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Monostroma, Caulerpa), brown algae (Dictyota, cladosiphon), . and red algae
(nrnni/nrin, E!{:‘-L::t.unr- D_ ] ria w

o T S Cipnyiayii]. Browi aigde Servea in the past as sources
of iodine and bromine for the chemical industry [2]. In coastal areas throughout
the \yor]d seaweeds such as Sargassum have been used as manure. In India,
?"urbmaria and Hypnea are used as manure for coconut plantations espe'cially

?]pjplications of these polysaccharides is presented in Table 1 (modified from

At preseot, most seaweeds are being harvested from naturally existing seaweed
beds, resulting in over harvested populations and slow regeneration which does
not meet the demand [7]. Several countries such as China, Japan, Korea, Chile,
Vietnam and India have adopted aquaculture mehods including pond culture,
on bottom culture, net culture and raft culture to augument production 8]
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for the improvement and better utilisation of algal resources has been mooted
[9]. The present review in an attempt to collate efforts made in this direction.

1. Seaweed Tissue Culture

In higher plant systems almost all of the existing technology in genetic engineering
hinges on the availability of consistently reproducible protocols for the in vitro
culture of cells, tissues or organs. A typical tissue culture cycle in higher plants,
which are characterised by a high degree of organisation and differentiation
into tissues and organs, consists of hormonal induction of dedifferentiation of
cells of an excised plant part (explant) to form a callus, and the redifferentiation
of cells of a callus to form a new plant. Higher plant cells are consequently
considered to be totipotent [10], i.e., possessed of the genetic potential to direct
the development of an entire plant from each cell of the organism.

Over the past couple of decades an increasing number of studies have dealt
with seaweed tissue culture. Chen and Taylors (1978) [11] work with Chondrus
crispus is one of the first such studies. Most subsequent research has been based
on phycocolloid producing algae such as Gelidium, Laminaria and Gracilaria
or edible species such as Porphyra, Eucheuma and Undaria. Because of their
aquatic habitat and unique chemical composition, seaweeds present
biotechnologists with problems which are quite different from those confronting
workers on higher plants. Polne-Fuller and Gibor (1978) [12] identify four specific
categories among the unique problems of algal tissue and cell cultivation as
reproduced below:

A. Obtaining clean tissue that is free of other organisms

The surface of seaweeds are heavily infested by various microbial and larger
epiphytes. Some of these organisms are embedded in cell walls and between the
living cells. This present an unique problem in seaweeds since their meristematic
cells are frequently located on the surface and will be damaged upon application
of chemical tleaning.

B. Dissociating the tissue to viable cells and protoplasts

Algal cell walls are composed of macromolecules which are more complex than
cellulose (the major molecule in higher plant cell walls), thus different enzymes
are required from those used for dissociation of hi gher plants. Few such enzymes
are available commercially.

C. Inducing divisions and regeneration of isolated cells and protoplasts
to form complete plants

Algae do not generally respond to the recognized hormones which effect the

development and growth of higher plants. Unfortunately, little in known about

specific factors controlling algal growth and differentiation.




Table 1 Seaweed Polysaccharides

Gigartina (radula)

a-D-glactose and 2,6-disulfated
1,4-linked pB-D galactose
backbone (minimal 3,6-
anhydro-f-D-galactose) (~ 35%
ester sulfate)

viscosifier

yaccharide Important Composition Important properties Selected Applications
raw material (genera)
(Mixtures of Gelidium, Gracilaria ~ Agarose = alternating 1,4 linked ~ Agaroses = Matrices for:
e and Gelidiella a-D galactose and 3, >-anhydro  * Gel aqueous solutions at low * Electrophoresis
yectin) Pterocladia a-L-galactose  hackbone concentrations * Immunoassays
Gracilariopsis (agarobiose) substitited with * Form ion dependent * Microbial and cell culture
Porphyra, Hypnea varying percent: ges of thermoreversible gels * Chromatography
methoxyl ester sulfat:andketal * Controllable electroendo- * Immobilized Systems
pyruvate groups simosis (EEO) * Baking icings
Agaropectin = alteriating D- * Minimal non-specific protein  * Jelly candies
galactose and L-galac tose units. reactivity * Canned meats
D-galactose can be sibstituted  * Significant degree of hysteresis * Dental impression media
by D-galactose-4-su phate, by  Agars = * Laxatives
4,6-0-(1 carboxy ethy idene)-D- * Gek aqueous solutions at low * Microbial culture matrix
galactose in certain ( :rminal concentration * Raw material for agarose
chain positions or e'en by D- * Form thermoreversible gels
. galactose 2,6-disulpl ate, while  * Relatively inest
part of L-galactos: can be * Significant degree of hysteresis
replaced by 3, 6 arhydro-l.- * Retain moisture
galactose * Resist hydrolysis by terrestrial
microorganisms
'Alginates Macrocystis 1,4-linked a-L-gulu onic acid * Ammonium and alkali metal * Frozen foods to maintain
Laminaria and B-D-mannurcnic acid salts are soluble in water, structure on thawing
Sargassum subunits in G.G, M.M. and whereas free alginic acid and * Baking icings
Turbinaria M.G. domains alkaline earth and Group III  * Salad dressings
salts are insoluble and can form  * Tabletting agent
gels *  Dental impression media
*  Bind water *  Textile sizing
* Matrices for immobilized
systems
P R Bt . I i A
>enans kappa and iota : * Thicken aquous systems : Iért?zenl d(esls;irllsi?:tla‘illizseer:s
Alternating 1.3-linke/| a-D- *  Suspend solids ocolate sl
galactose and 1,4 lin} ed 3,6- *  Bind moisture : Textunzer§ fc_\r l(_)W-ldl foods
anhydro-3-D-galacto i *  Stabilize emulsions * Low calorie jellies
backbone (carrabiose) * Control flow and texture * T(?othpaste binders
substitiuted with van ing properties of food systems *  Air freshners :
percentages of ester sulfate * High protein reactivity— * Personal care products
strong interactions with milk * Pet foods
proteins i
Euchenna (cottonii), ~ 4-sulfated on the ralactose * Form strong rigid .gels‘ with
Kappaphycus subunits (~ 25% este * sulfate) potassium and ca1c1_um ions
(alvarezii), Gigartina * Exhibit synel.'gy with locust
(radula) bean and konjac gums.
Euchema (spinosum) ~ 4-sulfated og the zalactose’ * Formelastic aqueous gels with
subunits and 2-sulfa:ed on the calcium ions
3,6-anhydrozalactos : subunits  * Exhibit synergy with locust’
(~ 32% ester sulfate’ bean gum and starch
* Suspend particulates ;
la- Chondrus (crispus) Alternating 2-sulfatec 1,3-linked  * Non gelling aqueous system

NVSIEWVN  8¢T

Ldojouyrarorg paompag

6£¢C



240 NAMBISAN

IC..IH C?llus lfldu'ction 'and plant l_‘egeneration in seaweed tissue culture
allus 't(.)_rmau.on is defined as the induction of a disorganised growth of ce]
(or dedifferentiation) in a differentiated tissue as a result of woundin [13] C"(;‘ e
structural and cellular organization of scaweeds differ significantly ffom h: hhc
plants. The plant body or thallus in macro algae has evolved three main t g
cellular organization viz filamentous, pseudo part:nchymatouyspes o
parenchymatous. Although these three levels of organisation can be found a and
m?mbers of all three division, most tissure culture work has been canielzil(:)l:lgl
’v[\‘/}l]th pseudS)parenf:hmatous and parenchymatous thalli (for review, see [14])
e case with which callus can be induced from an explant, or cultured u :
excision from the explants, seems to vary among members ;)f three divisi: i
Calluse§ rarely developed from mature sections of intact tissue of Chlorophyc N
mcml.)ers‘ but developed from the tissue sections in frequencies ofp2z1?)?;
(Laminariales) or 3-27% (Fucales) in Phaeophycean and 0.1-3% in Rhodophyceao
_m:lmbers [15]. The pote.ntial for callus development in seaweeds in sometimel;
:)nf cue];'lcedf by tl?allus thickness [14]: in the red and brown algae, development
- 11a us from intact explants has been mostly described in cases where the
a:l l(l/s is made up of sc?veral cells, while in green seaweeds such as Enteromorpha
:trli % flrva, the t'hallus is only one to two cell layer. In red seaweeds, callus may
i th(;rrrln i(;rt;;:al cells (e.g. Graci'lari'a verrucosa [16]), but more often arises
ki : ary cells. No ment_l?m in made in literature of the potential for
SRUIE Ho n mlcxplants from different areas of the thallus, and regeneration
PRPRL ofrfaw p anFs has rarely be.en reported in red seaweeds [14], with the
o 113 urencia sp. [17]. Unlike calli from higher plants, that induced in
e Ia lfac: mostly cease growth upon excision from the explant 141
i n P;'own seawef:ds too,'t.he medu!lary cells are associated with c‘allus growth
111.h owever unlike calli induced in red seaweeds, in some brown seaweeds
;a 1 have been .reported to resume growth upon excision from the explant (e.gj
argassum muticum [19]). Also, differences have been observed within different
parts of the thallus to develop a callus (e.g. blade > stipe > rhizoid) [20], possibl
related to tt‘le nutritional status of the cells involved [14]. Ahorsy.
Th? available information makes it difficult to explain why some calli can
]gr:"gt\:(/' t1il:)depegdent'ly of the explant while others cannot. In higher plant systems
e isn;:d.rrtla(;n;enance of a callus, as well as regeneration of plants from a
s [;een x 1a c: y hom.loneS'or. plant growth regulators [21]. Although there
i Seawee;;or ; suggesting the involvement of plant growth regulators [22,
s S, tkelr presence has not yet been unequivocally established. While
s increar;o; nown t9 respond to most hormones used in higher plant tissue
format{on i e lgrowth in Dtctyo.ta dichotoma cultures [24], or increased callus
b A et))(]p ants of Laurencia sp- [25], have been reported upon addition
ol ['}11 c:] extract of the respective alga. There is also sufficient evidence
micmorganisme ypothesis [26] that under non-axenic conditions surface
gt s s are lable to supply g.rowlh promoting substances to their “hosts”.
s y as 1953, Ericsson and Lewis [27] demonstrated the transfer of vitamins
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from bacteria to algac. Chandramohan in 1971 [28] showed that bacteria living
on the surface of Enteromorpha intestinalis could synthesize the growth regulator
indole acetic acid (IAA) from tryptophan. A clear case of bacteria contributing
to the ‘normal’ development of seaweeds was documented by Provasoli and
Pintner [29] and Tatawaki er al. [30], where Ulva and Monostroma developed
abnormally in axenic cultures grown in artificial seawater medium. The plants
regained normal morphology upon the addition of the bacteria which were isolated
from the plant. It has been speculated that the symbiotic association between
bacteria and algal host may induce the release of oligosaccharins from the plant
cell walls [14]. Oligosaccharins are often released in higher plants as a result of
fungal or bacterial attack and appear to be involved in defense as well as growth
regulation. [31].

Another notable feature of seaweed tissue culture has been that the conditions
under which callus has been obtained are quite variable and, in gerneral, the
occurrence of a callus cannot be attributed to any specific set of experimental
conditions [14]. This suggests that internal factors inherent to the explants are
more important than the culture conditions employed.

Aguirre-Lipperheide et al. [14] in their review, opine that the apparent success
in obtaining callus using tissue culture techniques in seaweeds should be
interpreted cautiously. Two points to be considered should be the percentage of
callus formed and the size of the calli. When compared to callus cultures of
higher plants, seaweed calli are generally slow growing and small in size (~1-3
mm) and the reaction to wounding often ceases after some weeks. Also, the
occurrence of calli in some seaweeds is sporadic and the percentages often very
low (< 2%) Consequently the suitability of callus derived from explants as a
basis for cell suspension cultures, (ivi vaaumpis, £2r sacondary metaholite
production) is debatable [14]. It has been demonstrated that under appropriate
conditions, seaweed polysaccharides can be produced by callus culture, including
agar from Pterocladia capillacea [32], but whether this would ever be a cost
effective production method for polysaccharides is doubtful.

1.2 Protoplast culture and somatic hybridisation in seaweeds

Protoplasts (plant cells devoid of their cell walls) have been isolated and cultured
in all the three classes of scaweeds. In the green seaweeds, the development of
callus has seldom been reported, but regeneration into a whole new plant has
been reported in many cases. In the brown and red seaweeds regeneration of
protoplasts into callus and into new plants is recorded in several species including
commercially important seaweeds such as Porphyra [19, 321, Gracilaria spp.
[9, 33] and Chondrus crispus [34] (for review, see [14]). It thus appears that this
technique is becoming well established in seaweeds. It is possible that this
behaviour might be connected with the fact that a protoplast represents the lowest
possible unit of eukaryotic cell organization, and thus it is easier to reprogram
growth from this point than in the case of a mass of walled cells with no clear
definition of structure. At present, protoplasts are more suitable for establishing
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;ilt]c;l:s[;cnsmn cn:jlture than callus derived from explants, and may have so
1al in secondary metabolite production, for 1 , -t
of Kappaphycus alvarezii have b 1 3¢ SRAR, PP Pt

: yeu. 2z een reported [35] to secrete ¢
fragments. It has also been su i : gL
gm s al ggested that if generation of viabl
that form cell walls and divide i R
S could be achieved reproducibl
‘ y and on

sca';‘elg etf;e protop_lasts could be used as seed stock for macroalgal culturea[éz;rge
i (l)lrsnl;): :ff cililsl o:j pfrfotoplasts permits the recombination of cytoplas.mg
widely differing origins. During the last decad i ‘
terrestrial plant protoplasts has been routi i s e

utinely achieved through either chemi
means or by electrical impulses. Hetero i i . piehe

' - Heteroplasmic fusions have been report
;‘rl; Ot’l:(e)stgreen seaweeds, suct! as, Ulva spp. [36], Enteromorpha spp. [35] asg
o br;?lr;zst spbp. [38']’}\ and in the red alga Porphyra spp. [39-44]. Fusion has
about either by the use of polyethyl . :

: _ : . ylene glycol [39-41] or by t
electrofusion technique [42-44]. Fusion efficiencies were found to 3‘iepen)£i (})lre\

[h concentr: tion and n l IC pr
. .
(] 4 a i ature 01 lcagClltS used tO ad ust the osmot p cssure ()f

2A. Geng Mapping and Sequencing in Seaweeds
- : : .
ungersr::a(::;isr:tge ?or the genetic manipulation of an organism is an adequate
of genome structure, sequence and i
i B 3 . gene expression. In seaweeds,
: polysaccharides which have simil i i
acids (they are precipitated b i ydames .
y ethanol at about the ' ic aci
<t : _ : same pH as nucleic acids
o \;eb ::;r:;]))hl\c&t‘ed the fsolatlon of DNA and RNA. Modified extraction protocol:
sufficiently pure for molecular applications such as restriction

?I‘!f‘f\v‘l!r\lnnhn Al vnntine

rane digostion, osu:l'.cm‘blot hybridizations and amplification via t
azﬁr:lzljtscmi:;lré r;;cgon (PCR), include C§Cl-gradient ultracgntrifugation [4;]]6,
piin o S [4'16], hydltoxyapatxte binding [47] or purification on
i s [48]. Slpce the viscous polysaccharides are released by grinding

quid nitrogen, extraction by softening cell walls using lithium chloride in a
prolgzdg:,sth? does not require grinding of tissues has also been reported [49]
PR s A ST oy hmpe s b i
been located, cloned and charactc:ris;dS [210] SAOT;6-SP ll.)mem ?HCOdmg i i

: p region around this gene

:;/lzscz;lls; z:?;in];;i Aand the gene order found to be identical to that detectegd in

Mo ug of lfvgrv'v’ort, tobacco and maize. The plastid gene for the
Sop ;10 - te(rjzmstzpztata‘has glso been isolated and sequenced [51].

e det.cctionpofpl())i\c;Athat nucleic acid analysis including restriction analysis

o ik e _sequence hon_lologics could help in furthering our

s §54] ;::;u;:z:(l;&l;i::i‘genetfli and evolutionary biogeography within

© 124 - ion of heterosis [55]. In phylogenetic analysis,

:Ezg;atssrtig; SS;(::;TT;{C; [Zomology determination among thep s:awgeeds have geesn

s [56], nuclcar‘sm'flll subunit rRNA genes [53], the plastid

et g for the larger subunit of ribulose-1, 5-bisphosphate carboxylase/

ygenase (RUBISCO) [57], nuclear genes encoding cytosolic and chloroplast
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glyccraldchydc-3-phosphale dchydrogenases (GADPH) [58], gene amplification
products [59], the B-tubulin gene [60], subunit 3 of cytochrome C oxidase 1611,
and small subunit rRNA (SSUrRNA) fronr the mitochondria. [62] Restriction
analysis of plastid DNA fragments has been used to determine relatedness in
red algal species [45]. In one study [63], this technique was used to prove that
two macroalgae previously thought to be distinct species were actually identical.
Nuclear DNA reassociation Kkinetics has also been used to determine inter- and
intraspecific variations in selected agarophytes and carrageenophytes [64].

3. Genetic Engineering of Seaweeds
Recombinant DNA technology has been effectively used for the improvement
of crop plants due to the availability of suitable plasmids and expression vectors,
such as the Ti plasmid of Agrobacterium tumefaciens [65], or viral vectors such
as Cauliflower Mosaic Virus [66], as well as methods of direct DNA delivery to
effect transformation such as electroporation, use of PEG, etc. [67], or using
microprojectiles [68]. One of the difficulties inherent in the application of
‘recombinant DNA technology to seaweeds has been the development of
appropriate selection markers, vectors and efficient transformation systems.
Of twenty one red algal genera studied [45), five were found to contain circular
ds DNA plasmids. Some of these have been isolated and studied, and one 3.5
kbp plasmid from Gracilaria lemaneformis Was sequenced to reveal two potential
open reading frames. In this species, plasmids are present in a high copy number
per cell and may provide useful vectors for algal transformation. The DNA
sequence and structural organization of the GC2 plasmid from the agarophyte
Gracilaria chilensic has heen determined [47]. This 3827 bp circular plasmid
has one major open reading frame that generates a transcript and could encoue
a 411 amino acid polypeptide.
It has also been suggested that recombinant viruses particularly the large ds
DNA viruses that are known to infect eukaryotic algae can be used as
transformation vectors for marine macroalgae [69].

4. Commercial Implication of Seaweed Biotechnology

The majority of commercial polysaccharide products have existed for years with
the same specifications and in general, companies are reluctant to alter those
long accepted extracts and blends, and the raw materials from which they are
recovered [6]. Also, since many seaweed polysaccharides are destined for human
consumption, they are therefore strictly regulated. For instance, in several countries
including USA, only carrageenans from specific seaweeds meet food ingredient
regulation, and this discourages the quest for new species as sources of raw
material. Consequently, the immediate impact of biotechnology in commercial
cultivation of seaweeds could possibly be the following:

(1) In the generation of sufficient amounts of selected strains of marine
macroalgae for cultivation: Currently about 25% of cultivated material is used
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for seeding the next crop. If consistently reproducible methods of generation of
plants from protoplasts are developed, these could be used as seedstock [6].

(2) In the use of DNA sequences or molecular probes to prove equivalence of
raw material: Because the species acceptable as sources have been identified
by name in the regulation, alternative, perhaps more abundant or easily cultivated,
species are often excluded, even though polysaccharide extracts from them may
be essentially identical [6]. A combination of molecular biology, refined analytical
methods such as NMR spectroscopy and traditional morphological taxonomy
will possibly produce a more appropriate list of acceptable raw materials [70].

(3) In the development of engineered polysaccharides in the non-consumables
markets: Genetically altered algae will present the same regulatory problems
that surround genetically engineered crop plants whose products are targetted
for human consumption. However since various polysaccharides are required

for industrial purposes, a cost-effective alternative may be obtained from
genetically engineered seaweeds.

Acknowledgements

The author is grateful to the Indian Council of Agricultural Research for a research
project entitled “Improvement of marine red and brown algae for enhanced
production of agar-agar and algin using tissue culture techniques” which provided
the necessary funding for work in this field. The encouragement and guidance

received from Dr. N. Kaliaperumal, Scientist, CMFRI, Mandapam Camp, Tamil
Nadu, is gratefully acknowledged.

References

Dawes C.J. 1987. In Seaweed Cultivation for Renewable Resources (Bird K.T. and
Benson P.H., eds.) pp. 155-190. Elsevier.

Rangan M.A. 1981. In The Biology of Seaweeds (Lobban C.S. and Wynne M.J., eds.)
pp. 589-622. Univ. of Calif. Press, Angeles. :

3. Chennubhotla V.S.K., Kaliaperuma, N. and Kalimuthu S. 1997. In Seaweed Research
and Utilisation in India (CMERI bulletin 41) pp. 26-30 CMFRI, Cochin.

Zilinskas R.A. and Lundin C.G. 1993. Marine Biotechnology and Developing Countries
(World bank Discussion paper No: 210) p. 29, The World Bank.

5. Bird K.T. 1995. Sea Technol. April, 58-62.

6. Renn D. 1997. Trends in Biotechnol. 15 (1) (156). 9-14.

Moss J.R. 1978. In Marine Plant Biomass of the Pacific North West Coast. (Krauss
R.W,, ed.) pp. 301-314. Oregon State Univ. Press, Corvallis.

8. FAO (1992) Aquaculture Production (1984-1990) (FAO Fisheries Circular No: 815
Revision 4) Food and Agricultural Organization of the United Nations, Rome.
Cheney D.P. 1984. In Biotechnology in Marine Sciences (Colwell R.R., Sinskey A.J.,
and Pariser E.R., eds.) pp. 161-175. John Wiley and Sons.

10. Haberlandt G. 1992. Acad. der Wiss. Wien., Math-Naturwiss. K1 111: 69-92.

oy TV OM and Tavlar AR A 107R (Can J. Bot. 56: 883-0886.

o A

B

IR ————

e

22,

23

24.

25,

26.
217.
28.
29,
30.
81

32.

23

34.
35
36.

3.
38.
39.
40.
41.
42,
43.
44.
45.
46.

47.
48.
49.

50.

Seaweed Biotechnology 245

Polne-Fuller M. and Gibor A (1987) in Seaweed Cultivation for Renewable Resources
(Bird K.T. and Benson P.H., eds.) pp. 219-239, Elsevier.

Yeoman M.M. 1987. Ann. Bot. 60: 157-174. |

Aguirre-Lipperheide M., Estrada-Rodriguez E.J. and Evans L.V. 1995. J. Phycol.
33: 677-688.

Polne-Fuller M. and Gibor A. 1987. Hvdrobiologia 151/152: 131-138.

Kaczyna F. and Megnet R. 1993. Hydrobiologia 268: 57-64.

Robaina R.R.. Garcia-Reina G. and Luque A. 1992 Bot. Mar 35: 267-272.

Saga N. and Sakai Y. 1983. Bull. Jap. Soc. Sci. Fish. 49: 1561-1563.

Polne-Fuller M. and Gibor A. 1986. Aquaculture 57: 117-1 23

Yan Z.M. 1984. Hydrobiologia 116/117: 14-16.

Davies P.J. 1987. Plant Hormones and Their Role in Plant Growth and Development.
pp. 681, Martinus Nijhott.

de Nys R., Jamerson P.E., Chin N., Brown M.J. and Sanderson K.J. 1990. Bot. Mar.
33: 467-475.

Zhang W., Yamane H. and Chapman D.J.1993. Bot. Mar 36: 257-266.

Schreiber E.1935. Planta (Berl.) 24: 265-275.

Robaina R.R., Garcia-Reina G. and Luque A. 1990. Hydrobiologia 204/205: 137-
142.

Libbert E. and Silhengst P. 1970 Physiol. Plant. 23: 430-487.

Ericsson L.E. and Lewis L. 1953. Ark. Kem 6: 427-442.

Chandramohan D. 1971. Indian Acad. Sci. Ser. B 73: 105-109.

Provasoli L. and Pintner L.J. 1980. J. Phycol. 16: 196-201.

Tatewaki M., Provasoli L. and Pintner 1.J.1983. J. Phycol. 19: 409-416.
Albersheim P., Darvill A.G., Augur C., Cheong J.J., Eberhard S., Hahn M.G., Marfa
V.. Mohnen D., O* Neill M.A., sipro M.D. and York W.S. 1992. Acc. Chem. Res. 25:
77-83

Chen L.C.M. Craigie J.S. and Xie Z.K.1994. J. Phycol. 6: 35-39.

Rellancer F.. Verdus M.C.. Henocq V. and Christiaen D. 1990. Hydrobiologia 204/
205: 527-531.

Le Gall Y., Braud J.P. and Kloareg B. 1990. Plant Cell Rep. 8: 582-585.

Zablackis E.. Vreeland V. and Kloareg B.1993. J. Exp. Bor. 44: 1515-1522.

Reddy C.R K. and Fujita Y. 1989. in Current Topics in Marine Biotechnology (Miyachi
S, Kurube I and Ishida Y, eds.) pp. 235-238 Toranomon Pastral, Tokyo.

Reddy C.R.K., lima M. and Fujita Y.1992. J. Appl. Phycol. 4: 57-65.

Zhang D. 1983. J. Shandong College of Oceanography 13: 57-65.

Fujita Y. and Migita S. 1985. Bull. Fac. Fish. Nagasaki Univ. 57: 39-45.

Dai J., Zhang Q. and Bas Z. 1993. Aquaculture 111: 139-145.

Fujita Y. and Saito M. 1990. Hydrobiologia 204/205: 161-166.

Saito M. and Fujita Y. 1991. Nippon Suisan Gakkai-shi 57: 919-925.

Mizu Kami Y., Kito H. and Okauchi M. 1993. J. Appl. Phycol. 5: 29-36.

Chen L. C-M., McCracken LR. and Xie Z.K. 1995. Bot. Mar. 38: 335-338.

Goft L.J. and Coleman A.W. 1988. J. Phycol. 24: 357-368.

Richards E. 1987. In Current Protocols in Molecular Biology (Ausubel F.M., Brent
R., Knigston R.E., Moore D.D., Seidman J.G., Smith J.A. and Stuhl K., eds.) pp.
2.3.1.-3, John Wiley and Sons.

Villemur 1990. Curr. Genet. 18: 251-257.

Mayes C., Saunders G.W., Tan .H. and Druehl L.D. 1992. J. Phycol. 28: 712-716.
Hong Y,-K., Coury D.A., Polne-Fuller M. and Gibor A. 1992. J. phycol: 28: 717-
720.

Kao J-S. Wu M. and Chiang Y-M. 1990. Gene 90: 221-226.




246

8l
32,
53.
54.
35
56.

57,
58.
59.
60.
61.
62.
63.

64.
65.

66.
67.
68.

69.
70.

NAMBISAN

Kao J-S. and Wu M. 1990. Nucleic Acids Res. 18: 3067.

Bird C.J.,, Rice E.L., Murphy C.A. and Ragan M.A. 1992. Phycologia 31: 510-522.
Saunders G.W. and Druehl L.D. 1992. J. Phycol. 28: 544-549.

Goff L.J. and Moon D.A. 1993. J. Phycol 29: 381-384.

Patwary M.U. and van der Meer J.P.1994. J. Phycol. 30: 91-97.

Van den Eynde H., De Bacre R. and De Wachter R. 1987. Arch. Int. Physiol. Biochem.
95: B 244,

Freshwater D.W., Fredericq S., Butler B.S., Hommersand M.H. and Chase M.W.
1994. Proc. Natl. Acad-Sci. USA 91: 7281-7285.

Liaud M.-F,, Valentin C., Martin W., Bouget F.,-Y., Kolareg B. and Carff R. 1994. J
Mol. Evol. 38: 319-327.

Saunders G.W. and Kraft G.T.1993. Can. J. Bot. 72: 1250-1263.

Liaud M.-F,, Brandt U. and Cerff R. (1995) Plant Mol. Biol. 28: 313-325.

Boyen C., Leblan C., Bonnard G., Grienenberger J,-M. and Kloareg B. 1995. Nucleic
Acids Res. 22: 1400-1403.

Leblanc C., Kloareg B., Loiseaux-der Goer S. and Boyen C. 1995. J. Mol. Evol. 41
(2): 196-202.

Bird C.J., Nelson W.A., Rice E.L., Ryan K.G. and Villemur R. 1990. J. Appl. Phycol.
2: 375-382. :

Kapraum D.F,, Bailey J.C. and Dutcher J.A. 1994. J. Appl. Phycol..6: 7-12.
Hernalsteens J.,-P,, Vliet FV., De Beuckeleer M., Depicker A., Engler G., Lemmers
M., Holster M., Van Montagu M. and Schell J. 1980. Nature: 287: 654-656.
Gronenborn B., Gardner R.C., Schaefer S. and Shepherd R.J. 1981. Nature 294: 773
776.

Potrykus 1., Saul M.V., Petruska J., Paszkowski J. and Shillito J.R.D 1985. Molec.
Gen. Genet. 199: 183-188.

Klein R.M., Wolf E.D., Wu R. and Sanford J.C. 1987. Nature 327 70-73.

Henry E.C. and Meints R.H. 1994, J. Appl. Phycol. 6: 247-253.

Chiovitti A., Kraft G.T., Saunders G.W.,, Liao M.,-L. and Bacic A. 1995. J. Phycol.

.V Arr
~ e v AU



	page 1
	page 2
	page 3
	page 4
	page 5
	page 6

