Nat. Hist. Res., Special Issue No. 3: 71-81. March 1997.

Genetic Improvement of Porphyra through Cell Culture
Techniques: Present Status and Future Prospects

Yuji Fujita and Uppalapati Srinivasa Rao?

! Laboratory of Algal Cultivation, Faculty of Fisheries, Nagasaki University
1-14 Bunkyo Machi, Nagasaki 852, Japan

? Graduate School of Marine Science and Engineering, Nagasaki University
1-14 Bunkyo Machi, Nagasaki 852, Japan

Abstract In recent years the application of non-conventional breeding techniques has greatly
contributed to the genetic improvement of crop plants. The available protoplast isolation and
regeneration methods in Porphyra, offer similar benefits in genetic improvement of the cultivat-
ed strains through somatic hybridization and cell culture techniques.

We have analyzed the intrageneric and intergeneric fusion product thalli for their biological,
biochemical characteristics and tolerance levels to the Pythium and Olpidiopsis disease. The
fusion product thalli were more similar to the parent P. yezoensis in their biological characters.
While, the pigment and amino acid contents of the intrageneric fusion products revealed the
hybrid nature. No apparent differences were found among the intrageneric fusion products in
tolerance against Pythium disease. However they showed relatively high tolerance against
Olpidiopsis disease. While, the intergeneric fusion product thalli have shown high tolerance
both against Pythium and Olpidiopsis disease.

This paper also considers the present status of the somatic hybridization and cell culture
techniques and envisages the future prospects of the application of these techniques for genetic

improvement of Porphyra.

Key words: Cell selection, electrofusion, disease resistance, Olpidiopsis, Porphyra, protoplasts,

Pythium, somatic hybridization.

The Porphyra farming industry in Japan
has made a rapid increase in the production
of ‘Hosi-nori’ in the recent years. Much of
this has been ascribed to the increasing
demand and introduction of highly produc-
tive strains through conventional breeding
and cultivation techniques. To date, these
improved strains were selected and have
been bred by directional selection of specific
lines among the progeny of the large and
vigorous fronds isolated from natural popu-
lations (Miura, 1984). Successful intra-
specific crosses (Miura and Shin, 1992) and
improved mutant lines (Imada and Abe,
1992) were also reported through conven-
tional breeding techniques. Plant improve-
ment by the conventional breeding tech-
niques is hampered by the rather limited
gene pool owing to sexual incompatibility
even between related species, and the time
scale of most breeding programs. While, non-
conventional techniques provide a novel

means of rapid identification and characteri-
zation of useful traits to complement and
supplement the very successful methods of
conventional breeding.

In the recent years, the cell culture tech-
niques proved useful in improvement of crop
species, are being applied to seaweeds for
similar benefits. Protoplasts provide an op-
portunity to combine novel genomes and a
medium for introduction of foreign genes.
They also offer an easy and less complex way
for selection at the cellular level. There are
more than 23 genera of seaweeds from which
protoplasts have been successfully isolated.
Even in Porphyra the techniques for success-
ful isolation and subsequent regeneration of
the isolated protoplasts were reported for
large number of species (Reddy et al., 1994).

The purpose of the present report is to
review the progress made and discuss the
future prospects for the application of these
techniques to the genetic improvement of
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Table 1. Present status of cell fusion and plant regeneration in Porphyra.

Fusion species

Results

References

P. yezoensis (X) P. yezoensis (green)
P. yezoensis (X) P. pseudolinearis %

P. yezoensis (X) P. tenera (green)

P. yezoensis (green) (X) P. suborbiculata
P. yezoensis (X) P. vietnamensis

P. tenera (X) P. suborbiculata

P. linearis (X) P. miniata

P. suborbiculata (X) P. tenuipedalis

P. yezoensis (X) Bangia atropurpurea

P. pseudolinearis (X) B. atropurpurea

P. yezoensis (X) Monostroma nitidum

Callus and thallus
Callus and thallus
P. yezoensis (X) P. haitanensis Callus

Callus and thallus
Callus and thallus
Callus and thallus
Callus and thallus
Callus and thallus
Callus and thallus
Callus and thallus
Callus and thallus
Thallus

Fujita and Migita (1987)
Fujita and Saito (1990)

Dai et al. (1993)

Araki and Morishita (1990)
Mizukami et al. (1995)
Matsumoto et al. (1995)
Matsumoto et al. (1992)
Chen et al. (1995)

Achiha and Nakashima (1995)
Fujita (1993)

Fujita (1993)

Kito et al. (1996)

Porphyra. No effort is made to provide an
exhaustive listing of the literature on the
subject, but rather to highlight the signifi-
cant developments. The application of cell
culture techniques for strain improvement
through somatic hybridization and cell line
selection of Porphyra are discussed.

Somatic Hybridization

Somatic hybridization gives a chance to
combine asexually two heterozygous ge-
nomes without meiotic recombination. This
is very important where there is a need to
pool resistance or qualities that are polygenic
and inherited quantitatively. Successful so-
matic hybridization involves, 1. Isolation and
regeneration of protoplasts, 2. Selection of
somatic hybrid cells or thalli, 3. Regeneration
of plants from selected somatic hybrid col-
onies, 4. Conformation of the somatic hybrid
nature.

The first successful interspecific somatic
hybridization and subsequent thallus regen-
eration between two color types of Porphyra
yezoensis was reported by Fujita and Migita
(1987). Since then, many attempts were made
on fusion and subsequent regeneration of the
fused products through intrageneric and in-
tergeneric somatic hybridization, using avail-
able suitable protoplast methods (Table 1).
Dai et al. (1993) demonstrated protoplast
fusion between P. yezoensis and P. haitane-
nsis. The hybrid cells divided and formed
callus-like cell masses, but no blade differen-
tiation was achieved. Chen et al. (1995) at-
tempted electrofusion between Porphyra lin-
earis and P. miniata, with the aim of obtain-

ing a hybrid with superior taste and texture
and with large frond size. The putative
hybrid cells divided and produced plantlets
with few cells which later died due to con-
tamination.

Araki and Morishita (1990) reported suc-
cessful intergeneric somatic hybridization
and subsequent regeneration of brown, green
and sectorially variegated chimeric thalli
from Porphyra yezoensis and P. tenera (green).
Mizukami et al. (1995) described hybrid-like
thalli form the monospores released from the
fusion product thalli of Porphyra yezoensis
(green) and P. suborbiculata (wild type) proto-
plasts. Matsumoto et al. (1995) inactivated
the P. vietnamensis protoplasts by treatment
with 5 mM iodoacetamide and fused them
with P. yezoensis protoplasts in an attempt to
develop high temperature resistant somatic
hybrids. Monospores released from fused
product thalli were cultured, and the regen-
erated fusion product thalli showed good
growth at 23°C. The loss of this trait in the
next progeny was observed. Achiha and Na-
kashima (1995) described the use of the resis-
tant nature of the P. suborbiculata to refrige-
ration (at —75°C for 6 days) for selective elim-
ination of regenerated sporelings and self
fused products of non-resistant P. tenuipeda-
lis cells from the fusion product population
of P. suborbiculata and P. tenuipedalis. The
presumptive hybrid thalli showed spinulate
processes in thallus edge and formed mono-
spores like P. suborbiculata while retaining
the broad linear-lanceolate shape of P. tenui-
pedalis. Matsumoto et al. (1992) described
the protoplast fusion and the development of
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Fig. 1. Six week old thalli of parents and F, progeny of P. yezoemsis and P. pseudolinearis. A,
P. yezoensis; B, P. pseudolinearis; C, PyPp-1; D, PyPp-2; E, PyPp-2G; F, PyPp-3. (Cultures were grown at
20°C and 80 zmol photon m %s ! (12:12 LD)), Scale bar=2 cm.
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Table 2. Characteristics of the parents and the intra and intergeneric F; fusion product progeny.

Species Form Pigment Monosp-ore Fertility ShE T

production (n)

Parents
Porphyra yezoensis (Py) Oblanceolate Dark purple + + 3
P. pseudolinearis § (Pp) Lanceolate Reddish purple = = 4
Bangia atropurpurea (Bg) Filamentous Dark purple + + 3

Progeny
PyPp-1 Oblanceolate Reddish purple + ~+ 3
PyPp-2 Oblanceolate Dark purple + + 3
PyPp-2G Oblanceolate Green + + 3
PyPp-3 Oblanceolate Dark purple + + 3
PyBg-1 Oblanceolate Reddish purple + + 3
PyBg-2 Oblanceolate Reddish purple + + 3

+; positive, —; negative after 6 weeks of culture maintained at 20°C and 80 zmol photon m~

Fig. 2. Five week old thalli of parents and
F, progeny of P. yezoensis and B. atropurpurea.
A, P. yezoensis; B, B. atropurpurea; C, PyBg-1;
D, PyBg-2, (Cultures were grown at 20°C and
80 zmol photon m 257! and 12:12 LD), Scale
bar=2cm.

F, thalli of Porphyra tenera and P. sub-
orbiculata. The fusion product thalli were al-
lowed to self fertilise, and the conchospores

251,

from conchocelis phase of these thalli regen-
erated F; thalli. The F,; thalli were elliptical
or linear lanceolate and non-serrated in com-
parison the fusion product thalli which were
round and non-serrated. The protein profiles
of the F; thalli were similar to those of the
parent P. tenera.

To our knowledge, the first time, inter-
phylum somatic hybridization and thallus re-
generation was reported by Kito et al. (1996)
who used protoplast fusion products of Por-
phyra yezoensis and the green alga, Monostr-
oma nitidum. A low heterokaryon frequency
and survival rates were observed in cultures.
The fused products regenerated into various
morphologically different thalli.

In an extension of earlier studies (Fujita
and Saito, 1990; Fujita, 1993), we have stud-
ied the biological and biochemical character-
istics of the F; thalli from intrageneric and
intergeneric somatic hybridization. Proto-
plasts isolated from P. yezoensis (Fig. 1, A)
and P. pseudolinearis (female) thalli (Fig. 1, B)
were electrofused and the fusion product
thalli were regenerated. For obtaining ho-
mogeneous thalli, protoplasts were isolated
from the fusion product thalli and they were
differentiated microscopically into wild and
green types. The fusion product thalli were
allowed to self fertilise and the conchospores
from conchocelis phase of these thalli, regen-
erated F, thalli. The F, thalli PyPp-1, PyPp-2,
PyPp-2G, PyPp-3 were analyzed for their bio-
logical and biochemical characteristics (Fig.
1, C-F). Non-variegated thalli with reddish
purple (PyPp-1 and PyPp-2), dark purple
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Table 8. Comparison photosynthetic pigment content and composition of the thalli of the parents and

the intra and intergeneric F, fusion product progeny.

Pigments* (mg per g. dry wt.)

Species
Chl Car PE PC Total PE/PC

Parent

P. yezoensis (Py) 7.20 2.00 48.5 24.2 81.9 2.00

P. pseudolinearis $ (Pp) 4.60 1.10 42,5 22.7 70.9 1.87%*

B. atropurpurea (Bg) 8.10 2.40 494 315 91.4 1.57%*
Progeny

PyPp-1 7.60 2.15 54.4 29.3 934 1.81

PyPp-2 7.18 1.70 42.1 23.7 74.6 1.78

PyPp-2G 6.80 1.70 30.3 28.1 66.9 1.08

PyPp-3 6.90 1.70 43.7 23.0 75.3 1.90

PyBg-1 7.00 1.90 46.0 23.5 784 1.96

* Chl: Chlorophyll, Car: Carotenoid, PE: Phycoerythrin, PC: Phycocynin.
** Laboratory cultured, all the remaining are field cultivated thalli.

(PyPp-3) or green (PyPp-2G) colored thalli
were regenerated. The F, thalli produced
monospores (unlike the parent P. pseudolinea-
ris), were fertile and retained the chromo-
some number (n=3), similar to the parent
P. yezoensis (Table 2).

The intergeneric somatic hybridization of
P. yezoensis (Fig. 2, A) and Bangia atropurpu-
rea (Fig. 2, B) protoplasts and subsequent
regeneration of F; fusion products were stud-
ied. The fusion product thalli PyBg-1 and
PyBg-2 (Fig. 2, C-D) were analyzed for their
characteristics. They produced monospores
and retained the chromosome number (n=3)
and were similar in thallus shape to the
parent P. yezoensis (Table. 2).

The F, fusion products were analyzed for
chlorophyll, carotenoids (Strickland and Par-
sons, 1972), and phycocynin and phycoery-
thrin (Tsuchiya et al., 1961) and were com-
pared with parents (Table 3). We observed
the chlorophyll-a and carotenoid content of
PyPp-1 were different from those of their
parents, while those of PyPp-2 and PyPp-
3 were intermediate. The phycoerythrin/
phycocyanin (PE/PC) ratios of PyPp-2 and
PyPp-3 were similar to those of P. pseudo-
linearis, and the thalli appeared reddish pur-
ple. The PE/PC ratio of PyPp-3 was interme-
diate and the thalli were deep purple in color.
A very low PE/PC ratio was observed in
PyPp-2G corresponding to its green color.
The pigment composition of the interge-
neric fusion product PyBg-1 was similar to

the parent P. yezoensis.

Contents of free amino acids of the F, prog-
eny were analyzed (Noda et al., 1975) using
amino acid analyzer (Japan Electric Comp.)
and compared with those of the parents.
Major free amino acids such as alanine, glu-
tamic acid and aspartic acid of PyPp-1, PyPp-
2 and PyPp-3 (except for aspartic acid) were
intermediate in content to those of their par-
ents. The rest of the amino acids were simi-
lar to the parent P. yezoensis. While, PyPp-2G
contained low amino acid contents (except
for alanine and glutamic acid) in comparison
to the parents. The intergeneric fusion prod-
uct PyBg-1 also showed alanine, glutamic
acid and aspartic acid contents intermediate
between those of their parents (Table 4). Al-
though an increase in some free amino acid
content over the parents was observed, this
may be ascribed to the slow growth of the F,
thalli (data not shown).

The thallus morphology of all the fusion
products were very similar to that of P. yezoe-
nsis, while the pigment and amino acid anal-
ysis revealed the hybrid nature of the F,
thalli. While the pigment and amino acid
content may reflect the genetic constituency,
their composition and quantity may depend
on the culture conditions (temperature, salin-
ity etc.). To further confirm the hybrid/
cybrid nature, the isolated nuclear and chlo-
roplast DNA of the parents and the F, prog-
eny were analyzed using random amplified
polymorphic DNA (RAPD) patterns with spe-
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Table 4. Amino acid analysis of the thalli of parents and the intra and intergeneric F, progeny (mg per
gram dry weight).

Amino acid Py Pp Bg PyPp-1 PyPp-2 PyPy-2G PyPp-3 PyBg-1
Ala 21.18 8.54 4.01 15.97 16.47 10.87 12.78 17.76
Arg 0.15 0.02 0.27 0.10 0.06 0.05 0.10 0.08
Asp 3.63 0.82 2.02 2.24 1.78 0.69 4.09 2.62
Cys 0.21 0.09 0.09 0.15 0.19 0.15 0.24 0.11
Glu 10.83 5.18 12.23 8.39 6.00 6.19 491 6.89
Gly 0.28 0.53 0.32 0.21 0.22 0.06 0.24 0.23
His 0.20 0.04 0.14 0.09 0.09 0.03 0.17 0.12
Ile 0.11 0.14 0.13 0.06 0.22 0.06 0.46 0.29
Leu 0.06 0.07 0.12 0.06 0.24 0.06 0.55 0:35
Lys 0.06 0.03 0.14 0.05 0.09 0.06 0.21 0.20
Met 0.03 0.02 0.03 0.02 0.01 0.04 0.03 0.03
Phe 0.09 0.05 0.15 0.05 0.11 0.15 0.30 0.74
Pro 0.44 0.12 3.14 0.28 0.29 0.19 0.35 0.18
Ser 1.55 0.44 0.62 0.99 0.52 0.09 0.70 0.28
Tyr 0.12 0.05 0.64 0.09 0.16 0.09 0.31 0.17
Thr 0.74 0.39 0.26 0.56 0.76 0.53 1.10 0.13
Val 0.23 0.23 0.25 0.17 0.35 0.14 0.63 041
Taurine 32.11 19.17 20.02 28.32 32.30 4.07 32.36 22.12
Ammonia 0.08 0.08 0.04 0.05 0.05 0.01 0.04 0.06

Py; Porphyra yezoensis, Pp; P. pseudolinearis, Bg; B. atropurpurea, PyPp-1, PyPp-2, PyPp-2G, PyPp-3,
PyBg-1; F, progeny.

o Ol H W -

Fig. 3. RAPD banding patterns of nuclear
DNA (CnCc primer) of parents and F,
progeny of P. yezoensis and P. pseudolinearis.
Lane 1, ADNA (Styl)+pUC19(Haelll); Lane 2,
P. pseudolinearis; Lane 3, P. yezoensis; Lane 4,
PyPp-1; Lane 5, PyPp-2; Lane 6, PyPp-3.

Fig. 4. RAPD banding patterns of chloro-
plast DNA (CnCc primer) of parents and F,
progeny of P. yezoensis and P. pseudolinearis.
Lane 1, ADNA (Styl)+pUC19(Haelll); Lane 2,
P. pseudolinearis; Lane 3, P. yezoensis; Lane 4,

cific primers (Kim, 1997). No variation was
observed in RAPD banding patterns of the F;

progeny nuclear DNA, and the banding pat- PyPp-1; Lane 5, PyPp-2; Lane 6, PyPp-3: Lane
terns were similar to their parent, P. yezoensis 7, ADNA (HindlIll/EcoR]).

(Fig. 3). Interestingly, the RAPD patterns of

the chloroplast DNA revealed genetically About thirteen diseases originating from
heterogeneous nature of PyPp-1, PyPp-2 and Porphyra thalli have been reported (Nippon
PyPp-3 which differed from parental banding Suisan Gakkai, 1973; Fujita, 1990). The con-
patterns, confirming the cybrid nature (Fig. taminated sheets lack lustre and are uneven
4) (Kim and Fujita, unpublished observa- and discolored in appearance. As these are
tions). the primary factors for fixing the quality and
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Table 5. Comparison of Pythium porphyrae and Olpidiopsis sp. infection levels between thalli of the

parents and F, fusion product progeny.

Infection sites per cm? (relative levels)*

Species
Pythium Olpidiopsis

P. yezoensis (Py) 24.8 (1.00) 2.2%x10%(1.00)
P. pseudolinearis % (Pp) 9.4 (0.37) 2.3X10 (0.01)
B. atropurpurea (Bg) +

PyPp-1 175 (0.71) 8.1 X102 (0.39)
PyPp-2 25.4 (1.02) 3.8x10°%(1.73)
PyPp-2G 20.8 (0.89) 2.3X10%(1.05)
PyPp-3 20.2 (0.83) 6.1 X102 (0.28)
PyBg-1 9.7 (0.39) 22.0X10%(0.10)
PyBg-2 10.5 (0.42) 5.0%x103%(2.27)

+; negligible, * infected thalli after 24 h (Pythium) and 48 h (Olpidiopsis sp.) in cultures at 20°C

60 ymol photon m~2s~! (12:12 LD).

the market value (Noda and Iwata, 1983), we
analyzed the F, fusion product thalli for their
relative infection levels to Pythium porphyrae
(red rot fungus) and Olpidiopsis sp. (chytrid
blight fungus) with the parent P. yezoensis
(Table 5) to look for hybrids with increased
disease resistance. The zoospore suspension
(1 m!) from the thalli infected with red rot or
chytrid blight were inoculated into the coni-
cal flasks containing the thallus segments
(1 cm?) and were cultured for 28 h or 48 h,
before the infection levels were calculated.
The relative infection levels of the F, fusion
products showed no marked decrease in red
rot infection levels relative to the parents,
but PyPp-1 and PyPp-3 showed relatively
low infection levels to chytrid blight com-
pared with the parent P. yezoensis. The inter-
generic F; fusion products PyBg-1 and PyBg-
2 showed very low infection levels to red rot
and chytrid blight in comparison to P. yezoe-
nsis.

Cell Selection

The cell selection methods have been ap-
plied for generation of herbicide resistance,
disease resistance, salt tolerance and amino
acid overproducing crop plants (Loh, 1992).
Using cell cultures, mutations can be induced
and a large number of cells can be manipu-
lated and selected using less complex selec-
tion methods. Since mutant cells can be se-
lected and regenerated into plants, cell selec-
tion through cell and tissue cultures should
give rise to commercially useful improved

strains.

As the field of Porphyra cell culture tech-
niques developed, similar approaches were
envisioned using cell selection strategies. A
review of the existing literature reveals some
attempts to recover and regenerate mutant
cells resistant to low salinity, higher temper-
atures, and with altered amino acid and
amino acid analogue contents. Masuda et al.
(1995) reported high temperature tolerance
of regenerated thalli obtained through cell
selection. The protoplasts selected at 24°C
showed, stable inheritance of high tempera-
ture resistance through three generations
(gametophyte).

Iwabuchi (1995) developed thalli with in-
creased growth at low salinity levels through
cell selection methods. The isolated proto-
plasts were subjected to selection pressures
at 14.4 ppt salinity and the thalli were regen-
erated from the selected cells. Protoplasts
were reisolated from the regenerated thalli
and selection was carried out at 17.2 ppt
salinity. These selected cells resulted in cell
lines with increased growth at lower salinity
over the non-selected thalli. The selected
lines were allowed to self fertilize and the
conchospores from the conchocelis phase of
these thalli regenerated F, thalli. Interest-
ingly, the inheritance of the low salinity re-
sistance trait was observed in these F, thalli.

Future Prospects and Conclusions

A review of the literature suggests that the
application of cell culture techniques to Por-
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phyra has had mixed success. Methods have
been developed for successful isolation,
fusion and regeneration of protoplasts and
cell lines resistant to temperature stress and
low salinity have been reported. Even
though the techniques of protoplast isolation
and culture are well established, there is a

Porphyra sp. Green alga

* Protoplast isolation

o O

* lodoacetoamide treatment

* Protoplast isolation

* X-ray treatment

® O
. PEEE |
D No division

Somatic hybridization

\

Somatic hybrid

Fig. 5. A schematic representation for asym-
metric hybrid production through somatic
hybridization.

need to improve somatic hybrid cell culture
techniques. An extensive review of the liter-
ature reveals the use visual identification of
the somatic hybrid cells, leading to mis-
identification of the fusion products. There-
fore it is very important to have a more
effective and reliable selection system based
on genetic complementation or biochemical
markers.

Kisaka et al. (1994) have demonstrated a
technique for asymmetric hybridization be-
tween rice and tobacco through protoplast
fusion. A similar approach holds great prom-
ise for transferring a few useful genes where
mixing of the entire genomes is not desired.
A scheme for asymmetric hybridization in
Porphyra to generate desirable cybrids is ex-
plained in Fig. 5.

To improve disease resistance in Porphyra,
one of the approaches is to select the parents
with disease resistance and transfer the traits
through somatic hybridization. Interestingly,
wild populations of Porphyra spp. posses
great variability in their infection levels to
Pythium porphyrae and Olpidiopsis sp. (Table
6). Although the results we have presented
are encouraging, the development of a dis-
ease resistant variety through somatic hy-
bridization seems difficult. Rigorous field
tests and quality assessment of the cultured
thalli can only reveal the stability of these
hybrid lines. A more detailed knowledge of
the infection mechanism and the related bio-
chemical and molecular changes will be
useful in developing a variety of Porphyra
resistant to red rot or chytrid blight.

As the induction and screening of mutants

Table 6. Comparison of Pythium porphyrae and Olpidiopsis sp. infection levels among Porphyra spp.

Species

Infection sites per cm? (relative levels)*

Pythium

Olpidiopsis

P. yezoensis
P. kinositae
P. lacerata

P. pseudolinearis

P. seriata
P. suborbiculata

P. suborbiculata f. latifolia

P. tenuipedalis

4.1x10% (1.00)
1.7 X 10" (0.04)
5.2X 102 (1.26)
2.4x10%(0.58)
+
1.7X10 (0.04)
+
+

1.4Xx10* (1.00)
4.1X10°%(0.29)
2.1x10* (1.50)
7.1X10 (0.01)

+

+

+

+

+; negligible, *infected thalli after 24 h (Pythium) and 48 h (Olpidiopsis) in cultures at 20°C, 60 zmol

photon m~2s7! (12:12 LD).
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Table 7. Amino acid composition and content of Porphyra spp. and B. atropurpurea (mg per gram dry

weight).
Species*
Amino acid
Pyc Pyw Pt Pp Ps Bg

Ala 12.06 15.53 8.44 8.54 5.99 4.01
Arg 0.13 0.04 0.07 0.02 0.06 0.27
Asp 2.05 1.91 1.29 0.82 0.98 2.02
Cys 0.13 0.08 0.08 0.09 0.08 0.09
Glu 11.40 5.83 4.60 5.13 5.37 12.23
Gly 0.30 tr 0.14 0.53 0.19 0.32
His 0.06 0.06 0.05 0.04 0.04 0.14
Ile 0.18 0.07 0.06 0.14 0.08 0.13
Leu 0.21 0.06 0.05 0.07 0.07 0.12
Lys 0.10 0.06 0.11 0.03 0.07 0.14
Met 0.03 0.01 0.02 0.02 0.03 0.03
Phe 0.13 0.26 0.03 0.05 0.05 0.15
Pro 0.13 0.11 0.05 0.12 0.11 3.14
Ser 0.27 0.20 0.58 0.44 0.14 0.62
Tyr 0.17 0.12 0.09 0.05 0.12 0.26
Thr 0.48 041 0.42 0.39 0.45 0.64
Val 0.34 0.14 0.15 0.23 0.16 0.25
Taurine 19.54 1461 10.63 19.17 14.23 20.02
Ammonia 0.12 0.02 0.05 0.08 0.04 0.04

* Pyc: Porphyra yezoensis (cultivated), Pyw: P. yezoensis (wild), Pt: P. tenera (wild), Pp: P. pseudolinearis,
Ps: P. suborbiculata (wild), Bg: B. atropurpurea (indoor cultured); tr:<0.01.

Table 8. Effects amino acid concentrations on
the protoplast regeneration of Porphyra yezoensis
(wild).

Relative regeneration rate (%)*

Amino acid
0.1 mM 1 mM 10 mM
Ala 88.1 89.3 90.4
Arg 81.8 112.8 53.9
Asp 93.0 94.3 81.7
Cys 30.7 0 0
Glu 119.5 120.0 92.7
Gly 65.6 97.5 130.0
His 81.3 90.8 1.8
Leu 66.6 85.8 57.9
Lys 106.5 98.2 73.7
Met 29.0 0 0
Phe 35.5 98.4 108.0
Pro 58.8 39.8 6.8
Ser 304 35.8 96.2
Tyr 65.0 31.3 19.3
Thr 57.9 53.6 34.1
Val 47.8 113.0 84.6
Taurine 133.9 132.8 56.7

* 63.0% regeneration on control f/2 medium
is taken as 100.

at the whole thallus level of multicellular
algae is difficult, totipotent single cells offer a
quicker and less complex route for screening
at the cellular level and thus finds an immedi-
ate application in the generation of improved
strains of Porphyra. It would be, therefore,
most desirable to intensify work on the gen-
eration of mutant cell lines that eventually
may be applied in different areas of Porphyra
breeding.

It has been assumed that the taste of the
Hoshi-nori is influenced by the content of
free amino acids and relative concentrations
of these to inosine 5’-monophosphate and
guanine 5’-monophosphate (Nisizawa and
Oofusa, 1990). The wild populations show no
desirable traits for amino acid composition
and quantity useful for transfer through cell
fusion techniques (Table 7). Alternatively, in
crop plants, the cell lines resistant to antibi-
otics and amino acids analogues were isolat-
ed (Widholm, 1972; Harms et al., 1982) and
have been applied for amino acid over-
producing cell lines (Hibberd et al. 1980). To
envisage similar benefits, Yamashita and
Fujita (1996) reported the preliminary re-
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sults evaluating amino acid concentrations
which inhibited growth of isolated proto-
plasts. Enhanced growth and development
was observed following the addition of a
wide range of amino acids at various concen-
trations in the culture medium, but me-
thionine and cystine at 1 mM and 10 mM
showed an inhibitory effect (Table 8). The
thallus regeneration was achieved from cul-
tured protoplasts which had been mutagen-
ized with ethyl methane sulphonate (EMS), in
the presence of inhibitory concentrations of
methionine (data not shown). These results
suggests the possibility of developing amino
acid overproducing Porphyra cell lines
through cell selection.

The application of genetic engineering to
Porphyra is still in its infancy. Kubler et al.
(1994) reported transient GUS expression in
the electroporated protoplasts of Porphyra
miniata. There is need for development of
stable shuttle vector systems for successful
introduction and expression of foreign genes
in Porphyra. We feel that the future for the
application of cell culture techniques for Por-
Phyra improvement will be both exciting and
intellectually challenging.

Acknowledgements

We wish to thank Dr. M. Numata, the Direc-
tor, Natural History Museum and Institute,
Chiba, Dr. M. Miyata and Dr. M. Notoya for
their invitation to present this paper at the
8th Natural History Symposium on “Present
and Future on Biology of Porphyra”

References

Achiha, H. and Y. Nakashima. 1995. Interspecific
hybrid of isolated protoplast between Porphyra
suborbiculata and P. tenuipedalis by electrofusion
method. Jpn. J. Phycol. (s6 rui) 43: 223-226.

Araki, T. and T. Morishita. 1990. Fusion of proto-
plasts from wild type Porphyra yezoensis and
green type P. tenera (Rhodophyta). Nippon
Suisan Gakkaishi 56(7): 1161.

Chen, L. C-M,, L. R. McCracken and Xie, Z. K. 1995.
Electrofusion of two species of Porphyra (Rho-
dophyta) protoplasts. Bot. Mar. 38: 335-338.

Daij, J., Q. Zhang and Z. Bao. 1993. Genetic breeding
and seedling raising experiments with Porphyra
protoplasts. Aquaculture 111: 139-145.

Fujita, Y. 1990. Diseases of cultivated Porphyra in
Japan. In Akatsuka, I. (eds.), Introduction to Ap-

plied Phycology, pp. 177-190. SPB Academic
Publishing, The Hague, The Netherlands.

Fujita, Y. 1993. Ryokuso oyobi kosd no shukan
zokukan no Saibou ytigd soOtai (Regenerated
thalli from intrageneric and intergeneric proto-
plast fusion in green and red algae). Kaiyo
monthly 27 (11): 6565-660. (In Japanese)

Fujita, Y. and S. Migita. 1987. Fusion of proto-
plasts from thalli of two different color types in
Porphyra yezeonsis Ueda and development of
fusion products. Jpn. J. Phycol. (s6 rui) 35: 201-
208.

Fujita, Y. and M. Saito. 1990. Protoplast isolation
and fusion in Porphyra (Bangiales, Rhodophyta).
Hydobiologia 204/205: 161-166.

Harms, C. T., J. J. Oeertli and J. M. Widholm. 1982.
Characterization and dominant expression of
amino acid analogue resistance markers in so-
matic hybrid cell lines of Daucus carota L.Z.
Pflanzenphysiol. 106: 239-249.

Hibberd, K. A., T. Walter, C. E. Green and B. G. Gen-
genbach. 1980. Selection and characterization of
a feedback-insensitive tissue culture of maize.
Planta 148: 183-187.

Imada, O. and T. Abe. 1992. Asakusanori tsubo-
jyoukin taisei hinshu no ikusei (Breeding of Olp-
idiopsis resistant P. tenera cultivar) Abstracts for
the 1st Marine Biotechnology Meeting, p.47.
May 1992, Shimidzu, Japan. (In Japanese)

Iwabuchi, M. 1995. Taisaib6é heni no riy6 ni yoru
sutoresu taiseishu no sakushutu (Cell selection
from the isolated thallus protoplasts for stress
resistance). Kaiyo monthly 27(11): 666-670. (In
Japanese)

Kim, B-K. 1997. Studies on the Random Amplified
Polymorphic DNA and Phycoerythrin Gene iso-
lated from the Chloroplast DNA of Porphyra ye-
zoensis and P. tenera (Bangiales, Rhodophyta), 91
pp. PhD thesis, Nagasaki University.

Kisaka, H., H. Lee, M. Kisaka, A. Kanno, K. Kang
and T. Kameya. 1994. Production and analysis of
asymmetric hybrid plants between monocoty-
ledon (Oriza sativa L.) and dicotyledon (Daucus
carota L.). Theor. Appl. Genet. 89: 365-371.

Kito, H., M. Kunimoto, Y. Kaminishi and Y. Mizu-
kami. 1996. Protoplast fusion between Chloro-
phyta and Rhodophyta and subsequent growth
of hybrid cells. Abstracts for the 2nd Japan-
Korea Joint Meeting and Symposium on Aqua-
culture, p. 28. Jul. 1996, Japan Aquacuture Soci-
ety, Shimonoseki, Japan.

Kubler, J.E., S.C. Minocha and A.C. Mathieson.
1994. Transient expression of the GUS reporter
gene in protoplasts of Porphyra miniata (Rho-
dophyta). J. Mar. Biotechnol. 1: 165-169.

Loh, W. H.-T. 1992. Cell selection. In Fowler, M. W.,
G.S. Warren and M. Moon-Young (eds.), Plant
Biotechnology — Comprehensive Biotechnology



Genetic improvement of Porphyra through cell culture techniques

Second Supplement, pp. 33-44. Pergmon Press,
Oxford. .

Masuda, K., A. Mizuta and K. Tanida. 1995. Nori
yotai purotopulasuto wo mochiita senbatsu
ikusyu (Selective breeding of Porphyra using iso-
lated thallus protoplasts). Kaiyo monthly 27(11):
655-660. (In Japanese)

Matsumoto, M, Y. Kawashima and H. Fukui. 1995.
Saibd ytgd ni yoru kdon taisei no dénya (Induc-
tion of high temperature resistance through pro-
toplast fusion). Kaiyo monthly 27(11): 677-682.
(In Japanese)

Matsumoto, M. Y. Kawashima and H. Tokuda.
1992. Saib6 ytgd ni yoru amanori rui no hinshu
kairy6 (Improvement of Porphyra through proto-
plast fusion). Abstracts for the 1st Marine Bio-
technology Meeting, p. 45. May 1992, Shimidzu,
Japan. (In Japanese)

Miura, A. 1984. A new variety and a new form of
Porphyra (Bangiales, Rhodophyta) from Japan:
Porphyra tenera Kjellman var. tamatsuensis
Miura var. nov. and P. yezeonsis Ueda form. nar-
awaensis Miura form. nov. J. Tokyo Univ. Fish.
71: 1-37.

Miura, A. and J-A. Shin. 1992. Saibai nori no shin-
hinshu “Gyouko” no ikusei (Breeding of a new
cultivar “gyoukou” of Nori). Abstracts for 1st
Marine Biotechnology Meeting, p. 46. May 1992,
Shimidzu, Japan. (In Japanese)

Mizukami, Y., M. Okauchi, H. Kito, S. Ishimoto, T.
Ishida and M. Fuseya. 1995. Culture and develop-
ment of electrically fused protoplasts from
marine red algae, Porphyra yezeonsis and P. sub-
orbiculata. Aquaculture 132: 361-367.

Nippon Suisan Gakkai. 1973. Nori no Byoki. (The
diseases of cultivated Porphyra)., 147 pp. Kosei-
sha Koseikaku, Tokyo. (In Japanese)

Nisizawa, K. and T. Oofusa. 1990. Aroma and taste
of dried purple laver (hosi nori). In Akatsuka, I.
(ed.), Introduction to Applied Phycology, pp.
191-198. SPB Academic Publishing, The Hague,
The Netherlands.

Noda, H., Y. Horiguchi and S. Araki. 1975. Studies
on flavour substances of ‘Nori’, the dried laver
Porphyra spp. II free amino acids and
5’-nucleotides. Bull. Jpn. Soc. Sci. Fish. 41(12);
1299-1303.

Noda, H. and S. Iwata. 1983. Nori seihin k6zyd no
tebiki. (A guide to the improvement of nori prod-
ucts). Japan Federation of Nori Cultivation and
Shellfish Farming Cooperative Associations, 297
pp. Tokyo. (In Japanese)

Reddy, C.R.K,, Y. Fujita and Y.P.S. Bajaj. 1994.

Somatic hybridization in algae. In Bajaj, Y. P. S.
(ed.), Biotechnology in Agriculture and Forestry,
Vol. 27. Somatic Hybridization in Crop Improve-
ment, pp. 483-502. Springer-Verlag, Berlin, Hei-
delberg.

Strickland, J.D.H. and T.R. Parsons, 1972. A Prac-
tical Handbook of Seawater Anlysis. Bull. 167.
310 pp. Fisheries Research Board of Canada,
Ottawa.

Tsuchiya, Y., S. Yoshio and S. Takashi. 1961. Stor-
age of dried laver at low temperature. Bull. Jpn.
Soc. Sci. Fish. 27(10): 919-933. (In Japanese)

Widholm, J. M. 1972. Cultured Nicotiana tobacum
cells with an altered anthranilate synthatase
which is less sensitive to feed back inhibition.
Biochim. Biophys. Acta 261: 52-58.

Yamashita, Y. and Y. Fujita. 1996. K6s6 susabinori
no purotopulasuto no hassei oyobi hasseitai no
seich6 ni taisuru aminosan no eikyo (the effects
of amino acids on Porphyra protoplast develop-
ment). Abstracts for the Autumn Meeting of the
Japanese Society of Fisheries, p. 72. Oct. 1996,
Fukuoka, Japan. (In Japanese)

wmptEELRcLd3 7/ UBDEE:
RKEBRE

BEHEE—Y « U. S. Rao?

D B REKEEE
2 R KF A ER AR
T852 RIATIXHEHET 1-14

WA, FEEYOSERBICBVWT, EROBE
Hifi & BRlOBREMOBHIC & > THRESEH > T
W3, 7=/ VETR7o NS5 2 AR o b
TSR OHERERIFESEBEHEILINATE
D, AR RER ISR & 5 BERE
DOEERARYEETHEEEZSND. AFE/ YD
Tl L GeRo 7o 75 2 F OREHEM 5D
BAEEBRIICHESh, 20%, 7=/ VBOEH
ol &3 M, BRI PR oAl MERT R
BHGshTVA, T/, HgEmiaR, BE, ESH
HBVWERTI/ B-TI/ BT o Rl oER
Ba @R T A HIMLEIRE SO ERTH B EEAI SN
%, MfSEREEIC & - TERmYE R MEE SR O B
PIBIREH S W TV 3. ARDCT AR R
LR EECL BT/ )V BOBEORIK RO
HEHICOWTEET 3,





