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SUMMARY

A three-point cross in the b2 locus of Ascobolus immersus was devised in such a
way that asci showing independent correction tracts within the same length of
heteroduplex could be selected. The occurrence of independent corrections was
confirmed. The calculation is compatible with the idea that the distances between
the markers used was often, and perhaps always, in excess of the length of the
correction tracts.

1. INTRODUCTION

IN Ascomycetes, ascus analysis from mutant x wild-type crosses shows
departures from mendelian 4:4 segregations. In eight spored-asci, these
aberrant segregations are 6 :2 (6+ 2m and 2 + 6m) and post-meiotic segre-
gations (PMS). In 5 :3 (5+ 3m and 3+ 5m) the PMS involves one meiotic
product; in aberrant 4 :4, it involves two meiotic products. All these
aberrant segregations can be explained by hybrid DNA (HDNA) formation
followed by a facultative correction of the mismatch arising at the site of
heterozygosity. HDNA can involve only one chromatid (asymmetrical
HDNA). In this case 6 :2 segregations result from mismatch correction and
5 :3 segregations result from non-correction. HDNA can also involve the
two interacting chromatids (symmetrical HDNA), so that two mismatches
are formed: 6 : 2 segregations result from the correction of both mismatches,
5 : 3 segregations result from the correction of only one mismatch and
aberrant 4 :4 segregations result from non-correction on both mismatches.

The existence of mismatch correction in bacterial cells was demonstrated
with artificial heteroduplex molecules (Spatz and Trautner, 1970; Wilden-
burg and Meselson, 1975; Wagner and Meselson, 1976). Evidence for
mismatch correction during meiosis in Ascomycetes comes from the
demonstration that 6 :2 segregation at one site can decrease 5: 3 segregation
and increase 6:2 segregation at a closely linked site (Leblon and Rossignol,
1973; Rossignol and Haedens, 1978; Fogel et al., 1979). This change in
the conversion pattern at the closely linked site also indicates that the
correction process involves a length of the HDNA segment. However, 6:2
segregations at one site associated with a 5 :3 segregation at another site are
also observed, indicating that the repair tract does not always cover the
whole HDNA segment.

The question now arises whether two mismatches formed in the same
hybrid DNA segment can undergo independent repair. If so, it is expected
that the two repair tracts can leave a third mismatch, located in between,
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unrepaired. At present there is only indirect evidence of the occurrence of
independent corrections. Fincham and Holliday (1970) showed that, if the
lengths of correction tracts were distributed about a mean length, a mixture
of recombination resulting from heteroduplex ending and from independent
correction could be the cause of map expansion which was observed in
several genes. Independent correction has been postulated also to explain
the occurrence of an associated crossover separated from a conversion by an
unconverted length as the origin of the rare crossover class (Whitehouse and
Hastings, 1965). This paper reports direct evidence of the existence of
independent correction tracts based on the analysis of a 3-point intragenic
cross in Ascobolus.

2. MATERIAL AND METHODS

(i) Culture media and crossing conditions

These have been described previously (Rizet eta!., 1960; Lissouba eta!.,
1962; Yu-Sun, 1964). Crosses were performed at 22°C. Asci were
harvested at 11°C (Rossignol and Haedens, 1978).

(ii) Mutant sites

The strains used belong to stock 28 of Ascobolus immersus (Rizet et al.,
1969). All the spore colour mutants used belong to the b2 locus (Leblon,
1972a). F6 and Al are EMS induced frameshift mutants. They give no
PMS and an excess of 6+2m over 2+6m segregation (type A; Leblon,
1972b). F6 and Al belong to the F and A groups of intragenic suppression
respectively (Leblon and Paquette, 1978). The F group lies toward the high
conversion end of the b2 locus and the A group lies toward the low end. Gi
gives numerous PMS besides 6 : 2 segregations (type C). It is a spontaneous
mutant of unknown chemical nature. G 1 is located within theE group which
lies in the middle of the locus (Rossignol, Paquette and Nicolas, 1979). The
conversion patterns of the 3 mutants used are given in table 1.

TABLE 1

Conversion patterns of the three b2 mutants used (Sources: Leblon, 1972b; Pa'juette
and Rossignol, 1978; Paquette, 1979). All values are given in percent of the total
number of asci. BFC: Basic frequency of conversion; Other: 8 + Urn, 0 + 8rn, 7 + 1 m,

1 + 7m segregarions.

Aberrant
Mutant BFC 6+2m 2+6m 5+3m+3+5m 4:4 Other

b2.F6 22 16 5 <1 0 1
b2.G1* 18-20 0-4-1 1-2 13-15 2-3 0-03
b2.A1 17 13 1 <1 0 2
* The extreme values observed in different crosses are given.

(iii) Cross and ascus selection

In a cross X + Z x +Y+, where X, Y and Z are three allelic mutant sites,
independent correction can be detected when HDNA spans the 3 sites in the
X + Z chromatid and when two independent corrections to wild-type involve
X and Z and do not include the middle site Y (fig. 1). Indeed, this will lead to
a detectable 1C:7W (1 coloured: 7 white spored-ascus) with a 6+2m
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FIG. 1 .—HDNA segment involving X, Y and Z mutant sites is formed in the X + Z chromatid

(A). Correction to wild-type of X and Z mismatches and no correction of the Y mismatch
(B) leads to a 1C :7W ascus.

segregation at X and Z and a 3+ 5m segregation at Y. The cross analysed
was rndl vag4 b2-F6Alxrndl-2 vag4-1b2-Gl. F6 and Al mis-
matches are always corrected, with a preferential correction to wild-type,
whereas Gi mismatches are rarely corrected. Of the two other markers
used in this cross, mi gives round instead of oval spores and vag4 gives a
wavy mycelial growth; b2, mdl and vag4 are unlinked (Nicolas, 1978).
mdl and vag4 were used to distinguish between the 4 pairs of sister spores
corresponding to each meiotic product.

(iv) Analysis of 1C: 7Wasci
Several types of segregation for the three b2 markers ma% lead to asci

with one wild-type spore (tables 3 and 4). In order to distinguish between
these segregations, a sample of 1C :7W asci was analysed. rhis analysis was
achieved in 2 steps. One b2 strain from each meiotic product was first
crossed with the double mutant b2-F6A1. The absence of wild-type spores
in the progeny indicates that the b 2 strain is mutant for at least F6 or Al. The
presence of wild-type spores indicates that the b 2 strain is +G 1+. The cross
with b2-F6A1 defined 3 distinct classes of 1C: 7W asci (Table 3). The
classes I and II cannot correspond to a 6+ 2m segregation for both F6 and
Al. They were then disregarded in further analysis. In a second step, all 7
strains issued from the white spores of class III asci were crossed to the 3
tester strains: b2-F6, b2-Gl and b2-Al. The full b2 genotype was thus
established.

3. RESULTS

The numbers of the various phenotypic classes of ascus observed in a
sample of the progeny of the cross rnd1 vag4 b2-F6A1 x mndl-2 vag4- 1
b2-Gl are given in table 2. The frequency of 1C :7W asci is OO65. A
sample of 111 1C:7W asci was analysed (table 3). In the first step of the
analysis, asci are classified in 3 classes. Class III (27 asci) is compatible with a
3+5m segregation for Gl and a 6+2m segregation for both F6 and Al.
This is exactly the type of segregation expected if there is independent
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TABLE 2

Types and number of asci in the progeny of the cross rndl * vag4 b2-F6A1 mt x
rndl-2 vag4-1 b2-G1 mt. mt: mating type; C: W, coloured:white spore

OC:8W 1C:7W 2C:6W 3C:5W 2C:6W* N

1841 131 22 1 5 2000
* Odd segregations for spore colour and spore shape: 1 oval coloured, 1 round

coloured, 3 oval white, 3 round white.

correction of F6 and Al, without correction of the middle site mutant Gi.
Class 1(81 asci) is compatible with a 5 +3m segregation of Gi and a 4+4m
segregation for F6 or Al or both. Again this may reflect an independent
correction of F6 and Al in some hybrid DNA configurations, but could also
arise from situations where hybrid DNA spans the Gi site and only one or
none of the 2 sites F6 and Al. Class 11(3 asci) could arise from complex
events involving the 3 markers in two or more chromatids. The results of the
second step of the analysis of the class III asci are given in table 4. Three
types of ascus were observed: 25 asci corresponded to the postulated events.
The two other asci resulted from complex events: they can be explained as
resulting from the postulated events accompanied by a simultaneous con-
version involving the sister chromatid. The frequency of the postulated
events, calculated from the data of tables 2, 3 and 4 is O'0l6.

TABLE 3

Analysis of 1C: 7Wasci: crosses with b2-F6AJ.
One white spore strain from each pair was tested

for each ascus. The spore pair No.1 is the mixed
one (wild-type! mutant)

Ascus class

Spore pair No. I II III
1 + + +
2 + — +
3 — — +
4

Total number
of asci 81 3 27

+: presence of wild-type recombinants in the
progeny of the cross with F6A1 ; —: absence of
wild-type recombinants.

TABLE 4

Results of complete genotype analysis of class III 1C: 7Wasci (table 3)

Spore pair No.
Number

1 2 3 4 ofasci
+G1+ +G1+ F6+A1 25
+G1+ +G1+ ++A1 1

+G1+ F6++ 1
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4. Discussior

The existence of 1C:7W with a 6 + 2m segregation at ouside sites F6
and Al and a 3+5m segregation at Gi indicates that two independent
corrections can occur along the same HDNA segment. The question now
arises whether the two corrections triggered at the outside sites always leave
the middle site uncorrected. It is possible to calculate the expected
frequency of 1C :7W asci with a 6 :2/5 3/6 : 2 segregation in the situation of
systematic non-overlapping of the middle site by the repair tracts. We have
information about the HDNA distribution pattern along the b2 locus
(Paquette and Rossignol, 1978; Paquette, 1979; Rossignol and Paquette,
1979; Rossignol and Haedens, 1980). The data are consistent with HDNA
always starting on the left side of b 2 (high conversion end) and extending to
the right. HDNA formation is mostly asymmetrical in the left part of the
locus and mostly symmetrical in the right part. These two modalities of
HDNA formation show physical association. Lastly, the conversion
parameters of the mutants used (Paquette and Rossignol, 1978; Paquette,
1979) have been calculated from the conversion pattern of these mutants
(table 5).

TABLE 5

Values of the conversion parameters of the mutants used

Mutant a p v

b2.F6 0391 0924 1000 0•738
b2.G1 0•234 0673 0•268 0•331
b2.A1 0166b 0278b 1000 0734

Sources: Paquette and Rossignol, 1978; Paquette, 1979.
: Frequency of HDNA formation per meiosis at the mutant site.
a: Probability that HDNA undergoes asymmetrical distribution.
p: Frequency of correction per mismatch.
v: Probability that the correction leads to a wild-type homo-

duplex.
a: Mean of the values obtained for the C type mutants 1F1, Fl, F2

and 8E located within group F; b: mean value for A4 located
within group A.

In order to calculate from these parameters the frequency of the different
types of HDNA distribution along the b2 locus when the 3 sites are involved
in HDNA, the three following assumptions were made:

(1) When HDNA covers Al which is at the low conversion end of the b2
locus, it also covers the 2 other sites. In other words, there is a complete
polarisation of HDNA formation. Thus, the frequency of HDNA covering
the 3 sites is the same as the frequency over the Al site (table 5).

(2) When HDNA shows a symmetrical distribution at one site, it also
shows symmetrical distribution at all other sites to the right. In other words,
transition from symmetrical to asymmetrical distribution is not possible.
This assumption is based on the data presented by Rossignol and Haedens
(1980) for the b2 locus.

(3) When HDNA distribution is asymmetrical it involves either parental
chromatid with equal probability.

The expected frequencies of the various distributions of HDNA when
HDNA involves the 3 sites, are given in fig. 2. In the same figure, the
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FIG. 2.L.Modalities of HDNA distribution when all three sites are involved in the HDNA
segment on the F6 + Al chromatid. In I, II and III the reciprocal distribution (when all
three sites are involved in the HDNA segment on the +Gl+ chromatid) is not represented
because they cannot lead to a 6 + 2m/3 + 5m/6 + 2m segregation. The frequencies of the
corresponding HDNA distributions are given in 1. In each HDNA segment, the corrected
strand is indicated by a circle at F6 and Al sites and by a square at 01 site. The frequencies
of 1C:7W asci presenting a 6+2m/3+Srn/6+2m segregation are given in 2 for each
HDNA distribution. F, G and A indexes indicate the mutant site to which the parameters
correspond. For definitions and sources of y, a, p, v see table 5. The total frequency of
1C:7W asci presenting a 6+2m/3+5m/6+2m segregation is O'022 (sum of 12+112+
1112 + 1V2).

expected frequencies of 1C:7W asci corresponding to a 6 + 2m/3 + Sm/6 +
2m segregation obtained from each HDNA distribution are also given. On
this basis, the expected frequency of 6+2m/3+5m/6+2m segregation is
0022 (fig. 2) which is close to that observed (0.0 16). We thus conclude that
the data are compatible with a model in which the corrections triggered at F6
and Al mismatches never or rarely span the middle Gi mismatch.

This study shows that, in the b2 locus, the size of the repair tract is often
and perhaps always significantly shorter than the size of the HDNA segment
since at least two non overlapping correction tracts can readily occur within
the HDNA length. Thus our results are in agreement with the idea that the
distances between F or A and Gi are larger than the maximal sizes of the
repair tract. Previous studies suggested that the size of the repair tract could
show large variations (Rossignol and Haedens, 1978 and Paquette, 1979).
More particularly the study of two-point crosses within the F group of
intragenic suppression showed the existence of 4 wild-type: 4 mutant
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recombinant asci. These asci were shown to result from double site con-
version to wild-type (Paquette, 1979). They can only be explained by
independent corrections at the two sites. Although rare, these asci were
observed for very small intervals; in the largest intervals within group F their
frequency was still smaller than expected if independent corrections always
occur. Consequently the size of the correction can be smaller than the small
intervals in group F but can also be larger than the largest interval in this
group. It is only for crosses between alleles located in distinct groups of
intragenic suppression that the size of the correction tract is systematically
smaller than the interallelic distances considered, as shown by the present
work. OnFincham and Holliday's (1970) interpretation of map expansion,
one expects map expansion for the relatively short distances studied by
Paquette, and this was indeed observed. When the interallelic distance
systematically exceeds the length of the repair tract, as in the situation
described in the present work, map contraction should be observed. The
systematic study of two-point crosses for mutants located in various sites in
locus b2 should permit this prediction to be verified.
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