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Abstract Interspecific cross experiments between Porphyra yezoensis and P. tenera were per-
formed using their color mutant types as genetic markers. In reciprocal crosses, most of the F,
gametothalli developed from conchospores released from the wild-type F, sporothallus (con-
chocelis) became extinct at the four-cell stage with plastid collapse in the cells. A few uniformly
pigmented gametothalli and sectorially variegated chimeric gametothalli survived. As meiosis
of P. yezoensis and P. tenera is completed at four-cell stage of gametothallus (conchospore
germling), the extinction of gametothallus at the four-cell stage is considered to be possibly due
to some disorder at the meiosis. Therefore, the extinction of gametothallus is egivalent to
hybrid breakdown. This implies that the hybrid breakdown occurs not in sporothallic genera-
tion but in the gametothallic one in this interspecific cross. The survival gametothallus passing
through the hybrid breakdown is equivalent to breakthrough. Breakthrough individuals are
judged to be useful breeding material, and show that incomplete mechanism of reproductive
isolation exists between P. yezoensis and P. tenera. This suggests the reality of biological species

in genus Porphyra.

Key words:
yez0ensis.

Suto (1963) tried artificial cross experi-
ments between 5 species including 4 local
forms of genus Porphyra. Crosses easily oc-
curred in any cross combination of Por-
phyra species and local forms tested. The de-
scendants from intraspecific crosses grew
normally, while the conchospore germlings
(gametothalli) from interspecific crosses died
at 2 to 5 cell stage with great frequency; only
2 to 20 percent of the germlings survived.
The survivors either grew and matured nor-
mally or grew abnormaly in shape depending
oncross combinations. The abnormal gameto-
thalli were assumed to be “heteroploid”
nature, having haploid chromosomes from
the both parents together in their cells de-
spite no cytological obvervation.

Miura (1985), Ohme et al. (1986), Ohme and

breakthrough, hybrid breakdown, interspecific cross, Porphyra tenera, Porphyra

Miura (1988), Niwa et al. (1993) and Miura
and Ohme-Takagi (1994) performed inter-
specific cross experiments between wild-type
Porphyra yezoensis and color mutants of red,
green, yellow, violet, light red, light green
and light yellow-types. They revealed that in
P. yezoensis meiosis took place during con-
chospore germling stage, and thus the four-
cell conchospore germling was equivalent to
the ordered tetrad as in fungi Newurospora.
Conchospores released from homozygous F,;
sporothalli (conchocelis) developed into uni-
formly pigmented gametothalli being the
same as maternal color type. Those from
monohybrid sporothalli could theoretically
yield 6 types of sectorially variegated chime-
ric gametothalli and those from dihybrid, 36
types. By using these results, Miura (1985),
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Table 1. Results of reciprocal crosses between the red-type (T-5) in Porphyra yezoensis and the
green-type (T-8) in P. tenera. R, red-type; G, green-type; W, wild-type.

Cross* F, sporothallus

F, gametothallus

Putative cross combination

R

RXG
(T-5) (T-8)

GXR
(T-8) (T-5)

Chimeras
Extinct
germlings

Chimeras
Extinct
germlings

*Female parent shown first.

Ohme and Miura (1988), Miura and Ohme-
Takagi (1994) and Hamada et al. (1994)
showed linkage maps.

We performed interspecific cross experi-
ments between Porphyra yezoensis and P.
tenera using their color mutants as genetic
markers.

Materials and Methods

The gametothallus of the red-type mutant
(strain: T-5) of Porphyra yezoensis and of the
green-type (T-8) of P. tenera developed from
conchospores released from their respective
homozygous sporothalli were used in this
study. The method of laboratory culture and
artificial cross followed Ohme et al. (1986),
Ohme and Miura (1988), Miura et al. (1992)
and Miura and Ohme-Takagi (1994).

Results and Discussion

Table 1 shows the inheritance mode of
color types in the reciprocal crosses between
the red-type mutant (T-5) of Porphyra yezo-
ensis and the green-type (T-8) of P. tenera.

When the red-type mutant (T-5) of P. yezo-
ensis was female and the green-type (T-8) of
P. tenera male, both the red-type and the
wild-type F, sporothalli occurred. All of the
F, gametothalli developed from concho-
spores released from the red-type F; sporo-
thallus were red-type, and grew normally.
Most of the F; gametothalli developed from

the conchospores released from the wild-type
F; sporothallus became extinct at the four-
cell stage with plastid collapse in cells. Only
a few uniformly pigmented gametothalli of
the red-type, green-type, wild-type, as well as
a few sectorially variegated chimeric gameto-
thalli composed of those color types surviv-
ed. Fig. 1 shows the developmental course
and collapsing progress of plastids in cells of
the gametothallus developed from the speci-
fied conchospore released from the hetero-
zygous F; sporothallus in the cross of the
red-type (T-5) of P. yezoensis with the green-
type (T-8) of P. tenera. The plastid in the cell
of gametothallus collapsed successively from
the upper to the basal cell when the gameto-
thallus grew into the four-cell stage.

In the reciprocal cross, when the green-
type mutant (T-8) of P. tenera was female and
the red-type (T-5) of P. yezoensis male, both
the green-type and the wild-type F, sporo-
thalli occurred. All of the F, gametothalli
developed from conchospores released from
the green-type F, sporothallus were green-
type, and grew normally. Most of the F, ga-
metothalli developed from conchospores re-
leaesed from the wild-type F, sporothallus
became extinct at the four-cell stage with
plastid collapse in cells. Only a few uniform-
ly pigmented gametothalli of the green-type,
red-type wild-type, as well as a few sectori-
ally variegated chimeric gametothalli com-
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Fig. 1. Photomicrographs showing the developmental course of the gametothallus developed from
the specified conchospores released from the heterozygous F, sporothallus in the cross between the
red-type (T-5) in Porphyra yezoensis and the green-type (T-8) in P. temera. Numerals denote days
following conchospore release. Note the plastid in the cell collapsing successively from the upper to
the basal cell at four-cell stage after the fifth day. Scale bar=10 zm.

posed of those color types survived.

In the present reciprocal crosses, all of the
red-type and the green-type F, gametothalli
produced from theer respective parental
types continued to live. The red-type and the
green-type F; sporothalli proved themselves
as self-fertilized homozygotes like the case of
intraspecific crosses in P. yezoensis (Miura,
1985; Ohme et al., 1986; Ohme and Miura,
1988; Miura et al., 1992; Niwa et al., 1993;
Miura and Ohme-Takagi, 1994). Since the
wild-type F, sporothalli segregated into color
types in the F; gametothalli, they proved
themselves as cross-fertilized heterozygotes
like the case of intraspecific crosses in P.
yezoensts (Miura, 1985; Ohme ef al., 1986;
Ohme and Miura, 1988; Miura et al., 1992;
Niwa et al.,, 1993; Miura and Ohme-Takagi,
1994). Simultaneous occurrence of both the
homozygote and the heterozygote in F; spo-
rothalli occur because P. yezoensis and P.
tenera are both monoecious, making both
self- and cross-fertilization possible. As men-
tioned above, inheritance mode of color types
in interspecific cross between P. yezoensis
and P. temera is the same as that of in-
traspecific cross between P. yezoensis. Inter-
specific crosses between P. yezoensis and P.
tenera greatly differ from intraspecific
crosses between P. yezoensis in that it has a
very high frequency of extinction of individ-
uals in four-cell stage of gametothallus.

The yellow type gametothallus appeared
from the intraspecific cross between the red-
type and the green-type mutants in P. yezo-

Table 2. Frequency of color types in the
gametothalli resulting from conchospores
rereased from the heterozygous sporothalli
in crosses between the red-type (T-5) in
Porphyra yezoensis and the greentype (T-8)
in P. tenera. R, red-type; G, green-type; W,
wild-type.

Number of thalli

Color type
RXG* GXR*

Single-colored thalli

R 15 140
G 122 6
w 11 4
Chimeric thalli
R+W 2 3
G+W 1 —
G+R+G == 1
Extinct germlings 1675 15621

Frequency of chimeric thalli 0.16% 0.24%
Frequency of extinct germlings 91.7% 90.8%

*Female parent shown first.

ensis did not appear in this interspecific
cross; the reason remains unknown.

Table 2 shows color types in the F; gameto-
thalli resulting from conchospores released
from the heterozygous F, sporothalli in inter-
specific reciprocal crosses between the red-
type (T-5) of P. yezoensis and the green-type
(T-8) of P. tenera.

In the interspecific crosses, F; gametothalli
ceased cell division at their four-cell stages,
becoming extinct individuals with a high fre-
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Fig. 2. Photomicrographs showing the developmental course of the single-colored gametothallus
survived among the gametothallic germlings most of which were extinct at the four-cell stage. This
gametothallus developed from the specified conchospore released from the heterozygous F,
sporothallus in the cross between the red-type (T-5) in Porphyra yezoensis and the green-type (T-8) in
P. tenera. Numerals denote days following conchospore release. This gametothallic germling is a
breakthrough. Scale bar=10m in 1 to 4; 20um in 5 to 7; 50 z m in 10.

quence of collapsing plastids. The frequency
of extinction of gametothalli was 91.7% in
the cross between the red-type (T-5) of P.
yezoensis and the green-type (T-8) of P. tenera,
and 90.8% in T-8 X T-5. The appearance fre-
quency of sectorially variegated chimeric
gametothalli was 0.16% in T-5XT-8 and
0.24% in T-8XT-5. These frequencies are
extremely low compared with those frequen-
cies reaching upward of 90% at all times in
intraspecific reciprocal crosses between the
red-type and the green-type of P. yezoensis
(Ohme et al.,1986). Only 3 of a possible 36
types of sectorially variegated chimeric game-
tothalli were observed in these interspecific
crosses. The survivors, not exceeding 10%,
grew and formed reproductive cells. Figure 2
shows the developmental course of the uni-
formly pigmented gametothallus of wild-
type survived among the gametothalli most
of which became extinct at four-cell stage.
The results show that the event of extinc-
tion at four-cell stage of F; gametothalli pro-
duced from heterozygous F; sporothalli in
interspecific crosses between P. yezoensis and
P. tenera is equivalent to hybrid breakdown
(Dobzhansky, 1970; White, 1978; Grant,
1981). Meiosis of P. yezoensis and P. tenera is
completed at the four-cell conchospore germ-
ling stage (gametothallic phase) (Ma and

Miura, 1984; Ohme et al, 1986; Ohme and
Miura, 1988; Tseng and Sun, 1989; Miura and
Ohme-Takagi, 1994). In the interspecific
crosses between P. yezoensis and P. tenera,
hybrid breakdown occurs not in the sporo-
thallic (haploid) phase but in the gametotha-
llic (diploid) phase. Thus, the hybrid break-
down in gametothallus is considered to
bedue to some disorder at the meiotic stage
(van der Meer, 1987; Cole, 1990); consequent-
ly, the survival gametothallus passed thr-
ough the hybrid breakdown is equivalent to
the breakthrough (Hadorn, 1945). Break-
through is judged to be a useful genetic var-
iation in breeding material (Shin and Miura,
1995; Shin et al., 1996). Furthermore, hybrid
breakdown suggests that incomplete mecha-
nism of reproductive isolation exists between
P. yezoensis and P. tenera, which is the reality
of biological species (Mayr, 1966, 1982, 1988;
Mayr and Ashlock, 1991) in genus Porphyra
as well as other red algae (Guiry, 1992).
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