (iii) the species share the same twdabits the more northern regions with areas of intermix-
variants that punctuate the A-tail. In each representativéng. Additionally, Santos et al. (1993) found tih& m.
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