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ABSTRACT 
Bkm sequences, originally isolated from snake satellite DNA, are a component of eukaryote genomes 

with a preferential location on sex chromosomes. In the Ephestia genome, owing to the presence of 
only a few Bkm-positive BamHI restriction fragments and to extensive restriction fragment length 
polymorphisms between and within inbred strains, a genetic crossbreeding analysis was feasible. No 
sex linkage of Bkm was detected. Instead-depending on the strain-two or three autosomal Bkm 
DNA loci were identified. All three loci were located on different chromosomes. Fragment length 
and transmission of fragments was stable in some crosses. In others, changes in fragment length or 
loss of the Bkm component were observed, probably depending on the source strain of the fragment. 
The anomalous genetic behaviour is best accounted for by the assumption that Bkm sequences are 
included in mobile genetic elements. 

HE Bkm (banded krait minor satellite) DNA T sequences were originally isolated from females 
of an Indian snake, the banded krait Bungarus fascia- 
tus (SINGH, PURDOM and JONES 1980). Crosshybridiz- 
ing “Bkm sequences” are found in various eukaryotes, 
from slime molds to man (ARNEMANN et al. 1986; 
SINGH, PHILLIPS and JONES 1984). 

Cloned Bkm-positive genomic fragments of Dro- 
sophila and mouse contain long clusters of the tetran- 
ucleotide GATA as a common component (SINGH, 
PHILLIPS and JONES 1984). Indeed, long stretches of 
GATA repeats alone gave similar hybridization pat- 
terns as did the original Bkm probe (SCHAFER, ALI 
and EPPLEN 1986; SINGH, PHILLIPS and JONES 1984). 
However, in situ hybridization of a short repeat, 
(GATA)4, did not (SCHAFER, ALI and EPPLEN 1986). 
In addition to the GATA repeats, clusters of GACA 
were found in a genomic clone of a female specific 
satellite DNA from another snake, Elaphe radiata, and 
in genomic and cDNA clones from Drosophila and 
mouse singled out by using the snake clone as a probe 
(EPPLEN et al. 1982; SCHAFER et al. 1986). 

Bkm sequences show a tendency to be concentrated 
on sex chromosomes and for that reason they are 
thought to be involved in the sex determining process 
(CHANDRA 1985) or in the allocyclic behavior and 
evolution of sex chromosomes (JONES 1984). In 
snakes, they are predominantly located on the W 
chromosomes (SINGH, PURDOM and JONES 1980). 
They occur on the X chromosomes of Drosophila 
melanogaster (SINGH, PURDOM and JONES 1981). In 
mice, a cluster of Bkm, sequences is found in the 
proximal region of the Y that is responsible for sex 
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determination. Close linkage to sex determination can 
be seen in XXS,, mice where sex reversal is regularly 
associated with an exchange of a Bkm cluster to the X 
chromosome (SINGH and JONES 1982). However, lo- 
cation on sex chromosomes is not exclusive: in all 
genomes studied, Bkm sequences occur also on auto- 
somes. 

Ephestia kuehniella is a moth species with a WZ-22 
sex chromosome mechanism (TRAUT, WEITH and 
TRAUT 1986). This paper shows Bkm sequences in 
Ephestia to be located only on autosomes. They form 
hypervariable DNA loci, the inheritance and mutation 
of which can be followed by genetic crossbreeding 
techniques. 

MATERIALS AND METHODS 

Ephestia strains: The animals used were reared in this 
laboratory. Strain L is a wild-type strain. Strains T(A;W), 
DAW), and the two lines GI and GI1 of F(A;W)ml+ are 
carrying structural mutants of the W chromosome (for de- 
scriptions, see TRAUT, WEITH and TRAUT 1986). Strains a, 
wa and ml carry genetic markers of the eye color and wing 
pattern, respectively (for descriptions, see CASPARI and 
GOTTLIEB 1975). All strains had been inbred for at least 8 
years, predominantly by brother-sister matings. The genetic 
marker strains which were originally obtained from A. EGEL- 
HAAF, Universitat Koln, had been inbred for more than two 
decades. Generation time in Ephestia is about 3 months. 
None of the strains had previously been selected for Bkm 
patterns. 

DNA extraction: For DNA from mass cultures, about 
100 female and male last instar larvae were collected, frozen 
in liquid nitrogen and stored at -70” until further process- 
ing. In the testcrosses for sex linkage ten larvae of each sex 
were used. Total animals were ground in liquid nitrogen, 
homogenized in a buffer containing 10 mM EDTA-Na2, 60 
mM NaCI, 0.15 mM Spermin, 0.15 mM Spermidin, 0.5% 
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(v/v) Triton X-100 and 10 mM Tris-HCI (pH 7.4). The 
suspension was centrifuged at 3000 rpm, 4", for 10 min 
and the pellet was resuspended in homogenization buffer; 
0.25 volume of DNA lysis buffer [0.2 M EDTA-Nan, 50 mM 
Tris-HCI (pH 9.0). 1 % (w/v) SDS, 0.5 mg/ml Proteinase K] 
was added. After 1 hr incubation at 37", 0.1 volume satu- 
rated Tris (pH 8.5) and 0.25 volume 5 M NaCIOl were 
added. The solution was extracted 1X with phenol and 3X 
with chloroform (chloroform isoamyl alcohol 24: 1). DNA 
was precipitated with 2.5 volumes ethanol. 

DNA was purified by RNase digestion (5 pg/ml RNase 
T1,5 pg/ml RNase A) in TE  buffer for 1 hr at 37 O ,  followed 
by Proteinase K digestion, chloroform extraction and pre- 
cipitation in ethanol. 

For extraction of DNA from single individuals, only testes 
or ovaries from adult moths were used. The procedure was 
adjusted to the small amount of tissue ( ~ 0 . 2  mg/testis). 
RNase digestion was omitted in order to save the yield of 
DNA. 

DNA restriction, gel electrophoresis and transfer: 
DNAs were digested with restriction endonuclease BamHI 
(Boehringer) for 1 hr at 37" at a ratio of roughly 10 U/pg 
DNA. Restriction products were submitted to electropho- 
resis on 1 % agarose gels at 1.5 V/cm. Transfer to nitrocel- 
lulose filters (BA85, Schleicher & Schuell) was carried out 
by blotting (SOUTHERN 1975). Lambda EcoRI fragments 
were used as a size reference. Sizes of Bkm-positive frag- 
ments were determined according to SOUTHERN (1 979). 

Probe labeling and hybridization: The probe was a 
Drosophila melanogaster genomic DNA fragment cloned in 
the EcoRI site of pACYC184 (CHANG and COHEN 1978). It 
was a 2.4-kb Bkm positive EcoRI fragment derived from 
Drosophila clone lambda CS3 16 (SINGH, PURDOM andJoNEs 
198 1). The probe was labeled by nick translation according 
to RICBY et al. (1977) using "PdCTP (NEN, specific activity 
~ 3 0 0 0  Ci/mmole). 

Genomic blots were pretreated for 2-6 hr in 5 X Den- 
hardt, 5 X SSC, 0.1% SDS at 68" (1 X Denhardt is 0.2% 
each of bovine serum albumin, Ficoll and polyvinylpyrroli- 
done; 1 X SSC is 0.15 M NaCI, 0.015 M sodium citrate, pH 
7). Hybridization was carried out at 68" for 16 hr in a 
solution of the same composition containing 1-10 X lo6 
cpm of the probe added. The hybridized blots were washed 
in 2 X SSC, 0.1 % SDS, at 68 O .  Dried blots were exposed to 
Kodak Xomat AR5 at -70" with intensifying screens for 
1 - 1 0 days. 

RESULTS 

Presence and hypervariability of Bkm-positive 
fragments: Mass cultures of four different inbred 
laboratory strains, L, ml, GI and GII, were used as 
DNA sources for BamHI digestion and Southern blot 
hybridization. Hybridization with the cloned Bkm 
probe revealed several Bkm-positive bands of between 
5- and 25-kb fragment length (Figure 1). The strains 
differed considerably with respect to fragment length 
composition. There was no general difference in frag- 
ment length, however, between males and females in 
any of the strains. Differences in band intensity were 
probably due to restriction fragment length polymor- 
phisms (RFLPs) within strains and to differences in 
sample composition. 

Such RFLPs both between and within strains be- 
came apparent when DNAs from single moths were 

size L ml GI GI1 
marker 
kb f m f m f n f m  - - 

* r b  
b 

mm 
2 1 . 2 - L  w 
1-- 

7.4 - 
5.8 - 
5.6 - 
4.9 - 
3.5 - 

U W  - Ef y s -  

FIGURE 1.-Variable patterns of Bkm positive bands in four 
inbred laboratory strains of Ephestia, L, ml, GI and GII. Southern 
hybridization of the cloned Bkm probe to BamHIdigested genomic 
DNA from mass cultures. Male (m) and female (f ) DNAs were run 
separately. 

DfM 1 T ( A M /  a 

f f m- m m f m f m - . .  - - -  
a.2 - 
7.4 - 
5.8 - 
FIGURE P.-Hypervariability of Bkm-positive BamHI fragments 

in individual moths, males (m) and females (f ), from five inbred 
laboratory strains, L, ml, Df(W), T(A;W) and a. 

subjected to Southern blot hybridization. Figure 2 
presents samples from five different strains. Although 
the strains had been inbred for at least 8 years (see 
"Materials and Methods") they showed considerable 
variation of Bkm fragment sizes. The  number of 
differently sized fragments varied between two and 
six (not shown). No Bkm-positive fragment was con- 
served throughout all strains. However, members of 
the same strain were more similar to one another than 
to members of a different strain. 

No sex-linked inheritance of Bkm-positive frag- 
ments: Reciprocal single pair crosses were made be- 
tween strains to test sex linkage of the Bkm DNA loci 
by crossbreeding. The  F, progenies were analyzed, 
males and females separately, by Southern blot hy- 
bridization with the cloned Bkm probe. Figure 3 
presents the results of crosses between strains L and 
GII. Both, maternal and paternal, fragments were 
transmitted to female and male offspring. None of the 
fragments was inherited as expected for a sex-linked 
DNA locus. The Bkm-positive fragments neither fol- 
lowed a maternal type of inheritance, characteristic 
for W-linked traits, nor a "criss-cross" type of inherit- 
ance, characteristic for 2-linked traits. This was also 
true for reciprocal crosses between strains L and 
Df(W) and between L and ml (not shown). 

The  variation seen between parallel crosses can be 
attributed to RFLP within parent strains. In one of 
the GI1 X L crosses (the last but one in Figure 3), 
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Size Lwl Lwl GIIxGII LxGII GIIXl GIIxL GIIxL 
mker 
kb f m f n f n f n f m f m f n  

2l.2 - 
7.4 - 
5.8 
5.6 
4.9 - 
3.5 - 

FIGURE %-Patterns of Bkm-positive BamHI fragments in 
progenies of single pair crosses between strains L and GII. DNA 
samples were isolated from gonads of ten females (f ) or males (m) 
each. 

size parents offswing 
in f m f m f n f m f m  

1 2 3 4 5 6 7 8  

25.1 
20.1 
16.' 

11.: 

9.1 
8.1 

5.1 

Size Parents Offsplng 
in m f f n f n f m f m f m f n f n f n  
ldl 1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  

B.0- 
12.7- 
10.6- 
9.0' 

f .' I 

Z C h O A A A A A A A A A A A A A A A A A A  
12.7 B B B B B B  B 
10.6 C C C C C C C C C C C C C C C C C 
9.0 D D  D D  D D D  D D D D  

FIGURE 4.--Segregation analysis of Bkm-positive BamHI frag- 
ments in a cross (LO X Df(W)i?)O X U. DNAs were isolated from 
single males (m) and females (f ). The female parent was heterozy- 
gous for B/D. 

however, the females had an additional faint band 
that the male sample did not have. It is not yet clear 
whether this was due to the small sample size and 
statistical sampling differences or whether in this spe- 
cific cross in contrast to the others there was a real 
difference between male and female offspring. 

Inheritance and mutation of Bkm-positive frag- 
ments: T o  take full advantage of RFLPs, DNAs from 
single animals, parents and the respective offspring, 
were used to study segregation of Bkm-positive frag- 
ments in crossbreeding experiments. A collection of 
single pair cultures was produced by crossing various 
inbred strains. In addition, FI hybrids were either 
backcrossed to one of the parent strains or outcrossed 
to a third strain. The  collection of single pair cultures 
was screened for informative crosses by analysis of the 
parents' DNAs. Segregation was analyzed in the off- 
spring of 11 crosses, five of which are presented here 
in detail. By segregation analysis, two Bkm DNA loci 
were regularly identified. In one strain, wa, a third 
Bkm locus was found. 

Figure 4 shows a (LO X Df(W)d)O X Ld backcross. 
For ease of presentation, each Bkm-positive band in 
an autoradiography and the fragment that produced 
it was labeled with a capital letter. The  same letters in 
different figures do not necessarily indicate homology 
of DNA fragments between different crosses. 

Fragments A and C of the male parent represent 

A 25.6 A 
20.4 B B B B B B B B B  
16.1 C C C C C 
11.3 D D D D D D 
9.1 E E E E E E E E E  
8.1 F F F 
5.8 G G G G G G G  

FIGURE 5.-Segregation analysis of Bkm positive BamHI frag- 
ments in a (GIIO X wad)!? X Ld cross. DNAs were isolated from 
single females (f ) and males (m). The female parent was heterozy- 
gous for A/D and F/G, and hemizygous for C. 

A A  

two Bkm DNA loci. A was not informative, because it 
occurred in both parents. C was homozygous with 
respect to restriction fragment alleles: all offspring 
received C. B and D of the female parent were trans- 
mitted each to a fraction of the offspring only. They 
were mutually exclusive. Six offspring received B, the 
remaining ten received D. Segregation of B/D was 
independent from the sex of the offspring. B and D 
thus were restriction fragment length alleles of a single 
autosomal DNA locus. Together with 15 additional 
offspring analyzed (not shown) segregation of B/D 
was 11:20, which is not significantly different (P > 
0.10) from the expected 1 : 1 ratio. 

Figure 5 represents a (GIIO X waS)O X Ld cross with 
a male parent homozygous for fragments B and E. 
A/D and F/G of the female parent characterize two 
different autosomal loci heterozygous for fragment 
length alleles. Segregation pattern of the A/D pair 
was independent from that of the F/G pair, and both 
were independent from the sex of the offspring. To- 
gether with 12 more offspring analyzed in an addi- 
tional blot (not shown) segregation was 9: 1 1 at the A/ 
D locus and 11:9 at the F/G locus. The  fragment 
which produced the faint band C was transmitted to 
four of the eight offspring, with no corresponding 
Bkm-positive fragment apparent either in the female 
parent or in those offspring that did not receive C. 
Segregation at the C/- locus was independent from 
that at the other two and from the sex of the offspring. 
C/- therefore represents a third autosomal locus 
which was hemizygous in the female parent. C could 
be retraced to the wa strain in which it regularly 
occurred (not shown). Since female meiosis is achias- 
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TABLE 1 TABLE 4 

Segregation analysis of Bkm-positive BamHI fragments in a 
(GI10 X wd) O X L6 cross 

Segregation analysis of Bkm-positive BamHI fragments in an 
mIO x L6 cross 

Size in 
kb 

24.1 
19.6 
15.1 
14.8 
9.0 
7.9 
5.7 

Parents Offspring 
New - 
frag- f m f m f f m f f f  
ment f m 1 2  3 4 5 6 7 8 9 10 

Parents Offspring 
New - 

Size in frag- f m f f m f m m m  
kb ments f m 1 2  3 4 5 6 7 8 9 

A A A A A A A A  A 
B B B B B B B B B B B  

C C 
D D 

E E E E E E E E E E E  
F F F F  F F  F 
G G G G  G 

Ten female ( f )  or male (m) offspring were analyzed. The female 
parent was heterozygous for A/D and F/G. C was a mutant frag- 
ment derived from A/D. 

Size Nen parents Offsuing 
I n b a r d s f m f m f m f m f m f f  
la 1 2  3 4 5 . 6  7 _ A 9 1 0  

.- lu*- 

22.9 A A A  A 
P.1 B B B B B B B B B B B  
17.7 C C 
10.9 D D D  D D 
9.3 E E 
8.9 F F F F F F F  
8.5 G G 
8.1 H H H H H  
7.5 J J 
7.1 K K K  K K  
6.9 L L 

FIGURE 6.--Segregation analysis of Bkm-positive BamHI frag- 
ments in an LO X mld cross. DNAs were isolated from single females 
(f ) and males (m). The female parent was heterozygous for F/H. 
The male parent was heterozygous for both Bkm DNA loci, allelic 
pairs were alternatively A/G and D/K or A/K and D/G. C, E, J and 
L were mutant fragments. 

matic in Ephestia (TRAUT 1977) it can be concluded 
that the three loci are located on three different 
autosomes. 

Another (GI19 X wac3)9 X Ld cross was analyzed in 
Table 1. The  male parent was homozygous for B and 
E. The female parent was heterozygous for A/D and 
for F/G. In offspring #9 a new band, C, appeared, 
indicating a fragment length that was not present in 
either parent. As can be deduced from the segregation 
pattern the mutant fragment C was derived either 
from fragment A or from fragment D of the female 
parent. 

More mutant fragments appeared in a LO X mlc3 
cross shown in Figure 6. The  female parent was homo- 
zygous for B and heterozygous for the second DNA 
locus F/H. The  male parent was heterozygous for 
both loci. Allelic pairs of fragments could be either 

25.1 A A A A? 
21.0 B B B B B B B B B B  
16.9 C C 
13.9 D D 
11.4 E E E E  
10.4 F F 
10.1 G G G G  
9.8 H H H 
9.3 1 1 1 1 1 1 1 1 1 1  
8.9 J 
8.7 K 
6.9 L 

J 
K 

L 
Nine female (f) and male (m) offspring were analyzed. The 

female parent was heterozygous for both loci with alternatively A/ 
E and G/H or A/H and G/E allelic pairs. The mutant fragments C, 
D, F, J, K and L replace missing maternal fragments. 

A/G and D/K or alternatively A/K and D/G. Pairwise 
classing of the four parental fragments was ambiguous 
because only two of the ten offspring, #3 and #7, 
received fragments of the original length from both 
loci. In eight of the ten offspring one parental frag- 
ment was missing. In four of these a mutant fragment 
appeared instead, each of a different length: C in #1, 
J in #5, L in #9, and E in #lo.  In the four others, #2, 
#4, #6, and #8, the missing fragment was not replaced 
by a “new” one. These animals displayed only three 
Bkm-positive bands between ~ 5 0 0  bp and the start 
instead of the expected four bands. The unstable 
paternal Bkm fragments were derived from both loci, 
notwithstanding the two possible ways of pairwise 
classing of the fragments. 

Among the nine offspring of an m19 X Ld cross 
(Table 2) which was reciprocal to the preceding one, 
six “new” fragments appeared replacing original ma- 
ternal fragments. One maternal fragment was lost 
without replacement in #7. In offspring #6 both ma- 
ternal Bkm loci gave rise to mutant fragments (F, J). 
The  size of the mutant fragments were either greater 
(D, C) or smaller U, K, L) than the fragments from 
which they had originated. Other than in the preced- 
ing brood the maternal Bkm loci were unstable in this 
one. However, the source strain of the unstable frag- 
ments was ml, the same as in the preceding brood, 
indicating that instability of the fragments is somehow 
connected with the source of the fragments. 

DISCUSSION 

Putative functions of Bkm: In the species previ- 
ously studied, Bkm sequences are spread over the 
chromosome complement with prominent clusters lo- 
cated on one of the sex chromosomes (see Introduc- 
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tion). This is also true for insects as shown for Dro- 
sophila (SINGH, PURDON and JONES 198 1) and for the 
phorid fly Megaselia scalaris (W. TRAUT, unpublished 
data). Ephestia, however, is different. Although the 
sex chromosomes of the WZ type are differentiated 
genetically and cytologically (TRAUT, WEITH and 
TRAUT 1986), Bkm crosshybridizing sequences are 
present only on autosomes. Thus, a direct relationship 
of Bkm sequences or of closely linked loci with sex 
determination is not apparent. A relationship with 
female determining factors cannot be ruled out 
though, because a balance type of sex determination 
analogous to that of Drosophila (BRIDGES 1922) may 
be present in Ephestia with factors promoting male 
development on the 2 chromosomes and those pro- 
moting female development located on autosomes. A 
similar relationship of an autosomal Bkm location and 
sex determining factors was proposed for mice, when 
Bkm sequences were found to have a relative concen- 
tration on chromosome 17 approximately in a region 
where deletions cause hermaphroditism (KIEL-METZ- 

In snakes, close correlation suggests causal relation- 
ship between sex chromosome differentiation, allo- 
cyclic behavior and Bkm concentration on W chro- 
mosomes (SINGH, PURDOM andJoNEs 1980). No such 
relationship can be established in Ephestia. The W 
chromosome of Ephestia, though devoid of Bkm se- 
quences, is allocyclic in somatic tissues (TRAUT and 
SCHOLZ 1978). A general cis-acting function of Bkm 
in chromosome condensation can also be excluded, 
since Ephestia has a haploid chromosome number of 
30 (WAGNER 1931) and the maximum number of 
Bkm-carrying chromosomes is three. 

An accumulation of Bkm sequences on sex chro- 
mosomes is not necessarily an indication for sex-chro- 
mosome-related functions. This is exemplified by the 
accumulation of retroviral sequences on the mouse Y 
chromosome (PHILLIPS et al. 1982). However, the 
assumption that Bkm sequences are nonfunctional is 
scarcely plausible: The long evolutionary conservation 
of Bkm calls for a function. LEVINSON et al. (1985) 
have adopted a different view. They propose an in- 
dependent origin of the GATA repeats that define 
Bkm DNA, in Drosophila and the mouse. 

The search for a gene product has not yet given a 
conclusive result. Significant open reading frames 
were found in cloned genomic Bkm sequences, all of 
them in the 5’GATAS’ strand; the complementary 
5’TATCS’ strand contains repeated stop codons 
(EPPLEN et al. 1982; SINGH, PHILLIPS andJoNEs 1984). 
In accordance with this finding Bkm probes recog- 
nized poly(A)+RNAs and cDNA clones from various 
mouse tissues (EPPLEN et al. 1982; SINGH, PHILLIPS 
andJONEs 1984; SCHAFER et al. 1986). Most of them 
represented transcripts common to both sexes, but 
male-specific liver RNAs were found too (EPPLEN et 
al. 1982; SINGH, PHILLIPS and JONES 1984). Repeats 

GER et al. 1984). 

of the quadruplet GATA produce a hydrophobic 
repeated sequence of the four aminoacids Ser-Ile-Tyr- 
Leu after transcription and translation. It is not yet 
known, however, whether the RNAs are indeed trans- 
lated. 

Origin of RFLP: The  DNA loci of Ephestia that 
were detected by hybridization with the Bkm probe 
are unusual in two respects: (1) They are extremely 
polymorphic. Changes of restriction fragment length 
appeared at a high rate in the offspring of some crosses 
while length was stable in others. This probably de- 
pended on the source of the fragments. (2) Homolo- 
gous loci can be “empty” of Bkm crosshybridizing 
components. 

Polymorphism of Bkm bands was also found in 
human DNA samples (SINGH and JONES 1986). How- 
ever, since many more Bkm-positive bands were pres- 
ent in human DNA and pedigree analyses have not 
been done, the extent of similarity in behavior be- 
tween human and Ephestia Bkm loci cannot be de- 
duced. 

The molecular mechanism which causes hypervari- 
ability of Bkm loci is not yet clear. Restriction site 
mutation may be a cause for some variability between 
strains, but it cannot be a major source of Bkm RFLP 
for two reasons: (1) The  rate in the L X ml crosses 
was much too high: it was 8/10 and 7/9 (Figure 6 and 
Table 2) for disappearance or change of a fragment 
at the two loci, or roughly 4/10 for each locus. (2) 
With restriction site mutation, a fragment changes its 
length, it should not disappear or lose its Bkm-positive 
component as some of the Bkm-positive fragments 
did. 

Unequal exchange between homologues or be- 
tween sister chromatids, either in mitosis or in meiosis, 
may be another source of variability. It is thought to 
be enhanced in stretches of repetitive DNA because 
the strands find matching sequences at multiple sites 
( JEFFREYS, WILSON and THEIN 1985; TARTOF 1974). 
For Bkm, such repetitive sequences could be unknown 
flanking sequences or the GATA multimeres them- 
selves. The  result would indeed be either increase or 
reduction of length in the fragment delimited by the 
BamHI sites or even loss of the Bkm crosshybridizing 
component. The  frequency of 4/10, however, was 
very high even for a recombination hot spot. This 
rate approaches that of an obligatory crossover pos- 
tulated for the exchange of sequences near the ends 
of the short arms of human X and Y chromosomes 
(COOKE, BROWN and RAPPOLD 1985; SIMMLER et al. 
1985). Conventional crossover can certainly be ex- 
cluded as the mechanism generating RFLPs in BKM 
loci since Ephestia has an achiasmatic female meiosis 
whereas RFLPs are generated in the gametogenesis 
of both sexes. KOMINAMI et al. (1985) described 
meiotic loss of a mouse repetitive sequence family, 
PRl , at similar rates. They suggested intrachromoso- 
mal recombination between tandem repeats and re- 

D
ow

nloaded from
 https://academ

ic.oup.com
/genetics/article/115/3/493/5997269 by guest on 25 M

ay 2023



498 W. Traut 

combinational excision as the possible cause. This 
mechanism would lead to smaller fragments and to 
loss of components but not to the generation of larger 
fragments besides smaller ones as observed in Ephes- 
tia 

Transposition of mobile elements is an alternative 
interpretation for the origin of the RFLPs. Inverted 
repeats found in the sequences of Bkm-positive cDNA 
clones from mouse EL4 cells and from mouse liver 
(SCHAFER et al. 1986) support this interpretation. The 
presence of ‘empty’ sites like those for Bkm in Ephes- 
tia is a general property of transposable elements. The 
high rate of restriction fragment size changes or loss 
of Bkm-positive material in some hybrids and the 
stability of fragments in others are reminiscent of the 
bursts of transposition. Such bursts are known from 
the P-M and I-R systems of hybrid dysgenesis in Dro- 
sophila (for a review see BRECLIANO and KIDWELL 
1983) but can occur in other transposable elements as 
well (GERASIMOVA, MIZROKHI and GEORGIEV 1984). 
However, unlike transposable elements in other or- 
ganisms, the putative transposable Bkm elements of 
Ephestia are concentrated on two or three autosome 
pairs, at least in those strains investigated so far. 

I thank Dr. K. W. JONES, Edinburgh, for supplying the cloned 
Bkm probe. The  skilled technical assistance of Mrs. S. KINDT and 
of Mrs. B. WOLLERT is gratefully acknowledged. 
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