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ABSTRACT

The effect of meiotic gene conversion of mutations
located in the gene b., which controls spore pigmentation
in the fungus Ascobolus immersus, on intragenic variability
has been studied. Selection and analysis of asci showing
postmeiotic segregation (5:3 non Mendelian segregation) at
the level of an intermediate mutant site reflect asymmetric
hybrid DNA formation. The hybrid DNA covering many hetero-
zygous mutant sites, through the induction of meiotic gene
conversion, gives all possible combinations between them.
The in vivo processing of such complex hteroduplexes has
many interesting implications. It offers a mutational
mechanism capable of altering several nucleotides in
a single step. It can also explain some of the genetic
polymorphism in eukaryotic multigene families.

INTRODUCTION

Gene conversion may be defined as a unidirectional transfer of
genetic information from one DNA duplex to another. At the molecular
level, the initiation event of gene convergion is the hybrid DNA
(h-DNA) formation (Holliday, 1964; Meselson and Radding, 1975).
Hybrid DNA that is present on only one chromatid of the two inter-
acting chromatids is called asymmetric h-DNA, while that which covers
the same region of the two chromatids is called symmetric h-DNA. In
mutant x wild-type crosses, the formation of h-DNA at the mutation
site during the interaction between homologous chiromatids, which
leads to genetic recombination, seems to be a reasonable explanation

for the observed non-Mendelian segregations‘(NMS); Pukkila, 1977.

The fungus Ascobolus immersus is an excellent organism for

studying recombination, since more than 20 genes involved in spore
pigmentation have been defined. In Ascobolus octospored asci are
composed of four pairs of sister spores, each pair corresponding to
one meiotic product. Hence, the occurrence of NMS of 5:3, aberrant

4:4 and 6:2 types can be easily detected. The 5:3 and aberrant 4:4
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NMS reflect that the mismatch formed in h-DNA is not corrected and
that the mutant and wild-type alleles segregate only at postmeiotic
mitosis. The 6:2 NMS indicate that the mismatch formed in h-DNA is
recognized and corrected leading tc the transfer of a wild-type
chromatid to a mutant or vice-versa. This hypothesis is supported
by findings in Ascobolus (Leblon and Paquette, 1978) and in Sordaria
(Yu-Sun et al., 1977).

The present study has been carried out with crosses involving
up to six heterozygous sites in the b. gene. Selection for asymme-
tric h-DNA formation events was carried at the level of an inter-
mediate mutant site which gives rise to all types of NMS, then the
fate of h-DNA covering the flanking heterozygous sites was detected.
Such in vivo processing of these complex heteroduplexes has many
interesting implications as a natural source of considerable genéfic

diversity.

MATERIAL AND METHODS

Culture media: Details «f culturing conditions have been

reported previously by Paquette and Rossignol (1978).

Mutants: The mutants used in the present study belong to stock

28 of Ascobolus immersus, and bear the CV:A modificr allele of the

b2 gene (Girard and Rossignol, 1974). The origin and the phenotype
of these mutants are indicated in Figure 1. Three other genetic
markers were used, vag.s (mycelial growth), rnd;,2 (round ascospore
shape) and mt (mating type). They are unliked to the b, gene
(Nicolas et al., 1981).

Nature of Mutants: The frameshift mutation Fo,Fi16, E» and F,

lying tn region F and E are assumed to correspond to small additions
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or deletions of nucleotides (Leblon and F‘aquétte, 1978). This

assumption is based on the specificity of ICR;7o mutagen demonst-

rated in both Ascobolus and Sordaria (Leblon, 1972; and Yu-Sun et

al., 1977) and in Saccharomyces cerevisiae (Donahue et al., 1981).
By ex_t.ension the double frameshift mutajnts FoF16 and_E_zE_l_ are assumed
to correspond to (+1,-1) changes when compared with the wild-type
sequé’nce (Leblon and Paquette, 1978). The C234 mutation corresponds
to a deletion in the middle part of the b, gene (llamza et al., 1987).
Xis :ls a type C mutant (gives both meiotic and postmeiotic segre-
gatic_ms) and corresponds propably to a base pair substitution
(Rossignol et al., 1979). :

‘Multi mutant strain construction: The two double mutants FoFie
and _EJEL were constructed separately. }Strains with a single mutant
site give a white spore phenotype, whifle the two double mutants
FoF,g and E;E, have a pseudo wild-typei phenotype and were obtained
by cf_ossing my (Fo or Ez) by mz2 (Fis o?r Ey) and by screening for
2 coloured : 6 white spore asci ameng the progeny of these crosses
which give essentialy 8 white spore asci. The triple mutant FoFis
Xis was obtained by crossing FoF1s by Xis and screening for 3
colou:red: 5 white (3C:5W) asci. The white spore of the mixed pair
was tihen crossed by the wild-type. Among the progeny of the latter
crosé, 3C:5W and 5C:3W asci were isolated and the coloured spore of
the mixed pair was then crossed by Fo. The existence of coloured
spores with a FoFy¢ genotype was thus determined, indicating that

the parental white spore was actuully FgFic Xis.

;’l'he FoF1¢ X3sE;E, strain was obtained by crossing FoFi16X3s by
EzE; and screening for 3c:5w and 5c:3w spored asci. The white spore
of the mixed pair was then crossed by Fo and F,, respectively. The
exisience of colowed spores with a FoF;¢ genotype in the cross of
the white spore by Fo as well as the existence of coloured spores
with;a E;E; genotype in the cross of the same white spore by E;
indisate that the parental white spore was actually FoFi6XisEzE,.
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. F. group E and G groups
Fo F|6 EZ EI G
= 234
Fy X5 G,

>Hap—of_the_b2 mutants used., Reglons F and E

v

correspond to regions in which several frame-
shift mutations oselonging to the same group
of intragenic suvpression are located(Leblon
and Paquette,1973). !

Above the line: double site mutants with a
pseudo-wild-type phenotype; under the line,
mutants with a wnite spore phenotype, Fo and
El were isolated by ICR 170 mutagenesis .
F|6’ EZ and F] were isolated by EHMS mutage-
nesis. Xls was induce by X rays. Gl and G

are
spontaneous mutatigns, i
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Testing the impact of gene conversioﬁ-upon the intragenic
variability: The effect of gene conversion upon the intragenic
variability was tested in two different types of crosses. A set of

wild-type and G234 strains were used. All these strains were

obtained from crosses between wild-type and Gz3s.

The multimutation strain FoFi16 Xis E£E1 was crossed by each
test strain (wild-type or Gz3s) and a samtle of 1000 asci was counted
in each cross. Then a sample of 5c:3w asci was analysed. The sister
spores of each pair were determined by the use of the suplimentary
markers mt, rnd and vag. That the whiie spures arc Xijs genotype
was confirmed by crossing them by X;s tester and the observation of
no recombinant coloured spores in the progény. The genotype of the
white spore for FoFi¢ and EzE; can be inferred from the genotype of
the si'ster coloured spore. - -The spore sho;uld have the same genotype
since it is known that the FoFi¢ and gz_Eg markers used give no post

meiotit segregations (Rossignol et al., 1{)79).

The genotype of coloured spores for FaFis, E;E1 and G234 was

determined by crossing the coloured spore with F, and G (Hamza et
al., 1987). The distinction between EzEi, and G23s was inferred

from pink (E2E1) versus brown (G23s4) spore phenotype.

RESULTS AND DISCUSSION

In the two sets of the crosses FgF;¢X;sEZE; with wlld.—type and
Gz3u, .the NMS pattern of the X;s mutation was established. The
results were compared for the individual classes of NMS asci 6C:2W,
5C:3H.vand aberrant 4C:4W (Table 1). Statistical analysis showed
that ihe frequency of 6C:2W asci is significantly higher in crosses
with gu_._ than with wild-type. In Table 1, the absolute froquencics

of aberrant 4C:4W were corrected _accarding to, (Paquette. 1978},
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Table (1): Conversion pattern of X415 mutants in crosses of
; ?0F16x153231 with wild-type and with the dele-
- tion G

234° =

Cross N C6c : 2w 5c : 3w ab. 4dc:dw
FyF X E,E
il B 6000 ~ 103 160 31 (46.5)
FL .
Freq. / 1000 2 26,7, i€ 512:13.8)
FoF16%1552E4

5000 158 102 12 (18)
SR e Y T e e L
*

Freq. / 1000 . 31.6 20.4 2.4 (3.6)

N : number of total asci observed.

ab: aberrant,in parentheses, estimated number of aberrant 4 : 4

. asic are given..

* different:if significant at .05 level.
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because only 2/3 of these events are observed. The results are in
agreement with the previous observations obtained by Ilamza et al.
(1987). The excess of 6c:2w asci in crosses with G;34 is at the
expense of the 5c:3w asci because Gzss impgses its NMS pattern on
the closely linked mutations and gives preferential conversion
toward the donor strand which is G234 in tﬂis case (Hamza et al.,
1986). The decrease in aberrant 4:4 NMS frequency in crosses with
G234 is also the result of the fact that Gz3s blocks the propagation
of the s&mmetrical h-DNA at its border towérd the high conversion
end of the bz gene (Hamza et al., 1981).

Ascus Analysis: Samples of intact asci with 4 oval : 4 round
ascospores were analysed in each series oﬁ crosses. A tolal of 45
and 38 abci of the type (5&:3w) were analgsed in the pgggéﬁ;ﬁof tﬁe:
crosses ?0F|§X|§E2E! with wild-type and §231, respectively. Both
colouredzand mixed pairs of spores were aéalysed. The genotype of

pairs of white spores was assumed to be FgFi16Xi1sE2E;.

The analysis showed that in crosses with wild-type, 15 types
of asci can be detected while in crosses with G234 only 9 types were
found (Fgg. 2, and Table 2). 1In all the asci tested Xis was found
to segreéatevpostmeiocically giving rise to 5c:3w asci. In crosses
with wil?-type, 7 types of asci showed a Mendelian segregation of
the double mutant FoFi1s, 4 types of asci showed a conversion of
FoF1s téﬁwild-type and 4 types showed a conversion to mutant. While
in crosses with G23u, only 3 types of asci showed a Mendelian segre-
gation of FoFis, 3 a conversion to wild type and also 3 types showed
a cénvefsion to mutant. In all types of asci, segregation of E2E1
was-obsérved (Fig. 2). At the DNA strand level, all possible

combinations of FoFie, X1s, E2"1 and their wild type alleles were

observed in both crosses with wild-type and G23s. The frequency of

different combinations ranged from 3.9-28.37 of postmeiotic segre-
gation events in crosses with wild-type and from 2.0-43.47 in crosses
with G3u (Table 3). ;
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Table (2): Distribution of

crosses FO Fl6 X

No.1l, 1989

different 5C :
15 Ex Ey

3% asci in the
with wild-type and G

231

Class of asci F, F¢ Xy 5 B, B, Fo Fig s X E, E,

+ o+ + $ox s + Géjh
N % abs N % abs
a 15 33.3 8.9 10 . 263 S.4
b 1 2.2 0.6 0. 0+0 0:0
c | 2.2 0.6 7 18.4 3.8
d 1 2.2 0.6 0 0°0 0+ 0
e 4 8.9 2.4 0O 0w 040
f 1 22 0.6 1 2.6 0.5
g 2 4.4 12 0 00 00
h 2 bl 1.2 3 7.9 1.6
i 2 b 1.2 0 0.0 0+ 0
j 3 6.7 1.8 1 2.6 0.5
k 6 13.3 3.6 4  10.5 2.1
1 2 b.b Vel s Ber- e 1.6
n 1 2.2 0.6 * 1 2.6 0.5
n 2 by 1.2 g. T2 4.5
o 2 1.2 0 . Q0 00

by

&

M, number of asci in each class ,

abs, the absolute frequency of each class of asci .
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Table (3) : Frequency of different spore genotypes in the
two pairs of spores implicated in the DNA dup-
lex interaction in the two crosses
F‘o FIG )(,5 EZ E‘, with wild-type and 6254 .

Cross Spore g=notype Frequency %
Fy Fig ;(,5 E, E, P FIG x15 £, B 29 12.8
+ + + + + ++"x151-:2£:‘ 7 3.9
: - 5 . XIS + + 8 l*cl"
o Fig Ay F 7 3.9
Fo FIG + E2 E‘ _ 51 285
Late ot Eply ..k e
taris ze & Y 48 26.7
Fo Fl6 + + + 21 Ik S
Yo Eigt15. 5 5 Fo Fig Xi5 B3 E LE S2¥hal
+ o+ + Gajl; + o+ xl5 52 E‘ ‘ 3 2 2.0
3ok )(‘5 Gajq 10 6.6
Po By x]5 ‘3251, 8 5.3
Fo Fie ¥ "B, B, 25 16.4
+ O+ + Ea E.“ 5 5aS
+ ¢+ ol
o Gygy 66 43.4
18 11.8

Y TiG. =%
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Hybrid DNA formation in the ba gene vas found to be polar wtth
a preferential initiation region toward the high comversion end to
the F region (Hamza et al., 1981). The eltenaion of h-DNA in the
bz geme was argued by Rossignol and Haedets (1980). These facts
support the assumption that when -elacuon for h-DNA formation at
X35 level was giade, the great majority o!i ! events cover both
FoF3g and E3E; sites. Previoos studies Ascobolus showed that
h-DNA is the obligatory intermediate of geme conversion and confirmed
that independent mismuich corrections appear alang the same h-~DNA
tract in the by gene (Kalogeropoulos and Mdignol. 1980). In the
present study. experiments were performed mutations which have
d:lfiuq!t conversional pathways (Hasting z_g.. 198(): Hamza et sl.,
1986). i

‘!li! %15 mutation was used to detect the meiotic events where
b-DNA was formed and persisted. The Sc:3w}asci reflect mainly the
asymtrtul h-DNA formation with ,F.,x“ggz, as the recipient DNA
duplex. Analyuo of 5¢c:3w asci led to ehqfolloumg conclusions:

1- all gossible cosbinations between FoFys| 15 and E3; were
observed.

Z-Thdcuctiuo!thuacmuinuci mmumugmd
for J h-DNA formation followed by. -Mcn correction leading to
either conversion or restoration of the mtm sites inpucaud
in the h-DNA stretch. !

3- The absence of some types of asci when crosses w!thtﬂd-type
and Gi3s are compared is in egreement with the properties of the
known conversional pathways. :

The present results as a uhiole show the impact of gene conver-
sion which occurs via H-DNA formstion and lgllouhg mismatch corree-
tion on intragneic muuu:y. Previous caam showed that hetero-
hplmémbe!orndgmwm‘strmdemm partial
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homologous but not identical sequences (Radding, 1978). Hetero-
duplexes can be prepared in vitro, transformed into living cells

and their in vivo correction can then be studied (Dohet et al.,1985).
These studies have been carried out with simple heteroduplexes carry-
ing one or a few nucleotide mismatches. Little is known about the
correction of more complex structures involving many nbncomplementary
nucleotides, this mechanism could be capable of generating consider-
able diversity. At the same time this idea can explain some of the
polymorphism in the eukaryotic multigene families. Correction of
complex heteroduplexes may be used as a practical means of engineer-
ing genetic variants. One of its interesting chracteristics is that
all features of the primary structure common to both parents are

conserved in the variants.

in higher eukaryotes, many sequences are only partially homo-
logoué and differ in many nucleotides. It has been often postulatedr
that they can undergo crossing over and gene conversion due to their
partial homology. If h-DNA is involved in any of these genetic
exchanges, it must be in the form of complex heteroduplexes. The
processing of these complex heteroduplexes has two interesting

implications:

1- It may be a source of considerable genetic diversity. At least
some variations could be attributed to gene conversion.

2- The correction of complex hetcroduplexes offer a mutational
mechanism capable of altering several nucleotides (amino acids)
in a single step in different sites of DNA duplex (polypeptide
chain). Such mechanisms can have important evolutionary signi-

{1tance.
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