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Summary. Previous experiments have revealed that the 
maize transposable element Activator (Ac) may become 
active during tissue culture. The objective of the present 
study was to determine whether a second transposable 
element, Suppressor-mutator (Spm), could also be acti- 
vated in tissue culture and detected in regenerated maize 
plants. Approximately 500 R 1 progeny of 143 regenerat- 
ed plants (derived from 49 embryo cell lines) were crossed 
as males onto an Spin-responsive tester stock. Spm activ- 
ity was observed in two R 1 progeny of a single regenerat- 
ed plant. This plant had been regenerated from Type II 
(friable embryogenic) callus of an A188 x B73 genetic 
background after 8 months in culture; the absence of 
Sun  activity in four other plants regenerated from this 
same callus demonstrates that Spin activity was not pres- 
ent before culturing. Approximately 20 ,Spin-ho- 
mologous DNA sequences were detected in each of the 
inbreds used to initiate the tissue cultures; it is presumed 
that one of these became active to give rise to Spm activ- 
ity. 

Key words: Somaclonal variation - Transposable ele- 
ments Suppressor-mutator (Spin) -Enhancer (En) - 
Zea mays L. 

Introduction 

The various genetic and cytological alterations produced 
by plant tissue culture [collectively termed "somaclonal 
variation" (Larkin and Seowcroft 1981)] have been de- 
scribed in numerous reports to date. In regenerated 
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plants of a single species (Zea mays L.), one can detect 
morphological and biochemical mutants controlled by 
single loci (Edallo etal. 1981; Benzion 1984; Lee and 
Phillips 1987b; Armstrong and Phillips 1988; Brettell 
et al. 1986; Dennis et al. 1987), quantitative trait varia- 
tion (Lee et al. 1988; Zehr et al. 1987), and mitochondrial 
mutants (Brettell et al. 1980; Umbeck and Gengenbach 
1983). Changes in chromosome structure, usually involv- 
ing chromosome breakage, have been detected at a high 
frequency (Rhodes et al. 1986; Lee and Phillips 1987a; 
Armstrong and Phillips 1988; Benzion and Phillips 1988). 
At the DNA level, point mutations (Brettell et al. 1986; 
Dennis et al. 1987) and methylation changes (Brown and 
Lorz 1986; Brown 1989; Phillips et al. 1990) have been 
reported. 

Despite the abundance of information on the effects 
of tissue culture, very little is understood about the mech- 
anisms involved in producing this variability. For exam- 
ple, researchers who have looked for direct relationships 
between chromosomal abnormalities and morphological 
mutants have been unable to establish a clear association 
between the two (Benzion 1984; Lee and Phillips 1987b; 
Armstrong and Phillips 1988). While it is likely that a 
number of mechanisms are involved in producing so- 
maclonal variation, one or a few basic processes may still 
be responsible for initiating "chains of events" that even- 
tually lead to the various outcomes which have been 
observed. 

Several authors (Larkin and Seowcroft 1981; Burr 
and Burr 1981) have suggested that the tisue culture envi- 
ronment may cause the release or activation of previous- 
ly silent transposable elements, which would then be cap- 
able of producing genetic and cytological change in the 
cultures and in regenerated plants. McClintock (1950) 
first observed newly active transposable elements in the 
progeny of maize plants that had undergone a cycle of 
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chromosome breakage,  joining, and rebreakage.  She pro-  
posed (1978, 1984) that  the presence of  a b roken  chromo-  
some within a cell causes a "genomic stress", to which the 
cell may  respond by activating t ransposable  elements. 
A variety of  experiments with chromosome-breaking  
maize stocks (Doerschug 1973; Rhoades  and Dempsey 
1982) and i r radia t ion  (Peterson 1953; Neuffer 1966; Bi- 
anchi et al. 1969; Walbot  1988) have all p roduced  trans- 
posable element activation. The high frequency of  chro- 
mosome breakage observed in regenerated maize plants  
(Rhodes et al. 1986; Lee and Phillips 1987a; Armst rong  
and Phillips 1988; Benzion and Phillips 1988) indicated 
that  t ransposable  elements were likely to become active 
in such plants  as well. 

We have repor ted  that  the maize t ransposable  ele- 
ment  Activator (Ac) (McClintock 1950) could be detect- 
ed in 2 - 3 %  of  the regenerated plants  tested, even though 
no Ac activity had been present in the materials  before 
tissue culture (Peschke et al. 1987). In at least one case, 
this activity is correlated with the presence of  an Ac-ho- 
mologous  D N A  sequence (Peschke et al., in press). The 
objective of  the present  study was to determine whether 
a second maize t ransposable  element, Suppressor-muta- 
tor/Enhancer (Spm/En), could also become active during 
the tissue culture process. The Spm/En element is an 
au tonomous  (self-transposing) element, discovered and 
named independent ly  by Peterson (En; 1953) and Mc- 
Clintock (Spm; 1954). En and Spm were found to be 
genetically equivalent (Peterson 1965) and to differ at the 
D N A  level by only a few base changes (Pereira et al. 
1986; Masson  et al. 1987). Several recent reviews of  the 
Spm/En t ransposable  element system are available (e.g., 
Fedo ro f f  1989; Gierl  and Saedler 1989). 

The abili ty to "act ivate"  t ransposable  elements by 
chromosome breakage and other mechanisms implies 
that  these elements are present in the genome in an in- 
active form. D N A  sequences homologous  to the Ac 
(Fedorof f  et al. 1983), Spin (Cone et al. 1986), Mutator 
(Chandler  et al. 1988), and Bsl (Johns et al. 1985) ele- 
ments have been found in every line examined by the 
respective investigators,  despite the lack of  t ransposable  
element activity in those lines. A second objective of  the 
present  s tudy was to examine whether Spin-homologous 
D N A  sequences were present  in noncul tured control  ma- 
terials. 

Materials and methods 

Source of regenerated plant materials 

First-generation progeny of regenerated plants (designated gen- 
eration R1) were obtained from previous studies (Lee and 
Phillips 1987 a, b; Armstrong and Phillips 1988). As indicated in 
Table t, the materials were derived from Oh43, A188, and B73 
genetic backgrounds, and from both Type I (organogenic) and 
Type II (friable embryogenic) callus. Cultures had been initiated 
using immature embryos 1 - 2 m m  in length as the explant 

Table 1. Sources of regenerated plants tested for Spm activity 

Culture Inbred No. No. re- 
type back- embryo generated 

ground cell lines plants 

C.L. Armstrong I, II B73, A188 30 55 
M. Lee I Oh43 • A188 19 88 

Total 49 143 

source, and plants were regenerated 4-22 months after culture 
initiation. Many of the regenerants and their progeny were ex- 
amined cytologically and genetically by the initial investigators. 
Most of these materials were also tested for Ac activity (Peschke 
et al. 1987). 

Spm-responsive tester lines 

The e-re(r) allele, obtained fi'om P. Peterson (lowa State Uni- 
versity, Ames), was used to test for Spin activity. This allele was 
produced by the insertion of a nonautonomous, Spm-respond- 
ing element (called dSpm) into an otherwise functional C allele. 
In the absence of Spm activity, e-m (r) behaves as a stable reces- 
sive allele and results in a colorless aleurone. As diagrammed in 
Fig. 1, testcrosses of plants without Spm activity will produce 
colorless kernels with aleurone genotype c-m(r)/e-m(r)/c. The 
aleurone tissue obtains two copies of each chromosome fi-om the 
female parent and one from the male; hence, a triploid genetic 
constitution is indicated. If Spm activity is present in the plant 
being tested, the dSpm can transpose out of the C locus, restor- 
ing gene function; the phenotype thus produced is a colorless 
background with colored spots. 

Four to six R 1 progeny from each regenerated plant were 
crossed onto the e-m(r) tester stock. These same plants were 
also selfed to provide progeny seed for further testing. In 1987, 
approximately 500 scorable testcross ears were harvested and 
scanned with a hand-held lens. Families that gave evidence of 
Spm activity were retested in 1988 using the c-re(r) tester. 

A second Spin-responsive allele, brittle-mutable (bt-m), was 
used as an additional test of Spin activity (Phillips et al. 1986). 
This allele contains an insertion of a defective Spm element into 
the Brittle locus, necessary for normal endosperm constitution 
and texture. This test is described in Fig. 2. Since the plants 
being tested contained the wild-type allele (Bt), the testcrosses 
(Bt/bt-m) were selfed to produce homozygous bt-m progeny 
kernels in which the presence or absence of Spm activity would 
be visible. Kernels homozygous for bt-m but without Spm activ- 
ity are collapsed in appearance, as is characteristic of stable bt 
alleles. In the presence of Spm activity, the dSpm element will 
occasionally transpose, restoring the normal endosperm texture 
in small sections of the kernel. The resulting mosaic of normal 
(Bt) and brittle tissue gives the endosperm a blistered appear- 
ance (Phillips et al. 1986). 

DNA analysis 

Three inbreds (B73, Oh43 msl3, and A188) that were used to 
initiate the majority of tissue cultures represented in this study 
were tested for Spm-homologous DNA sequences, using a clone 
of dSpm-13 (Fedoroff et al. 1984) provided by T. Sullivan (Uni- 
versity of Wisconsin-Madison). A 454-bp DraI fragment, which 
includes a complete Spm exon as well as surrounding intron 
sequences, was isolated from the vector by cleavage with DraI 
(BRL), electrophoresis, and isolation from the agarose via re- 
peated freezing and thawing. The probe was labelled by the 
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c-m(r) test for Spm activity 

No Spm With Spm 

I c Iol~,',~S~:~:i'.lcus I I c locus I 
Fig. l .  Schematic drawing of the testcross for Spm activity using 
c-re(r). In the absence of Spm, kernels are colorless due to inser- 
tion of a defective Sun in the C locus (left). When Spm activity 
is present, the dSpm element will occasionally transpose, restor- 
ing color in small sectors of the aleurone (right) 

bt-m test for Spm activity 

Tester line X Tissue culture- 
derived plant 

bt-m/bt-m/bt-m ~ Bt/Bt/Bt 
Collapsed Spm/Spm/Spm 
kernels Plump kernels 

bt-m/bt-m/Bt 
+/+/Spm 

Plump kernels 

3/4 BI/- / - f All plump 
I b  

3/4 Spin/-/- (Blistered) 
1/4 bt-m/bt-m/bt-m 1/4 +/+/+ (Collapsed) 

Fig. 2. Illustration of the testcross for Spin activity using bt-m. 
The plant being tested in this example is predicted to be ho- 
mozygous for Sprn activity based on the previous results of a 
c-m(r) test. Two generations of crosses are necessary since the 
plants being tested carry a wild-type (Bt) allele. Triploid en- 
dosperm genotypes are indicated along with the corresponding 
phenotypes 

"random primer" method of Feinberg and Vogelstein (1983). 
Approximately t00 ng of isolated insert was labelled to a specific 
activity of 1 x 10 9 cpm in an 8-h reaction. 

Total DNA was isolated from individual seedlings approxi- 
mately 3 weeks after planting (Shure et al. 1983). The restriction 
enzyme Sstl was obtained from Bethesda Research Laboratories 
and used in accordance with their recommendations. Overnight 
digests were electrophoresed in 0.6% agarose in t x TBE buffer. 
After electrophoresis, the gel was soaked with agitation in 
0.25 N HC1 for ca. 30 min, rinsed with water, and blotted onto 
Zetabind (AMF Products) nylon membrane for 18-24 h using 
0.4 M NaOH (Reed and Mann 1985). Southern hybridization 
was done as described by Benner et al. (1989). Filters were hy- 
bridized at 65~ for 18 -24h  with constant agitation. After 
hybridization, filters were rinsed twice using 2 x SCP, 1% SDS, 
for 20 min at 65 ~ followed by a final rinse (0.2 x SCP, 1% 
SDS) for 45 min at 65 ~ Blots were exposed to X-Omat X-ray 
film, using one Lightning Plus intensifying screen, at --70 ~ for 
10 days. 

Fig. 3. A homozygous c-re(r) tester kernel without Spm activity 
(left). In the absence of Spm activity the c-m(r) allele behaves as 
a stable recessive gene. A positive testcross for tissue-culture- 
derived Spm activity (right). The colored spots represent trans- 
position of a defective Spm element out of the C locus, restoring 
its function in small sectors 

Table 2. Testcrosses of plants regenerated from cell line that 
produced Spm activity 

Regenerated Progeny tests Culture Months 
plant a type in culture 

Positive: Negative 

283 (1) 2:2 II 8 
283 (2) Triplet 1 0:3 II 8 
283 (3) 0 : 7 II 8 
283 (4) Twin 2 0 : i 1 II 8 
219 (4) 0:4 I 8 

" The notations "twin" and "triplet" indicate that the regener- 
ated plant was one of a set (of two or three, respectively) which 
regenerated from the same small piece of callus and was difficult 
to separate. This distinction does not bear on the present study, 
but the notation is included to be consistent with that of Arm- 
strong (1986) 

Results 

Spm activity in progeny of regenerated plants 

Approx ima te ly  500 R 1 p rogeny  of  143 regenerated plants  
were crossed as males on to  the c-m(r) tester stock. The 
regenerated p lants  were derived f rom 49 embryo  cell 
lines, which are described in Table 1. Based on  the first 
set of  testcrosses, Spm activity was observed in  two R1 
p rogeny  of  a single regenerated p lan t  [designated 283(1); 
A r m s t r o n g  and  Phillips 1988]. This p lan t  had  been regen- 
erated f rom Type II  (friable embryogenic)  callus of  an  
A188 x B73 genetic b a c k g r o u n d  after approx imate ly  8 
m o n t h s  in culture.  Tests of  two other  R 1 p rogeny  p lants  
were negative,  ind ica t ing  that  p lan t  283(1) was het- 
erozygous for Sprn activity. A posit ive testcross is pic- 
tured  in Fig. 3. 

Twenty-five tests of  four  other  regenerated p lants  
f rom the same embryo  cell line were negat ive for Spm 
activity (Table 2), p rov id ing  evidence that  Sprn activity 
was no t  present  in  the or iginal  mater ia ls  before cul tur ing.  
Thi r teen  tests o f  the inbreds  A188 and  B73 were also 



Fig. 4A-C. Kernels from a single ear produced by the test dia- 
grammed in Fig. 2. A A plump (Bt- -) kernel, which may or may 
not contain Spin activity; B A collapsed (bt-m/bt-m/bt-m) kernel 
without Spin activity; C a blistered-appearing kernel, indicating 
the presence of Spin activity (genotype bt-m/bt-m/bt-m; Spin- -). 
The endosperm tissue of this kernel is a mosaic of normal (Bt) 
and brittle tissue 

iiiiiii!!!ii~ii 

Fig. 5. Analysis of noncultured control materials with the 454- 
bp DraI fragment from Spin, The DNA was cut with SstI, which 
has no sites within the probe sequence, so the number of bands 
should approximate the number of Spin-homologous sequences 
in the genome 

negative for Spm activity. Control kernels (from the same 
ear as the original embryo) were planted but did not 
germinate. 

A number of plants homozygous for tissue-culture- 
derived Spm activity (based on the c-m(r) testcrosses) 
were crossed onto plants containing the bt-m allele; the 
progeny were then selfed to produce homozygous bt-m 
kernels (Fig. 2). As predicted, approximately three- 
fourths of the homozygous bt-m kernels had the blistered 
endosperm phenotype characteristic of the interaction of 
bt-m and an active Spm element (Fig. 4). 
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Tests for Spin-homologous sequences 

DNA from the inbreds A188, Oh43 msl3, and B73 was 
cleaved with SstI and examined for Spm-homologous 
sequences using the 454-bp DraI  probe. SstI does not cut 
within the portion of Spm covered by the probe, so the 
number of bands detected on a Southern blot should 
approximate the number of homologous sequences in the 
genome. About 20 hybridizing bands could be counted in 
each lane, although more may be hidden behind other 
bands (Fig. 5). It is presumed that at least some of these 
bands represent sequences with structure capable of be- 
ing "activated" to give Spm activity. 

Discussion 

This report describes the finding that the Spm transpos- 
able element, like Ac, may become active during the tis- 
sue culture process. Several other researchers have also 
obtained evidence for activation of transposable ele- 
ments in tissue culture. Evola et al. (1984, 1985) have 
reported the activation of the elements Ac and Spm in 
tissue-culture-derived maize plants. Culley (1986 and 
personal communication) has obtained phenotypic and 
molecular evidence for the activation of Ac in maize 
endosperm cultures initiated from materials containing 
the Ac-responsive aleurone color allele c-m2, but without 
active Ac elements. An unstable flower color allele pro- 
duced by tissue culture of alfalfa (Medicago sativa L.) 
appears to be due to the presence of an autonomous 
transposable element in the C2 locus (Groose and Bing- 
ham 1986). Its frequency of reversion (from white to 
purple color) is at least 20 times greater in vitro than in 
planta (Bingham et al. 1988). 

How transposable elements may cause somaclonal 
variants 

As discussed previously, it has been suggested that trans- 
posable elements might be responsible for some of the 
mutants observed in plants regenerated from tissue cul- 
ture. Active Mutator elements put into tissue culture wilt 
transpose in vitro (James and Stadler 1989; Planckaert 
and Walbot 1989), which implies that such elements 
would be capable of causing mutations and rearrange- 
ments. However, there is no apparent association be- 
tween the transposable element activity we have observed 
(Peschke et al. 1987; this report) and the mutant occur- 
rence and cytological variation detected by the initial 
investigators (Lee and Phillips 1987 a, b; Armstrong and 
Phillips 1988). Mutant alleles produced by a transposable 
element insertion are often characterized by instability; 
however, few unstable tissue-culture-derived mutants 
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have been recorded in the literature. The mutable alfalfa 
allele described above (Groose and Bingham 1986; Bing- 
ham et al. 1988) is one notable case of such a variant. An 
unstable maize cob color allele has also been reported 
(Woodman and Kramer 1986). 

Though instability is often considered to be a hall- 
mark of transposable element activity, genetically stable 
mutants are often produced by transposable elements. 
For example, mutants caused by the insertion of a non- 
autonomous transposable element (e.g., Ds, dSpm) are 
stable in the absence of their corresponding autonomous 
element. At the DNA level, these events would be appar- 
ent as insertions of up to several kilobases in length. 
More subtle changes are often effected when a transpos- 
able element enters and then excises from a locus. Most 
plant transposable elements create a small duplication in 
the host DNA at their site of insertion (the "footprint"), 
which is sometimes, but not always, repaired upon exci- 
sion of the element (Sachs et al. 1983; Saedler and Nevers 
1985; Chen et al. 1986). The genetic effects of these se- 
quence alterations depend on their extent and location in 
the gene. While some footprints apparently do not inter- 
fere with full gene expression (Sachs et al. 1983; Dooner 
1980), a number of stable null (Dooner and Nelson 1977) 
and functional but altered (Dooner and Nelson 1977, 
1979; Echt and Schwartz 1981; Chen et al. 1986) genes 
have been produced by transposable element excision. 
Some transposable element insertions have produced 
large deletions in the adjacent host DNA, permanently 
inactivating the gene into which they have inserted (Pea- 
cock et al. 1984; Taylor and Walbot 1985; Dooner et al. 
1988). Certain Ds elements have long been recognized to 
break chromosomes (McClintock 1951 a); more recently, 
Mu-induced chromosome breakage has been reported 
(Robertson and Stinard 1987). 

Nevertheless, the few tissue-culture-derived variants 
at specific loci that have been studied at the DNA level 
are not obvious results of a transposable element inser- 
tion. In two studies involving variants at the maize AdhI 
locus, single-base changes have been detected (Brettell 
et al. 1986; Dennis et al. 1987). Evola et al. (1985) exam- 
ined five tissue-culture-derived mutants at the shrunken 
locus using restriction mapping; these mutations appar- 
ently occurred late in regeneration because only single 
pollen grains carried the mutant alleles. Four mutants 
did not differ from the progenitor allele, while a fifth 
contained a 50-bp deletion within the transcription unit. 
Additional such studies would possibly reveal transpos- 
able element insertions if they are occurring, as well as 
other types of rearrangements and mutations. However, 
as noted above, some transposable element-mediated ge- 
netic or chromosomal changes might be unusual enough 
not to be recognized as such, even at the DNA level. 

Mechanisms for activation of transposable elements 

Although it is not clear what role tissue-culture-derived 
transposable elements play in generating genetic variabil- 
ity in regenerated plants, the elements themselves may be 
regarded as genes that have been altered in a significant 
way by the tissue culture process. It is probable that the 
mechanism(s) responsible for their activation in tissue 
culture are similar to changes affecting other loci and 
chromosome regions as well. The two major hypotheses 
regarding the activation of transposable elements involve 
(1) chromosome breakage and (2) changes in methyla- 
tion. 

Chromosome breakage per se may allow transpos- 
able elements to become active by "freeing" them from 
surrounding heterochromatin. This phenomenon, 
known as "position effect," has been documented for 
Oenothera (Catcheside 1939) and Drosophila (Sturtevant 
1925). Stadler (1941) found no evidence for position ef- 
fect in maize, based on his studies of translocation stocks. 
However, McClintock's early studies of the break-fu- 
sion-bridge cycle demonstrated that most rearrange- 
ments initiated by the cycle involved the nucleolus orga- 
nizer region (NOR), knobs, and/or centromeres, all of 
which are heterochromatic regions (McClintock 1951 a, 
1978). It is not known whether the same frequency of 
transposable element activation would have occurred 
had the rearrangements involved only euchromatin. 

The role of DNA methylation in the activation of 
transposable elements has been the subject of intense 
study in recent years. Many researchers have observed 
correlations between transposable element activity and 
hypomethylation at specific sites within the elements 
(Schwartz and Dennis 1986; Chandler and Walbot 1986; 
Chomet et al. 1987; Bennetzen 1987, Banks et al. 1988; 
Schwartz 1989; Dennis and Brettell 1990). Ac elements 
activated in tissue culture are often highly unmethylated 
at internal PvuII and HpaII sites, while Ac-homologous 
sequences in sibling plants without Ac activity are highly 
methylated (Peschke et al., in press). A few reports on 
other plant genetic systems also correlate hypomethyla- 
tion with gene activity (Hepburn et al. 1983; Bianchi and 
Viotti 1988), although cases where no apparent correla- 
tion exists can also be found (Nick et al. 1986). 

It should be noted that chromosome breakage and 
methylation changes are not necessarily independent 
events. For example, chromosome breakage events could 
cause perturbations in the normal methylation pattern of 
a gene. Methylation is a signal for DNA mismatch repair 
(Hare and Taylor 1985), and chromosome breakage can 
lead to hypo- or hypermethylation (Grafstrom et al. 
1984). Possibly the transient hypomethylation associated 
with newly repaired DNA regions can cause the activa- 
tion of a transposable element, especially if the DNA 
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methyltransferase does not "keep up"  with repair and if 
hemimethylated D N A  is replicated (Walbot 1988). 

A third hypothesis (Burr and Burr 1988) is that trans- 
posable elements are activated through point mutations 
produced by an "SOS-type" response similar to that ob- 
served in bacteria. As a first step in examining this mech- 
anism, Burr and Burr (1988) tested whether maize trans- 
posable elements could be activated via point mutations 
produced by low doses o f  ethyl methanesulfonate (EMS). 
Spin activation was observed at a frequency 10 x over 
background in plants from EMS-treated seeds. In addi- 
tion, the events occurred later in development after the 
EMS treatment had been applied, indicating that activa- 
tion had occurred several cell generations after treat- 
ment. This type of  delayed reaction would be consistent 
with an SOS-type response (Burr and Burr 1988). 

Frequency of  transposable element activation 
in tissue culture 

The finding that Spm as well as Ac activity can be detect- 
ed in our materials indicates that activation of  transpos- 
able elements in tissue culture may be a common event. 
While each of  these two elements has been detected in 
only a small percentage of  the plants tested, at least 12 
other transposable element systems have been identified 
in maize (Peterson 1986). Given that some of  these others 
are known to be "activated" by stresses such as chromo- 
some breakage or viral infection (Johns et al. 1985; Doer- 
schug 1973; McClintock 1951 b; Rhoades and Dempsey 
1982), it is probable that they could be affected by tissue 
culture as well. In addition, the Ac and Spin activities 
were detected in plants from separate experiments that 
used different culture types (Type I versus Type II), dif- 
ferent culture media (modified MS versus N6 + proline), 
and different genetic backgrounds (Oh43 x A188 versus 
A188 x B73) (Armstrong and Phillips 1988; Lee and 
Phillips 1987a, b). This result demonstrates that activa- 
tion of  transposable elements in tissue culture is not  lim- 
ited to a specific set of  conditions, al though it is likely 
that certain genotypes and culture conditions would 
cause different frequencies of  activation. In our studies, 
this frequency was not obviously related to the number 
of  transposable element-homologous D N A  sequences in 
the lines used to initiate the tissue cultures, since all of  the 
lines had similar numbers of  such cryptic sequences (this 
report; Peschke et al., in press). However, a number of  
these sequences may be defective and incapable of  genetic 
activity. 
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