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ABSTRACT

The recently dex>eloped random amplified polymorphic
DNA technique was nmluated as n method for character-
izing isolates of the agarophyte Gelidium vagum Oka-
mura. Reaction conditions for single primer polymera.^e
chain reaction were optimized to obtain a high degree of
reproducibility of the amplified hands generated from pu-
rified G. vagum DNA. A total of 165 primers, inctuding
both (A + Ty and (G + Cyrich sequences, was screened
for DNA amplification using template DNA from a single
Gelidium isolate. None of the 45 (A + TJ-rich primers
was positive (i.e. band-producing). Of the (G + Cyrich
primers, 47 were positive, generating a total of 322 prom-
inent amplification products for DNA from 13 different
G. vagum isolates. Polymorphic DNA loci were detected
by 37 of the primers. Unweighted pair-group arithmetic
average cluster analy.sis (UPGMA) of the.%e loci was used
to group the G. vagum isolates and thereby determine
which were most similar. G. latifolium, u.'ied as an out-
group for the UPGMA analysis, showed a high degree of
dissimilarity.

Key index words: amplification fragment length poly-
morphism; DNA amplification fingerprinting; Gelidium
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random amplified polymorphic DNA (RAPD); Rhodoph-
yta

Many marine red algae have similar haploid and
diploid morphologies with both phases growing in-
terspersed in the same habitat. Ihere exists the pos-
sibility that the two phases compete with each other
for resources. In such competitions, the diploid po-
tentially would gain an advantage over the haploid
through heterosis, i.e. from genetic heterozygosity
that allows its gene products to produce a more
"flexible" physiological response to environmental
challenges. Although this suggestion is plausible, the
existence of hybrid vigor is only presumed, based
on analogy with other organisms. It has never been
directly documented for a red alga. An attempt to
demonstrate heterosis in diploid sporophytes of
Gracilaria tikvahiae (Patwary and van der Meer 1983)
was completely negative, suggesting the possibility
that natural selection acting on the haploid game-
tophytes removes unfavored alleles that could oth-
erwise lead to heterosis in heterozygous plants. I he
scope of the experiment, however, was much too
limited to provide significant support for this sug-
gestion.

Gelidium vagum, a monoecious red alga with iso-
morphic haploid and diploid thalli, provides an in-
teresting opportunity to examine further the het-
erosis issue, rhis would be of interest, not only in
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connection with ititraspecific competitioti between
pha.ses, btit also with respect to usitig hybrid vigor
as a breeding strategy for obtaining more productive
algal strains for aquactilture. Because G. vagum ga-
nielophytes are monoploid as well as monoecious,
self-fertili/.ation yields completely homozygous .spo-
rophytes, which cotild be compared with hybrid
plants from crosses to measure the amount of het-
erosis generated by the heterozygous condition. One
can elitninate the time-cotisuming roitnds of sibling
crosses needed to establish inbred (i.e. nearly ho-
mozygous) lines when dealing with dioecious species.
Unfortunately, there is a small snag that needs to
be overcotiie when using G. ^'agitm in this fashion.
Although the formation of homo/ygotes is a trivial
exercise, self-fertilization cannot be prevented dtir-
ing crossing, and the identification of hybrid plants
within mixed progenies depends on the use of ge-
netic markers (vati der Meer 1987). For studies on
heterosis, any markers u.sed to select the hybrids
must be physiologically neutral so as not to com-
promise the outcome of the growth experiments.

Mutant phcnotypes, isoz.yme polymorphisms, and
DNA seqtiencc variations are all commotily tised as
genetic markers. Each has its strengths and weak-
nesses in specific applications. Induced mutations
have made excellent markers in some phycological
applications (Patwary and van der Meer 1982, van
der Meer 1987, van der Meer and Patwary 1991),
althotigh they require considerable time and effort
to characterize. The nature of the observable mu-
tation itself (loss of chlorophyll, excessive branching,
etc.) or the possible background presetice of unde-
tected secondary mutations generated by the mu-
tagencsis process severely limit the usefulness of vi.s-
iblf mutants for heterosis experiments. Isozyme
polymorphisms are potentially useful atid relatively
straightforward to detect; however, as genetic mark-
ers, they are generally limited to a small tiumber of
U)ci, tnatiy of which may be invariant witbin a par-
ticular population (Murphy et al. 1990).

With the advent of tiew molecular biological tech-
niques, there has been an increasing emphasis oti
the use of DNA characteristics as genetic markers,
Nattirally occurring variations in DNA can be de-
tected in a number of ways. The use of restriction
fragment letigth polytnorphisms (RFLPs) is well es-
tablished, and DNA-fingerprinting techniques, us-
ing either general or specific probes to detect hy-
pervariable loci, are also widely applied (Nybom
1991). Unfortunately, these techniques are expen-
sive and titne-cotistmiing and generally require stib-
stantial amounts of DNA for the analysis (Olsen 1990.
Baird et al. 1992, Horn and Rafalski 1992). Such
techtiiqties could be used to identify DNA markers
iti a stnall number of algal strains, btit they would
be demanding as a screening method for the ex-
atnination of a large number of platits (e.g. for de-
tecting hybrid plants iti a mixed population of G.
vctgum sporelings).

Recetitly, a tiew technique based oti the polymer-
ase chain reaction (PCR) (Saiki et al. 1988, Erlich
et al, 1991) was reported almost simultaneously by
three groups [Williams et al. 1990, as random am-
plified polymorphic DNA (RAPD): Welsh and
McClelland 1990, as arbitrary primed PCR: and Cae-
tano-Anolles et al. 1991 a, as DNA amplification fin-
gerprinting]. With this technique, single, short, oli-
gonucleotide primers of arbitrary sequence are used
to amplify anonymous regions of genomic DNA,
after which the amplification products are resolved
by gel electrophoresis. Although binding of the
primer and initiation of DNA synthesis may occur
in many places throughout the genome, atnplifica-
tion will occur only for regions of DNA that are
appropriately flanked by sequences complementary
to the primer, i.e, when the flanking sequences are
on opposite strands and reasonably near one anoth-
er (see Bassam et al. 1991, Caetano-Anolles et al.
1991b). Caetano-Anolles et al. (1991b) suggested
that a genetic marker revealed by this technique be
referred to as an amplification fragment length poly-
morphism (AELP).

Compared to other DNA techniques, detection
and use of AFLP markers is relatively fast, easy, and
inexpensive. Being a PCR technique, only a very
small atnount of target DNA is needed in each re-
action, many reactions can be amplified simulta-
neously in commercially available thermal cyclers,
and the reaction products can be resolved and doc-
umented quickly using gel electrophoresis and pho-
tography. AELPs have already been used, inter alia,
for mapping higher plant genomes (Weeden 1990,
Williatns et al. 1990, Halward et al. 1992), identi-
fying strains of bacteria (Welsh and McClelland 1990,
1991) and fungal pathogens of plants (Goodwin and
Antiis 1991), identifying ititer- atid ititraspecific so-
matic hybrids in tomato (Baird et al. 1992), genetic
fingerprinting of cocoa clones (Wilde et al. 1992),
tiotidestructive getietic diagtiosis of microspore-de-
rived Brassica embryos (Horn and Rafalski 1992),
atid finditig markers linked to a Pseudomonas-resh-
tance gene in tomato (Martin et al. 1991). Genetic
segregation of AELP markers has been examined
in diploid alfalfa (Echt et al, 1992), Considering its
strengths and past .successful applications, the RAPD
technique appeared to ofl"er a solution for obtaining
the "neutral"markers needed to characterize ge-
netically parental isolates and identify hybrids of G.
x'agum in preparation for the proposed heterosis ex-
perimetits.

We examined the applicability of the RAPD tech-
niqtieforG. x'agum. Eirst,aseriesof RAPD reactions,
using a variety of primers, were conducted to e.stab-
li.sh the characteri.stics of primers that initiated suc-
cessful amplification and to determine whether or
not any of these identified polymorphic DNA loci
in G. vagum. Next, the limited number of G. vagum
isolates in our culture collection, all from a few small
populations on the west coast of Canada, were ex-



218 MOHSIN U. PAI WARY K I AI..

kb M 0.25 0.5 1.0 2.0 3.0 4.0

0.93-

0.42-

Fir., 1. Ihe efTcrt ot Tflc/p')lymerasc (otKciitratioii on RAI'D
amplification of C, -,'agum. Amplifi<aliori rraitions ini liidcrl T̂)
ng of UNA Irom isolatr No. 12 and primer No. 100
(A rCCGG TCCG) at 0.2 MM. Produits from duplicate reattions
were resolved by eleclrophoresis through 1 .'i'/i a^;arose j(eK and
stained with ethidium bromide. Ihe numerals above the lanes
induate the units of Tnq polvmerase present in the respective
rcattiotis. rhe lane marked M is restri< tion en/yme S7\l-di^estcd
batterif)pha^e X 1JN.\. The lane marked kb indicates the si/es
(in kilobase pairs) of the A UNA fragments.

amined extensively to assess whether or nc)t they
eticompassed sufficient genetic variability to act as
starting plants for a heterosis study and, if so, to
identify the most divergent lines available for cross-
ing.

MArKRIALS AND ME 1 HODS

Independent isolates of Gelidium Togum Okamura were ob-
tained from (x>pulatioiis that are limited to Uc-nman and Hornby
islands in the Strait cjf (;e<)rgia. British Columbia, (".anada (Ren-
frew et al. I9S9). Thalli were cc)Ilectc-d from various sitc-s; fi-mtn
tips were thoroughly cleaned and treated repeatedly iti 0.2b7t
javex-12 (Colgate-Palmolive Canada Inc .. "Toronto, Ontario) in
distilled water, often followed by antibiotic treatment, utitil plants
were found to b<" free of contaminating orgatiisms under a ste-
reomicrc>*cc>j)e. The tips were grown in uiitiufferecf sterile sea-
water media (van der Meer anci Patwarv 1991) in the laboratory.
A total of 1.3 itidependent homo/ygous tetrasporophytic linc-s of
(t ragiim (obtained by selhng individual haploid gametophytes)
atid a clone of G lati/nlium (collected frotn northern Spain) we-re-
used in this study.

DNA was extracted from 5 g laboratory-greiwn fresh samples
by a methcKl similar tf) Doyle and Doyle (1990). The sam(>le- was
ground to a powder in licjuid nitrogen and immediately mixed
with 25-30 ml. 100 mM "Tris-IIC.I. pH H. 20 mM FUTA, 1.4 M
NaCI, 3'Jf cetyl trimethyl ammonium bromide, and 0.27, (v/y)
tf-mercaptoethatiol. The mixture was fro/en at -70° C for 30
min, thawed, anci inc ubated at CiO° C for 30 min with cKcasional
gentle swirling I he sample was extracted with an ecjual volume
of chlorciform-isoamyl alcohol (24:1) for 10 min anfl cetitrifuged.
The nucleic acids in the acfueoiis phase were prec i[)itated with %
volume isopropanol. pellete-d bv centrifugation. washed iti 707,
ethyl alcohol, vacuum-dried, and reclissc)|ved in 10 niM Tris-IKM
pH H and I mM FU IA. The sample was in<uf)ated at 37° C lot
10- 1 5 min and then ceiitrifuged. The solution, c c)ntaiiiing mostly
nuc leic ac ids and some low molec ular weight polysac c harides, was
removed Irom the tut)e by ()i]M-tte. leavitig Iwhind a pellet cotn-
posed largelv of polysace harides with some trapped nu< leu acids.

rhe UNA was further purified by (.s(.l gradic lit ceiitrilugatioii
(Rice and Bird 1990).

Oligcnleoxyribonuc leoticlc-sof 9 and 10 bases were used to prime
PCR reactions. Sixty 9-base primets (0970-01 to 0970-30 and
()9.'J.''>-0l to 09r>.̂ )-30) were obtained from Ur. Roland lirousseau.
Biotechnology Researc h Institute. National Reseaic h Council of
Canada. Four 1 0-base primers (C IC.A I (;(. lAC. (.CAACi-
TAGCr. TGG TCAC IflA, A C : G ( ; I ACAC I) were synihcsi/c-d
on a Milligen Biosc-arch UNA synlhesi/er, and anothc-r 101 prim-
ers (I-IOO and .A|>-4) wc-re obtained from Ui. )ohn F.. Carlson,
Biolec hnology Laboratory, University of Uiilish (iolunibia. ("an-
ada.

Typical amplifications were petfottned in 25-^11. volumes con-
(a in ing Tarj UNA polymerase hufler (BioCaii), I 00 /iM eac 11 deox-
yadenosine triphosphate, deoxyguanosine triphosphate, deoxy-
cytidine triphosphate, and deoxyribosyl thymine triphosphate
(Pharmacia), 0.2 IJLM primer, 2.') ng genomic DNA, and 1.0 unit
Tatj UNA polymerase (BioCan). "The amplifications were per-
formed in an Fricomp Twinblock temperature cycler pto-
grammed for 40 cycles of I min at 94° (', I min at 30° C (when
sc rec niiig pritners). or 3f)° C (in all othei expel inients). and 2 min
at 72° (.'.. Reaction products were separated bv c-lc c trophoic sis
ihrough 1.49f agarose gels and stained with ethidium biomide
(Maiiiatis et al. I9H2).

A data matrix was prc-|)arccl basc-d on ihe picsc iicc- or absence
of individual prominent bands jjenerated bv each pi iinei. and a
similarity matrix for all pairwise comparisons was calculated (Ta-
ble 2) tising the widely adopted Jaccard's coeflic ient, |ij = C.ij/
(ni + tij - Cij), wheie Cij is the nutnber ol cotiimon bands for a
pair of isolates, and ni and nj are the numbers of bands in i atid
j members o( the pair, respectively (Sneath and Sokal 1973). "The
(oc flic ietit values of I atid 0 indicate an idc-ntical tiiatc h atid
fomplcte dissimilarity, respc-c tively. A dc ncliogiam was con-
strue ted based oti the similarity tiiatrix data by applying I'PGMA
c lustc-r analysis (Nei 19H7) using the BM UI' pii>^i.iiii (KiiKelinan
et al. 1979)!

RK.SULI"S

' r h e first experiments were conducted lo optiti"ii/.e
PCR conditions for oiu" preparafions ol Criiiliiim
x'agitni DNA. Magncsiiim ("on("C'titrati()ns below 1.5
and above 3.0 mM, j^rimcr conrrntrat ions below 0.1
/iM, atul individtial clNTP (•on("cntratiotis below .'')0
^M failed to yield suflt(iciit atnplidcation. I'CwctMhan
30 ihernial cycles jjrovidcd itisuHicictit aniplifica-
tion, while more than 40 cycles did not sigtiificatilly
increase yield.

Aniplifu atioti of target DNA loci c)c( tirrc-d at all
testc-d Ta(j DNA polytncrasr (otuctitratiotis (Tig. I).
Vhv yield and cotnplcxity of atnplificd products were

relatively low at 0.2.') and 0.5 units of polymrrase
per 25-AiL reactic)ti. As th<' cjuatitity ol c-n/ytnc- was
increased to 4.0 units |)Cf rc-actioti, tnatiy aclditional
bands, fjoth promitutit atul faitit, bccatTU- c-vidctit.
This result suggests a competitioti between loci for
a limiting amoutit ofctizymo. Prc-stunably, some loci
are houtidcd by otic or two sitc-s that arc- less per-
fectly c"otn[)lcMiu-titary to the- pritncr than art- other
sites. I.oci boutuicd by thcsc^ former sites are at a
disadvantage when polymerase is limiting and are
c'fFtc ic-ntly amplified otily with ati c-xccss of c-ti/ytiic-.

If srcotidary bands arc- prodttcc-d inulc-r a condi-
tion of enzyme excess, then the addition of suHicicnt
DNA shottid overcome this cotiditioti. Whc-n 1.0
utiit of polytiu-rasc- anci varyitig cjuatit it ic-s of DNA
were* used iti statidatd atnplifications (Fig. 2), the
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I'lc.. 2. The efTect of DN.V concentration on k.M'U ani)ilili-
cation of G. I'agiim UNA. Uu|)licate ainplihcation reactions in-
cltidc-d 1.0 unit of Taij polvnierase. The nunuM als above the lanes
indicate the tnuiograms ol UNA present in the respective tc-ac-
tioiis. Other methods atul notatiotis ate t-xplained in the legend
to Figure 1.

secondary band fortnation observed with 2.3-40 ng
of DNA was suppressed with 80 tig. Pritner concen-
trations above- 0.20 nM enhaticed the production of
sotnc batids (Fig. 3) btif did not inipt"ovc' the clis-
c"ritiiitiatiot) of major !)ands frotn the backgroutul
sigtial.

A total of Ki.'i diffcMc'tit arbitrary prit"ners was
.screetu'd to idt-titily positive (bancl-pn")duc"itijT) pritn-
c-rs with the DN.'\ frotn a sdcx ted isolate of G. I'dgtn/i
( labk- 1). None of the prc'dotnitiatitly (.A 4- l')-rich
primers produced any amplified products from G.
vagum DNA. Iti cotittast, the- (G + C)-rich (^.'SOrO
ptitners wc-rc gc-tu-tally positive, each yic-lding frotn
1 to 12 bands (sĉ e examples in Fig. 4). There was a
positive corrc-latioti brtwccti the (G + C) cot"itctit of
a primc-t" atui the- likc-lihood that the pritnrr would
t>c" positive for band gfiu-ratioti (Table 1).

The 57 positive pritners idcMitificd during the fitst
screening were used to compare the bat"idit"ig pat-
terns of 1.3 G. vagum isolates atid to further cotnpare
these with rc-sults for G. latifoliuni. Tcti of the- pritn-
ers gave poor batul resolution; thus, results for these
primers were not included iti the analysis. Of the
rc-tnainitig 47 primers, 37 yielded polyniotphistns
atnotig t Iu- G. Tdgiiiii isolatc-s (322 loci were tcvc-alc-d.
ol which 117 were j^olytiiotphic; see examples in
Fig. 4), while* the others yielded monomorphic batid-
ing patte-ttis. Batiditig pattc-rtis ohtaitu'd for G. va-
giini and G. httijolium wc-tc- diflc-tc-nt for nc-atlv e-verv
jirinu-r te-stc-d. Tlu-sc re'sttlts (Table 2) arc sutntna-
ri/ed iti a cluster atialysis de"tidt"ograni (Fig. 5). Iti
this analysis, the' distatice* fn'twcen G. vagxtm isolates
vat"ic-d ftcitn ().!() to 0.31. Isolate-s sharitig gre'ate-st
sitnilarity grotipe-d ittto cltistc-is, (.'), 13, 12, 7, 128,
8, 16, 127) and (131, 132), while- othe-rs re-tnaitied
as itulividtial lineages (4, 130, atul 129). As exprcte-d
frotn the- raw data, G. tatifoliuin was only ve-ry dis-
tatitly cotitic-c"t(-(l to tlu- (•. (•ngitiii isolate-s.

DISCUSSION
Whe-ti ajjpropt iate- prc-cautiotis wc-tc- takc-ti iti con-

ducting the- RAPD pi"c)c"c-dut"c-, the- tnajor banditig
patic-t"t> tor a partictilai" (otiihiuatioti of ptitiie-t atid

0.93-

0.42-

Fic;. 3. The efTect of primer concentration on RAPU ampli-
fication of G. x'agum UN.\. The numeralsabove the lanes indicate
ihe primer ccmccMitration (MM) in the amplification reactions.
Other mc-thods and notations are described in the legend to
Figure 1.

lu")t"i"iO7ygous G. x'lipuw DN.\ was remarkably repro-
ducible, for re-plicate-s both in an experiment and
between experiments. Although none of the tested
{.\ + T)-rich pritners vielded at"iy an"iplificatioti prod-
ucts, sugge-sting that the-.se are inappropriate choices
for use- with G. r'agum DNA, atialysis of G. xagum
isolate-s usitig (G -I- C)-rich primers yielded a large
tumibe-r of pt^oniitient, often polymorphic bancis.
Clcarlv, the- R.\PD te-chnic]ue yields reproducible
banditig patterns for G. x'agum DNA. Moreover, the
high fVecjueticy of polymorphic bands suggests that
the isolates of G. vagum represented in our colle^ction
have- sufiicic-tit ge-nt-tic diversity for cc")tiductitig a
valid heterosis expe^ritnent.

By comparing many polymorphic loci through
cluster atialysis, we could not otily discerti the gen-
e-tal pre-sc-tirc- of genetic dive-rsit\ aniotig the isolates
bul also idcntilv spe-cihcally which platits were tnost
or le-ast sitnilar. The- dendrogram summarizing the
UPGMA analvsis ide-ntifie-s isolate-s 4. 129, and 130
as the gcne-tically most ciivcrge-tit G. x'agitm isolates
it! rc-latioti to isolates in the- core- cluste-r. These- re--
sults are- a useful guide for the selectioti of clivergetit
litie-age-s ne'eded to generate highlv heterc")/ygc>us
platits in crosses used to search for heterosis.

TMU> I. .Sirecniiig /IMIHCH /HI .\FI.I' m,irkcr\ in G. vagum.
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The results also suggest that the RAPD method
tnay be useful in discrimitiatitig algal species as well
as in determining relatiotiships withiti species. V'̂ ery
few similarities between the batiding patterns of G.
vagutn and G. latifolium were observed for any of the
primers. Some primers yielded sitnple tnotiomor-
phic pattertis for all of the G. I'agum isolates, which
were different thati the corresponding G. latifolium
pattertis. 'Thus, it is possible that specific subsets of
primers could be idetitified that would unec^uivo-
cally idetitify various Gelidium species. Siuh atialyses
might also be useful for discritnitiatitig between oth-
er difficult taxa in the Rhodophyta generally.

The large number of differences among isolates
revealed by the RAPD technicjue indicates that it
would be- possible- to establish a utiique "fingerprint"
for individual platits based on the combined results
generated from a small collection of pritners. Such
a fingerprint might be desirable as the basis for pro-
tectitig ititellectual property rights associated with
a specific strain of alga u.sed in aquaculture. Al-
though this is not curretitly an importatit issue, it
might becotne iticre-asitigly iT"npc:>rtatit iti the future
as genetically improved algae are ititroduced itito
cultivation, and methods of protecting against .sttaiti
theft need to be developed.

We* have found that the RAPD techtiic^ue requires
careful attetitioti to detail in execution and cautious
interpretation utitil sufficietit replicatioti has been
performed. The platit tnaterial should be clean and
as free as possible of cotitaininating organisms. Ex-
treme care tnust be taketi eluring the preparatioti of
reagetits anel atiipliBcation reactioti mixtures to pre-
vent contatnination or DNA carryover from one
vessel to atiother so as to reduce the possibility of
false positives or false negatives (Kwok 1989), Vari-
ation in efficiency of atiiplificatioti among heating
block wells iti the temperature cycler can lead to
variable results (Linz 1990). We fciund it necessary
to de-termitie*, iti prelimitiary experiments, which of
the wells in our temperature cycler provided repro-
ducible results, between wells in an experiT"nent and
from e-xperitncMit to experime-tit for each well (itn-
provetnetits in ne-\ve-r tiiodels of temperature cyclers
are reducitig this proble-tn). Optimizatioti of the re-
action conditiotis and ptnification cjf the DN.A tem-
plate by CsCl graciie-tit cetitrifugation also reduce-d
variability, but tbe latter may not always be possible
iti practice.

Minor bands produced by the RAPD analysis (Fig.
4) were much more variable iti exprt-ssioti atid thus
harder to score. It is probably better lo ignore .such
we-ak batids atid tise otily the* tnost protnitietit ones
as ge-tietic tiiarkers or as data for calculation of sim-
ilarity coefficients. Since some of the minor bands
may be products of notispecific pritnitig, the nutnber
of such batids may be reduced by using tnote- strin-
getit reactioti cotiditions atid/or thtcnigh the use of
formamide- (Sarkar e*t al. 1990) or te*tratiiethylatn-
motiium clilcjride (Hutig et al. 1990). Mitior batids
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Ftc".. 5. Clustering G vagum isolates and G. Intijotiiim (G. /.) by
UPGMA analysis of similarity matrix data. G. x'agum isolates fell
in closely related suhdusters (5. 13. 12. 7. 128. 8. 16. 127) and
(131, 132), and individual lineages (4, 130, and 129). Value abcne
the lines are distances between isolates or groups of isolates. Note
that C. tatijotium is only distatitly cotmecte-d (0.86) to the G. i-agum
isolates.

cat! also be reduced somewhat by maintaining an
apptopriate ratio of template DNA to Taq poly-
tnerase, so that the enzyme is present in limiting
amoutits atid thus less likely xo prime loci that are
not perfectly complementary to the primer.

Although the results we obtaitied in this study
dctnonsttate that the RAPD methodology is very
powerful for the-discritnitiation of G. vagum isolates,
the more getieral utility of the.se DNA polymor-
phisms as reliable genetic markers remains to be
determined in crosses. We have already noticed that
gametophytes and sporophytes derived by selfitig
these gametophytes do not always yield identical
batiding patterns (data not shown, experimetits iti
progress). We do noi yet know what this tneans.
Further experitnents are needed to determine
w"lie*ther sitch differetices derive from ati artifact in
the methodology, cotitamitiatioti iti the DN.'X sam-
pies, or some underlying biological phenomenon re-
lated to differences (e.g. methylation) iti the DNA
of gatiie*tophytes and spe^rophytes. We tne-tition it at
this titne only as a cautioti te") c">ther phycologists who
may be interested in usitig the RAPT) technique in
their studies. This research is among the first to test
the application of RAPD in phycology, and there is
still much to learti.
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