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Cross experiments have been achieved among the wild type, the red type mutant and
the green type mutant in Porphyra yezoensis. Both the mutants were recessive to the
wild type. The heterozygous conchocelis between the red type and the green type mutants
was the wild type, indicating that the mutants complemented each other, and the yellow
phenotype newly appeared as a result of recombination between the loci of the red and
the green type mutants. Most of the F, thalli (92.9-99.5%) of the heterozygous con-
chocelis were sectorially variegated chimeral thalli composed of various combinations of
color sectors which arose from meiotid segregation. Conchospores are assumed to be
released during meiotic prophase to segregate haploid phenotype during their germination,

and this leads to the formation of variegated chimeral thalli in P. yezoensis.
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In recent years red type mutant thalli or
sectorially variegated chimeral thalli have
been found in cultivated populations and
laboratory cultures of Porphyra yezoensis
UEDA (MIURA 1984). KOBARA et al. (1976)
established the green type strain and ARUGA
and MIURA (1984) characterized the red type
and the green type strains of P. yezoensis.
KIKUCHI et al. (1979) reported chemical
nature of phycobilins of the color mutants
of P. yezoensis from our laboratory. ARUGA
and MIURA (1984) have made clear their
characteristics by comparing in vivo absorp-
tion spectra. Comparative studies on the
growth and photosynthesis of the mutants
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of P. yezoensis have been achieved (KATO
and ARUGA 1984). As to other species of
seaweeds, VAN DER MEER and his co-
workers reported the genetic studies on the
pigmentation mutants of Gracilaria (VAN
DER MEER 1977, 1978, 1979a, b, 1980, VAN
DER MEER and BIRD 1977, VAN DER MEER
and Tobp 1977) and a study of the life
history of Palmaria palmata with a pigmen-
tation mutant (VAN DER MEER and ToDD
1980). However, there has been no genetical
approach to P. yezoensis. Since the mutant
strains are useful markers for genetic studies
on P. yezoensis, crosses were performed for
an initial study in this species. We report
here the results of the crosses among the
wild type and the mutants.

Materials and Methods
The wild type strain (W, strain number

U-51) was isolated from a cultivated popula-
tion of Porphyra yezoensis at Ushigome,
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Kisarazu City, Chiba Prefecture, in 1974
and the red type strain (R, F-6) was estab-
lished from a red type mutant thallus
isolated from a cultivated population of P.
yezoensis at Shitazu, Futtsu City, Chiba Pre-
fecture, in 1974. The green type strain (G,
C-0 giant) was established by KOBARA et al.
(1976). Laboratory cultures of thalli and
conchocelis were carried out as described by
KAaTo and ARUGA (1984). Crosses were
performed by coculturing the marginal
pieces of different phenotype thalli. When
carposporangia were formed on the thallus
piece, each piece was separated and cultured
until carpospores were released. Carpospores
collected from the crossed thallus piece were
cultured in a petri dish and were separated
one by one when they grew into a concho-
celis colony 1 mm in diameter. Color types
of the progeny thalli produced from the
crossed conchocelis were determined with
thalli 0.5-1.5mm in length.

Results and Discussion

Crosses of the wild with the red and the
green types

To characterize the mode of transmission
of the mutants, the red type and the green
type mutants were crossed with the wild
type. In the cross experiments, we regarded
the thallus from which carpospores were
taken as female parent. Table 1 shows the
results of these crosses. In the cross be-
tween the red type mutant and the wild
type, F, conchocelis were of all the wild
type when the wild type was female. Some
conchocelis produced only the wild type
thalli, while others produced both the wild
and the red types in F, thallus phase. In
the reciprocal cross, when the red type
mutant was female, both the red and the
wild type conchocelis occurred. The red
type conchocelis produced only the red type
thalli, while the wild one segregated the
wild and the red types in F, thallus phase.

Table 1. Results of the reciprocal crosses of the wild with the red
and the green type mutants of Porphyra yezoensis. W, wild type; R, red
type; and G, green type. (* Female parent shown first.)

Cross* F; conchocelis F, thalli Putative cross combination
—W — W WXW (self.)
WxR
—W — W,R Wx R (cross.)
(chimeral thalli)
—R R R xR (self.)
R xW '
—W W, R R xW (cross.)
(chimeral thalli)
—G G GxG (self.)
G xW '
—W — W, G G xW (cross.)

(chimeral thalli)

Figs. 1-6. Various types of sectorially variegated chimeral thalli which arose from heterozygous
conchocelis in Porphyra yezoensis. Scale bar 30 ym in Figs. 1-3; 0.1 mm in Figs. 4-6. Fig. 1. A two-
sectorial chimeral thallus composed of the green and the wild type sectors arisen from the hetero-

zygote of the wild and the green types.

Fig. 2. A three-sectorial chimeral thallus composed of the

green and the wild type sectors arisen from the heterozygote of the wild and the green types. The
green type sector is repeated. Fig. 3. A three-sectorial chimeral thallus composed of the yellow, the
red and the green type sectors from the apex to the base of the thallus arisen from the heterozygote
of the red and the green types. Fig. 4. A two-sectorial chimeral thallus composed of the red and the



Cross experiments in Porphyra vezoensis 103

green type sectors arisen from the heterozygote of the red and the green types. Fig. 5. A three-
sectorial chimeral thallus composed of the green and the red type sectors arisen from the heterozygote
of the red and the green types. The green type sector is repeated. Fig. 6. A four-sectorial chimeral
thallus composed of the vellow, the wild, the green and the red type sectors from the apex to the
base of the thallus arisen from the heterozygote of the red and the green types.
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In the cross between the green type mutant
and the wild type, both the green and the
wild type conchocelis occurred when the
green type was female. Similar to the
prior cross, the green type conchocelis pro-
duced only the green type thalli, while the
wild type conchocelis produced both the
green and the wild types in F, thallus phase.
As P. yezoensis is monoecious, there is a
possibility of self-fertilization occurring in
the cross experiments together with cross-
fertilization. ~ Therefore, the conchocelis
which segregates color types in F,; thallus
phase is assumed to be a cross-fertilized het-
erozygote; the conchocelis which produced
only thalli of the maternal phenotype is
assumed to be a self-fertilized homozygote.
The heterozygous conchocelis formed in the
reciprocal crosses were all the wild type,
indicating that the mutants are recessive to
the wild type and inherit in a Mendelian
manner.

Though the heterozygous conchocelis seg-
regated only the parental color types in the
F, thallus, most of the thalli were sectorially
variegated chimeral thalli in which a single
thallus was zoned into different colors. Table
2 shows the color types and the frequencies
of the chimeral thalli occurred from the
heterozygous conchocelis. The frequencies
of the chimeral thalli were 97.4%(W (¢, XRs,),
94.3% Ry X W) and 92.9%(Gy X W) in
respective cross. Observed chimeral thalli
were as follows: two-sectorial chimera con-
“sisted of two different color types (Fig. 1);
three-sectorial chimera in which one of the
two color types was repeated (Fig. 2); and
four-sectorial chimera in which both of the
two color types were alternately repeated.

Crosses between the red type and the green

type mutants ‘

The heterozygous conchocelis formed in
the reciprocal crosses were all the wild type,
and segregated the red, the green, the wild
and the yellow phenotypes in F; thallus
phase (Table 3). The red type mutant and
the green type mutant are assumed to com-
plement each other because the heterozygous
conchocelis is the wild type in spite of the

Table 2. Color types and frequency of the
thalli developing from conchospores released by
the heterozygous conchocelis from the cross of
the red and the wild types (I), and by the
heterozygous conchocelis from the cross of the
green and wild types (II) in Porphyra yezoensis.
W, wild type; R, red type; and G, green type.

(1)

Color types Number of F, thalli

WxR* Rx W*
Single color thalli
W , 26 11
R 24 18
Chimeral thalli
W+ R 1019 338
W+R+W 280 77
R+W+R 316 61
W+R+W+R 2 0

Frequency of chimeral thalli WxR* 97.4%

RxW* 94.3%

()
Color types Number of F, thalli
G xW*
Single color thalli
w 186
G 114
Chimeral thalli
W+ G 2584
W+G+W 691
G+W+G 637
W+G+W+G 16

Frequency of chimeral thalli GxW* 92,99

* Female parent shown first.

fact that the mutants are recessive to the
wild type. Thus, the yellow type and the
wild type are regarded to be produced by a
recombination of the loci of the red type
and the green type mutants.

Chimeral thalli also appeared from these
heterozygous conchocelis. The frequencies
of the chimeral fronds were 99.5% when
the red type was female and 97.5% when
the green type was female (Table 4). Chi-
meral thalli produced from the conchocelis
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Table 3. Results of the reciprocal crosses between the red and the
green type mutants of Porphyra yezoensis. W, wild type; R, red type;

G, green type; and Y, yellow type. (* Female parent shown first.)

F, thalli

Cross* F, conchocelis Putative cross combination
—R R R xR (self.)
RxG
—W W,R,G,Y R x G (cross.)
(chimeral thalli)
—G G G x G (self.)
G xR
—W ——— W,R,G,Y G xR (cross.)

consisted of various combinations of the four
color types. Observed combinations were as
follows : the two-color type chimera composed
of two sectors and two color types (Fig. 4);
the repeated two-color type chimera con-
sisting of three sectors and two color types,
one of which was repeated (Fig. 5); the
three-color type chimera made up of three
sectors and three color types (Fig. 3); and
four-color type chimera made up of four
sectors and four color types (Fig. 6). The
number of chimeral sectors does not exceed
four. Though all possible combinations of
the four colors were observed among the
two-, three- and four-color type chimeras,
only two combinations of the red and the
green types, or the yellow and the wild
types (R+G+R, GH+R+G, Y4+WH+Y, W+
Y+W) were observed in the repeated two-
color type chimeras.

Each color sector of the chimeral thalli of
P. yezoensis is regarded as a haploid pheno-
type which arose from meiotic segregation.
If meiosis has been completed in the con-
chosporangium (MIGITA 1967, KiTo 1978),
the conchospore which produces a chimeral
thallus should contain two to four haploid
nuclei similar to the mosaic in Gracilaria
(VAN DER MEER 1977). However, P. yezoensis
produces only uninucleate conchospores (Mi-
GITA 1967, KiTO 1978). Provided that the
chimeral thalli should be produced from the
uninucleate conchospores, then we can
assume that the conchospores are released
during meiotic prophase to segregate haploid

(chimeral thalli)

Table 4. Color types of the thalli developing
from the conchospores released by the heterozy-
gous conchocelis from the cross of the red and
the green types in Porphyra yezoensis. W, wild
type; G, green type; and Y, yellow type.

Color types Number of F, thalli
RxG* GxR*
Single color thalli

R 3 4

G 1 20

Y 1 19

W 2 22

Chimeral thalli

R+G 401 1032
W+Y 138 340
R+Y 38 130
R+W 32 90
G+Y 12 46
G+W 33 120
R+G+R 92 265
G+R+G 61 311
Y+W+Y 24 73
W+ Y+W 15 71
R+G+Y 140 394
R+G+W 137 413
R+Y+W 134 410
G+Y+W 138 386
R+G+Y+W 0 2

Frequency of chimeral thalli RxG* 99.5%

GxR* 97.5%

* Female parent shown first.
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genotypes during their germination, and this
leads to the formation of variegated chimeral
thalli.

The chimeral thalli of P. yezoensis are
interesting because they are haploid but have
various phenotypes. The mechanism of the
formation of chimeral thalli is furthe to be
clarified for genetic analysis of the mutants
and also for the discussion of meiosis in P.
yezoensis.
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