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ABSTRACT 
The Tad transposon of Neurospora crussa appears to be a LINE-like element with  very restricted 

distribution within the  genus Neurospora. When forced heterokaryons were constructed between 
strains  which did  and  did  not contain Tad, the nuclei of the naive nuclear type rapidly acquired Tad 
elements. The elements acquired by naive nuclei are active, since they can  pass Tad to other naive 
nuclei in subsequent heterokaryons. When heterokaryons are passaged by serial transfer, the load of 
acquired Tad elements appears to increase, indicating that transposition is continuing in these 
heterokaryons, even after all of the naive nuclei have acquired Tad. In normal heterokaryons of 
Neurospora, nuclei do not  fuse. An experiment to test for the possibility  that Tad promotes nuclear 
fusion gave negative results. Thus Tad appears to have a cytoplasmic intermediate in  its transposition. 
When heterokaryon incompatible strains  were cocultured, there was no indication that Tad elements 
could be transferred to the naive strain, suggesting that Tad is not  a virus. These data are consistent 
with the transposition of Tad via RNA and cDNA intermediates, as has been postulated to  occur with 
LINE-like elements. 

M ULTIPLE copies of the transposon Tad are 
found in the Neurospora crassa strain Adiopo- 

doumi. (FGSC 430) and strains  derived  from it (KIN- 
SEY and HELBER 1989).  No  other Neurospora  strain 
(of over 450 strains  tested)  appears to contain this 
element (KINSEY 1989a; J. KINSEY, unpublised re- 
sults). At least some of the copies of Tad in strains 
derived  from  Adiopodoumi.  strain  are active (capable 
of transposition). This is evidenced by the observation 
of two independent  events of transposition of Tad into 
the am (NADP-dependent  glutamate  dehydrogenase) 
gene  among  a small set of spontaneous am mutants 
(KINSEY and HELBER 1989), as well as by data  pre- 
sented below. The Tad elements  that  transposed  into 
the am gene were cloned and have been partially 
characterized (KINSEY and HELBER 1989; our unpub- 
lished data). Each of the cloned elements is 7 kb in 
length with no terminaI  repeat  structures within the 
element, but  with duplicated  target sequences (14 bp 
in one case, 17  bp in the  other) immediately surround- 
ing  the  element.  A  map of the Tad ?-,? element  and 
surrounding am gene  sequences is shown in Figure  1. 
DNA sequence analysis of Tad ?-2 revealed multiple 
stop codons in  all reading  frames (J. HELBER and J. 
KINSEY, unpublished results). This suggests that, even 
though it transposed  into the am gene, Tad 3-2 is 
defective. Presumably the transposition activity was 
provided by an active copy of the element  present in 
the  strain. 

The lack of terminal  repeats  as well as the relatively 
long,  duplicated  target  sequence  that varies in abso- 
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lute  length  from  site to site suggested that Tad might 
be  a  member of the  group  of elements  related to 
LINEs  (long  interspersed  repeat elements) that  are 
found in high copy number in mammalian genomes 
(SINGER 1982). Elements with similar structure  found 
in the genomes of non-mammals such as Drosophila 
(FAWCETT et al. 1986), Bombyx mori (XIONG and EICK- 
BUSH 1988a),  Trypanosomes (KIMMEL, MOIYOI and 
YOUNG 1987)  and maize (SCHWARZ-SOMMER, LE- 
CLERCQ and SAEDLER 1987)  are  referred  to as LINE- 
like (Ll) or non-LTR-retrotransposons (For reviews of 
LINEs and L1 elements see BUCI-IETON 1990; FINNE- 
CAN 1989; HUCHISON et ai. 1989). LI elements are 
typically 5-7 kb in length and have one  or two open 
reading  frames  (ORFs) on one  strand of the  element. 
Based upon comparison of theoretical  translated  prod- 
ucts of the  ORFs, L1 elements can apparently  code 
for a  reverse  transcriptase (RT). XIONC and EICKBUSH 
( 1  988a,b) have made  extensive comparisons of RT 
homologies and identified seven blocks  of amino acid 
homology that  appear to be diagnostic for RT. Ex- 
amination of the sequence of the  defective Tad ele- 
ment, Tad ?-2 (ignoring  stop codons) revealed all 
seven of these blocks of sequence to be  present with 
appropriate spacing and with an  appropriate location 
within the  element (J. HELBER and J. KINSEY, unpub- 
lished results). This lends support  to  the proposal that 
Tad is a L1 element. 

L1 elements are thought  to  transpose via RNA/ 
cDNA  intermediates. This is based upon the universal 
finding of R T  homology as well as structural similar- 

D
ow

nloaded from
 https://academ

ic.oup.com
/genetics/article/126/2/317/6006518 by guest on 25 M

ay 2023



318 J. A.  Kinsey 

TABLE 1 

Strains used 

Strain  Pertinent  genotype het genes" EX-HET status 
Tad 

51518 lys-1, am(s3-2) A ND No + 
J 1564 am(s3-2) a C, d ,  e No + 
J57?ib ad-3B a C, d, e N o  - 
5327 lys-1 a C, d,  e No - 
J 17'46 arg-2,  pdx-I, mtr, C,  d, e N o  - 

J 1747' col-4; trp-2 a C, d , e  N o  - 
FGSC 47Ijd i n l ,  al-2 A C, D, E, NO - 
J 17'48 ad-3B a C, d, e Yes + 
J 1749 lys-1 a C, d ,  e Yes + 
51750 lys-1 a C,  d, e Yes + 
51751 lys-1 a C, d , e  Yes + 
51752 lys-I a C, d ,  e Yes + 
J 1753 lys-1 a C,   d ,  e Yes + 
51754 lys-1 ; trp-2 A C, d ,  e No - 
74OR23 lVAd Wild type C,  d, e No - 
FGSC 430d Adiopodoumi. c', d,  E N o  + 

col -4;  pan-2 a 

TABLE 2 

Heterokaryons constructed 

Heterokaryon 
Tad bearing 

strain Naive strain 

All strains except 15 18 and  Adiopodoumk have the  Oak Ridge 

This strain was obtained  from A. GRIFFITHS. 

Strains  obtained  from  the Fungal  Genetics  Stock Center, De- 
partment of Microbiology,  University of Kansas Medical Center. 

' The  exact  state of the hetC locus is in question. All that is known 
is that  there is either a third allele at this locus, since it is incompat- 
ible with both het C and het c, or  that  there is another, previously 
undetected, het locus nearby (D. PERKINS and B. HOWLETT, personal 
communication). 

alleles of the het (heterokaryon incompatibility) genes 5-10. 

' Strains  obtained  from DAVID STADLER. 

ities between such elements. Many  of these elements 
have either  a poly(A) or an A-rich stretch of sequence 
at the 3' end of the coding  strand. Also many copies 
of the  elements are  found  to  be  truncated  at  the 5' 
end of the  element,  but  not  at  the 3' end.  This is what 
one might expect if first strand cDNA synthesis did 
not  go to completion (HUTCHISON et al. 1989). Since 
these  elements lack the terminal  repeats  that allow for 
the synthesis of full length cDNAs in retroviruses and 
LTR-containing  retrotransposons such as Tyl and 
copia (VARMUS  and BROWN 1989; BOEKE 1989; 
BINCHAM and ZACHAR 1989),  the mechanism by 
which  full length cDNA copies of L1 elements are 
made is still unclear. 

Retroviral-like retrotransposons such as T y  1 that 
are known to transpose via an  RNA  intermediate do 
so by exporting  the plus strand  RNA  to  the cytoplasm 
where it can be  found within virus like particles 
(VLPs). The cDNA is apparently synthesized within 
these VLPs. Double stranded cDNA (possibly  in  as- 
sociation with VLPs) reenters  the nucleus for integra- 
tion  into  chromosomal DNA (reviewed by BOEKE 
1989).  In  contrast, very little is known with respect to 
the mechanism of retrotransposition of L1 elements. 
Even though these elements have R T  homology at 
the sequence level, no RT activity that is due  to  one 
of these elements has been described. Assuming that 
these  elements do transpose via RT activity, whether 

H1 J 1564 5573 
H2 J 1748 5327' 
H3  51749 J 1746 
H4 -1 1749 -11747 

the cDNA is synthesized within the nucleus or in the 
cytoplasm is unknown. 

In the work reported  here, I have sought  to deter- 
mine  whether Tad has a cytoplasmic intermediate in 
its transposition.  Neurospora  provides  an ideal system 
for  the study of cytoplasmic events in transposition, 
since defined  heterokaryons can be  constructed in 
which nuclei of more  than  one type are  forced  to exist 
in a  common cytoplasm without fusion of nuclei [for 
a review of heterokaryosis in Neurospora, see DAVIS 
(1966)l. I have used heterokaryons  made with marked 
nuclei in  which one type of nucleus contains Tad while 
the  other does  not to show that Tad can move between 
nuclei within a  common cytoplasm. This is consistent 
with the idea that Tad uses an  RNA  that is exported 
to  the cytoplasm as an  intermediate in transposition. 

MATERIALS  AND  METHODS 

Strains: The  strains used and  their  pertinent  character- 
istics are listed in Table  1.  The  heterokaryons  constructed 
in this study are listed in Table 2. 

Media: Strains  were  grown on VOCEL'S ( 1  964) minimal 
medium supplemented as necessary. Strains that  contain am 
mutations  were  maintained on alanine supplemented me- 
dium  (50  rglml).  For selection of am+, the medium was 
supplemented with glycine (1.5  mg/ml), which inhibits the 
growth of am strains. Crosses were performed  on  the syn- 
thetic crossing  medium of WESTERCAARD and MITCHELL 
(1947).  Plating  media consisted of VOGEL minimal medium 
with 1.5% sorbose, 0.1 % glucose and 0.1 % fructose replac- 
ing sucrose as the  carbon source. This combination causes 
Neurospora  to grow in a tight colonial form. 

Formation and breakdown of heterokaryons: T o  form 
the  forced  heterokaryons, strains with different biochemical 
requirements were  co-inoculated on medium that would 
support  the  growth of neither if inoculated alone. A few 
thousand conidia  of  each  type  were placed together  on a 
slant of selective medium and  incubated  at  25". At the same 
time  the strains  were  inoculated independently  on  the same 
medium to  insure  that  no  growth took place unless a het- 
erokaryon was formed.  After  the  heterokaryon showed 
strong  growth  and conidiation (usually 3-5 days) the  heter- 
okaryon was passaged by serial transfer  on selective medium 
at intervals (usually 5 days). T o  reisolate  strains of the 
nuclear  type that initially lacked Tad elements, which I will 
refer  to as the naive nuclear  type,  conidia from  the  hetero- 
karyon were plated on medium supplemented only with the 
requirement of the naive nuclear  type. On this medium both 
heterokaryons  and homokaryons of the naive nuclear  type 
could  grow.  Conidial colonies were isolated to individual 
tubes  and tested for  their growth requirements.  Strains  that 
appeared  to  be of the naive nuclear  type  were screened by 

D
ow

nloaded from
 https://academ

ic.oup.com
/genetics/article/126/2/317/6006518 by guest on 25 M

ay 2023



Tad Can Transpose Between  Nuclei 319 

B C S E M G A E M  P E A P  P M S  C S G  E C B 

ec- 16 

am-rad - 
1 kbp 
FIGURE 1 .--Map of the Tad 3-2 insert i n  the a m  gene. The upper 

gene with Tad 3-2 inserted i n  5 ’  noncoding sequences. The stippled 
region represents a m  sequences. The open regions represent Tad 
3-2. The arrow indicates the location ;tnd orientation of the a m  
transcript. Fragments that are used as probes in this paper are 
indicated as hatched bars below the map. Restriction enzynle sites: 
R, RamHI; C, C l a l :  S ,  Sstll; E, BcoRl; M, S m a l ;  G ,  Bglll; A, SacI; 
P. P V U I I .  

b . .  ‘11 tepresents  the 9.5-kb HamHl fragment that contains the a m  

plating several thousand conidia on medium lacking the 
required supplement. If no colonies were formed the strain 
was assumed to be a rescued homokaryon (I will refer to 
such strains as EX-HETS). 

Colony blot procedure: Colony  blot hybridizations were 
carried out as described (KINSEY 1989a,b). 

DNA isolation: Neurospora chromosomal DNA was  iso- 
lated as described elsewhere (METZENRERG and BAISCH 
198 1 ; STEVENS and METZENRERG 1982). 

DNA blots and hybridization: Hybridization conditions 
and labeling of probes were as described (KINSEY and HEL- 
RER 1989). Fragments used as probe are shown  in Figure 1. 

RESULTS 

The ability to  form  heterokaryons in Neurospora is 
controlled by at least ten  genes,  including the mating- 
type locus. These  are  referred to as het (heterokaryon 
incompatibility) genes. In order  for a viable hetero- 
karyon to be  formed  between two strains, they must 
have identical alleles at each of these loci. The  Adi- 
opodoumi strain has been  characterized with respect 
to known het loci. It was found  to  differ  from  the 
standard  Oak Ridge wild-types (OR)  at five different 
loci, het-C, het-E, het-8, het-9, and het-10 (PERKINS 
1975; MYLYK 1975; HOWLETT and D. PERKINS,  per- 
sonal communications). The Tad transposon was orig- 
inally identified in hybrid  strains  constructed  between 
Adiopodoumi  and a  standard  laboratory  strain  car- 
rying the  marker lys-I. Hybrid  strains that were lys-1 
were used to select spontaneous am mutants (KINSEY 
and HELBER 1989) using a positive selection system 
(KINSEY 1977). One of the resulting mutant strains, 
J 15  18  (Table  l), which carried  the am(s3-2) mutation 
was due to the insertion of the Tad element  into  the 
5‘ noncoding sequences of the am gene  (Figure 1). 
Since this strain  differed  from  standard wild-type at 
several het genes, it was backcrossed to OR twice. lys- 
I + ,  am progeny were then  screened  for  heterokaryon 
compatibility with strain 5573 (ad-3B), which has the 
OR set of het genes. Heterokaryons were grown  on 

glycine containing medium so that  the am gene could 
be used as a  forcing  marker.  Strain  51564 (Table 1) 
was chosen as a  representative  strain with the  standard 
Oak Ridge set of het alleles. This strain was shown to 
contain  multiple copies of Tad sequences by Southern 
blotting of restriction  digested DNA with a Tad probe 
(data  not  shown). 

An initial heterokaryon (Hl)  was formed between 
strains J 1564  and  5573  (Table 1) using the am and ad- 
3B genes as forcing  markers.  H1 was grown  continu- 
ously by serial transfer  (at  approximately weekly in- 
tervals) for about two months, at which time  adenine 
requiring  homokaryons were isolated as  described in 
the Materials and Methods section. Adenine  requiring 
EX-HETS  were  examined by a colony blot procedure 
(KINSEY 1989b)  for  the  presence of Tad sequences, 
using as a probe  an  internal 2.1-kb EcoRI fragment 
(ec-16) from Tad 3-2 (Figure 1). The results shown in 
Fig.  2.4 indicate that of seven adenine  requiring EX- 
HETS  tested, all had  acquired Tad sequences. 

Tad sequences in EX-HETS are not due to a 
minority nuclear component: The EX-HET  strains 
screened  above  required  adenine and conidia showed 
the brownish pigmentation  characteristic of ad-3 in a 
non-albino  strain;  however it was possible that  the Tad 
sequences were located in non-adenine-requiring  nu- 
clei that were present in very small numbers  compared 
to  the  adenine  requiring nuclei. T o  test for this pos- 
sibility, adenine  requiring  EX-HETS were crossed to 
the  standard wild type,  74-OR23-1VA (lVA), which 
lacks Tad. The EX-HET strains  were used as the male 
parent  to minimize their cytoplasmic contribution. 
Adenine  requiring  spores  from  these crosses were 
collected. Since the spores in a given ascus represent 
the fusion of a single nucleus of each mating  type,  any 
spore  containing ad-3 must have resulted  from the 
fusion of an ad-3B nucleus with one  from  IVA. Col- 
ony blot analysis of ad-3B spores  indicated that all 
adenine  requiring  progeny  had Tad hybridizing se- 
quences. Examples of progeny  from two such crosses 
are shown in Figure  2A, colonies 9-18. This clearly 
indicates that ad-3 nuclei had  acquired Tad sequences 
and  that these Tad sequences  were passed on to their 
progeny.  Genomic  Southern blots of EcoRI digested 
DNA prepared  from representative ad-3 progeny 
probed with Tad probes showed that these  strains 
contain the 0.5- and 2.1-kb internal EcoRI bands 
characteristic of previously characterized Tad ele- 
ments (KINSEY and HELBER 1989). Blots of undigested 
DNA indicated that all of the Tad sequences are in 
high molecular weight DNA characteristic of chro- 
mosomal DNA (data  not  shown). 

Transferred Tad elements are active: From the 
results presented in the previous sections it is clear 
that Tad sequences can transfer  to  a naive nucleus in 
a  heterokaryon.  However, it was possible that these 
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transferred  sequences  represented  defective or partial 
Tad elements. Our previous  results  have  indicated 
that in strains with multiple copies of Tad, a Tad 
element which either  had multiple  mutations, or 
which acquired  these  mutations during transposition, 
could  transpose into  the am gene (J. KINSEY and J. 
HELBER,  unpublished results). T o  determine if the ad- 
3 EX-HETS  contained active Tad elements,  a new 
heterokaryon,  H2, was constructed using the ad-3 EX- 
HET strain,  J1748,  and  the  heterokaryon compatible 
lys-1 strain,  5327  (Table 1). H2 was constructed  on 
minimal slants and allowed to grow either  just until 
conidiation (0 passages) or  for  10 serial transfers  of 5 
days each (10 passages). Lysine requiring  homokar- 
yotic EX-HETS were isolated from  either passage and 
screened for Tad-containing  sequences by colony 
blots. A total of 26 lys-1 EX-HETS  from  the 0 passage 
heterokaryon and 3  1  from the  10th passage hetero- 
karyon were examined.  Only one of the 0 passage EX- 
HETS failed to hybridize to a Tad probe,  and all of 
the  10th passage EX-HETS  hybridized to a Tad probe 
(data  not shown). Genomic DNAs from typical 0 or 
10th passage lys-1 EX-HETS were digested with  EcoRI 
and analyzed by Southern blot analysis using the am- 
tad probe  (Figure 1). Examples of these blots are 
shown in Figure 3. Since the  probe contains the am 
gene  as well as Tad  3-2 it hybridized to a  21-kb 
fragment  containing am in  all strains  (indicated by an 
arrow in the figure). DNA from  the lys-1 strain,  5327, 
used to construct the  heterokaryon shows only the am 
band.  In  contrast all of the lys-1 EX-HETS show the 
characteristic 2.1-kb EcoRI band  that is internal  to 
known Tad elements. The characteristic  internal 0.5- 
kb EcoRI band can also be seen in the  10th passage 

a 
I9 m 

FIGURE 2.-(A-C). Colony blots 
of Neurospora colonies probed with 
the ec-16 probe (see Figure 1). A. 
Colonies 1-7 are individual adenine 
requiring EX-HETS from the heter- 
okaryon HI (see text); colony 8 is 
strain 5573 (ad-3B); colonies 9-13 
are individual adenine  requiring 
progeny from a cross of the strain 
shown  in  colony 2 X wild type (1 VA); 
colonies 14-18 are individual ade- 
nine requiring progeny from a cross 
of the individual shown in colony 1 
X wild type; colony 19 is standard 
wild type, 1 VA; colony 20 is the Adi- 
opodoumk strain (FGSC 430). B and 
C, All colonies on these blots except 
colonies 19 and 20 are arg-2, pdx- I ,  
mtr, col-4; pan-2 a EX-HETS from 
heterokaryon H3. On each blot, col- 
ony 19 is the AdiopodoumP strain 
and colony 20 is J1746. The EX- 
HETS on these blots were reisolated 
as soon as the heterokaryon had con- 
idiated for the first time. 

strains. On  the original  autoradiogram it can also be 
seen as a  faint  band in the 0 passage strains. The 
strains isolated after  10 passages contain  numerous 
additional bands. Although the loading of DNA in the 
lanes was not exactly equivalent (as indicated by the 
intensity of the single copy am band) it appears  that 
there  are many more copies of Tad in the strains 
isolated after  10 passages as  compared to those iso- 
lated prior to passage. This is indicated by the intensity 
of the 2.1-kb band  and by the  numerous additional 
bands  present. 

The  lys-1 EX-HET  strain with the lowest apparent 
copy number  of Tad, J1749, was put  into a further 
forced  heterokaryon  (H3) with a  heterokaryon com- 
patible strain,  J1746,  containing  multiple  markers. 
Homokaryons  of the naive nuclear type were isolated 
as soon as the  heterokaryon  had conidiated. These 
strains  were  examined by colony blots (Figure  2, B 
and C) for Tad hybridizing  sequences using the ec-16 
probe.  Of  36 strains  tested all but three  appeared to 
have  acquired Tad sequences. The  hybridization sig- 
nal of  these colonies is faint,  probably  indicating  a low 
copy number  of Tad, but  the signal is clearly greater 
than  the negative  control. 

Tad does not  promote  nuclear fusion: Since the 
nuclei of Neurospora normally do not directly interact 
or fuse in heterokaryons (CASE and GILFS 1962; PATE- 
MAN and FINCHAM 1958; ROPER 1966),  the results 
presented  above are consistent with the movement  of 
Tad elements  between nuclei via a cytoplasmic inter- 
mediate.  However, it was possible that  the presence 
of Tad in these  heterokaryons  might  promote  nuclear 
fusion and subsequent  segregation of chromosomes  as 
occurs in the parasexual cycle  in Aspergillus (ROPER 
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FIGURE S.-Genonlic Southern blots of EX-HET strains. DNAs 
were digested to completion w i t h  EroRl. The gel MX run a s  indi- 
cated i n  the Materials and Methods section and blotted to nylon 
n1embr;lne. The am-fad probe was used for hybridimtion.  Strain 
numbers are given above the lanes (see Table I ) ,  the  number i n  
parentheses (0 or 10) indicates the  number of passages of rhe 
heterokaryon prior to isolation of the EX-HETS. The naive nuclear 
strain in the heterokaryon wasJS27, which  is shown in the last lane. 
The arrow shows the location of the am containing  band. 

1966). This would allow for  the  formation of haploid 
nuclei consisting of chromosomes  from the Tad bear- 
ing nucleus associated with chromosomes  containing 
the  marker  gene  from  the naive nucleus. T o  test this 
possibility an  experiment similar to  one originally 
devised by CASE and GILES (1962) was employed. 
A  heterokaryon,  H4, was formed between the lys-1 
EX-HET  strain,  51749,  and  a trp-2 strain,  51747. 
After  conidiation,  monokaryotic  tryptophan  requir- 
ing  strains were reisolated and shown by colony blots 
to have acquired Tad sequences  (data  not shown). 
This indicated that Tad was active in H4,  either by 
transposition via a cytoplasmic intermediate or by 
nuclear fusion in this heterokaryon. Conidia from the 
heterokaryotic H4  culture were  then used as male 
gametes in a cross to a lys-I; trp-2 double  mutant 
strain  (J1754)  and  the progeny  examined  for  proto- 
trophs by plating on minimal medium. If nuclear 
fusion followed by chromosomal  segregation were 
responsible for  the  production of trp-2 nuclei contain- 

ing T a d ,  one would expect that  random  segregation 
of chromosomes would have yielded some nuclei with 
the wild-type alleles of both  the lys-I and trp-2 genes 
(lys-I and trp-2 are o n  different chromosomes). If such 
nuclei were present in the  heterokaryon, they would 
be  expected to give wild-type progeny when crossed 
to  the  double  mutant  strain. Out of a total of 2.1 X 
1 O5 progeny  screened  from such an  experiment,  none 
were wild-type. Thus, if Tad promotes  nuclear fusion, 
it must be at an  undetectable  frequency, and would 
certainly be at too low a  frequency to explain the 
rapid  appearance of Tad in virtually all  of the naive 
nuclei. 
Tad is not  infectious: Since it is clear  that Tad 

elements can transpose between nuclei within a com- 
mon cytoplasm, it was of interest to  determine 
whether Tad is an infectious agent. T o  test this the 
lys-1 EX-HET  strain, J 1749, was cocultivated with an 
al-2, in1 strain, FGSC 476.  Strain J 1749 differs  from 
FGSC 476  at  four het loci (hetC, hetD, hetE and mating 
type). Since these  strains are incapable of forming 
heterokaryons,  the mixed strains were cocultivated on 
slants containing  medium  supplemented with both 
lysine and inositol. The presence of the al-2 marker 
in the strain lacking Tad allowed for easy monitoring 
of the presence of both  strains in the mixed culture. 
The difference in mating type between the two strains, 
in addition to serving as a  heterokaryon incompatibil- 
ity gene, allowed an additional test for  the mainte- 
nance of the  mixture of the two strains. At the time 
of each serial transfer, a sample of conidia was trans- 
ferred  to a tube of synthetic crossing medium.  Pro- 
duction of perithecia and ultimately of ascospores, 
signaled that  both  strains were still present in the 
mixture.  After  the fifth serial transfer of these mixed 
strains, inositol requiring  albino  strains were reiso- 
lated and tested  for the presence of Tad sequences by 
colony blots. Over 200 such strains were tested.  None 
had  acquired Tad .  These results suggest that Tad is 
only infectious within a  common cytoplasm. 

DISCUSSION 

Based upon indirect  evidence, L1 elements are gen- 
erally believed to be  retrotransposons  (for  a review of 
the evidence see HUTCHISON et al. 1989). Since these 
elements lack LTRs, it  follows that  the mechanism 
used to make  complete cDNA copies must be  quite 
different  from  that used by retroviruses and  LTR 
containing-retrotransposons. The model for LI ele- 
ment  transposition  that is currently  favored  proposes 
that full length  RNA  transcripts  become associated 
with chromosomal DNA at pre-existing  staggered sin- 
gle strand  breaks (SCHWARZ-SOMMER et al. 1987; FIN- 
NEGAN 1989; HUTCHISON et al. 1989). The 3' end of 
the transcript is envisioned as  attaching (in some un- 
specified way)  with the  free 5' end of the single 
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stranded  segment of broken  chromosomal DNA. This 
would allow the 3‘ end of the  other  strand of chro- 
mosomal DNA to act as the  primer  for first strand 
cDNA synthesis, while at  the same time  generating 
one copy  of the duplicated  target  sequence.  Ob- 
viously, if chromosomal DNA is used as the  primer 
for cDNA synthesis, the site of cDNA synthesis must 
be in the nucleus. In  contrast, cDNA synthesis of 
retroviruses and LTR-containing  retrotransposons, 
such as T y  1, take place in RNP complexes or VLPs 
in the cytoplasm. 

In  the work described here I have  constructed  a 
series of forced  heterokaryons between marked nuclei 
in order  to  determine whether the Tad transposon 
has a cytoplasmic intermediate in its transposition. 
This work was simplified by the fact that most strains 
of Neurospora are devoid of Tad elements, so that 
simple tests could be used to  determine  that  a  nuclear 
type, previously lacking Tad, had  acquired Tad in the 
heterokaryon.  In each heterokaryon,  a  different set 
of forcing  markers was used to eliminate any possibil- 
ity of strain effects. These  experiments  have clearly 
shown that Tad can transpose  between nuclei, but  that 
nuclear fusions do not  appear  to  occur. (There is 
normally no  nuclear fusion in Neurospora  heterokar- 
yons, and Tad does  not  appear to  promote nuclear 
fusion.) This indicates that Tad transposition can oc- 
cur  through  a cytoplasmic intermediate,  although  the 
results do not  indicate  whether the cytoplasmic inter- 
mediate is obligatory. 

What is the  nature of this cytoplasmic intermediate? 
Although  none of the  experiments addresses this ques- 
tion  directly, the simplest hypothesis is that  the full 
length  RNA  transcript  alone is the  intermediate.  This 
possibility fits best with the favored model for trans- 
position of L1 elements. We have determined  that 
there  are low  levels  of polyadenylated full length Tad 
transcripts  present in these  heterokaryons (E. SEWELL 
and J. KINSEY, unpublished results). Thus it is possible 
that  the Tad transcripts are exported  into  the cyto- 
plasm, as is normal  for polyadenylated transcripts, and 
that by some mechanism they reenter  either of the 
two types of nuclei present in the  heterokaryon. Since 
polyadenylated transcripts do not normally reenter 
nuclei, presumably association with some protein(s) 
(perhaps  coded  for by Tad itself) would provide  a 
mechanism for this reentry. An alternate possibility is 
that, as in the case  of retroviruses and LTR-containing 
retrotransposons, full length cDNAs are synthesized 
in the cytoplasm from  the polyadenylated transcript. 
The mechanism used to prime cDNA synthesis and 
the  nature of events leading to full length cDNAs in 
this case are unclear.  However, if cDNA is synthesized 
in the cytoplasm, it would presumably be the  inter- 
mediate  that  reenters the nucleus for  integration  into 
chromosomal DNA. 

Regardless of the  nature of the cytoplasmic inter- 
mediate,  these  experiments have shown that within 
heterokaryons, naive nuclei rapidly acquire Tad ele- 
ments.  When  EX-HETS  bearing the  marker of the 
naive nuclear type are placed in  new heterokaryons, 
Tad elements are again passed to  the naive nuclei 
indicating  that the elements that transpose to naive 
nuclei are themselves active. It is also apparent  that 
continued passage of heterokaryons results in increas- 
ing loads of Tad in the formerly naive nuclei. We have 
also looked at  the Tad marked nuclei in these  heter- 
okaryons, and as  might  be  expected, the load of Tad 
elements in nuclei that  started  out with  low copy 
numbers of Tad, appears to increase (data  not shown). 
By means of Tad transfer in these  heterokaryons it 
has been possible to construct  strains  that have either 
high or low copy numbers of Tad and  that  are  other- 
wise isogenic with standard  laboratory  strains. The 
use of heterokaryon  transfer  experiments has also 
provided us with a relatively simple, straightforward 
test for cloned active Tad elements. 
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