Journal of National Fisheries University

46 (4) 197201 (1998)

Use of minisatellite probes for DNA

fingerprinting of cultivated laver
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Two probes known to allow DNA fingerprinting in mammals, wild type MI13 phage DNA and

Jeffreys' human minisatellite sequence (myo probe), were examined for their ability to reveal DNA varia-

tion in two laver cultivars. Hybridization of the laver DNA with both probes revealed distinct hybridi-

zation bands of high molecular weight restriction fragments. The hybridization patterns of restriction

fragments were slightly different between the two cultivars examined. These results suggest that

minisatellite sequences similar to M13 DNA and Jeffreys’ myo probe are involved in the laver genome,

and genetic variation among the cultivated lavers can be detected in the DNA fingerprints using these

minisatellite sequences,

1 Introduction

The red algae Porphyra yezoensis and P. tenera,
usually called "laver”, are important marine prod-
uects in Japan. Until now, many cultivars or culti-
vated species of laver have been isolated, stocked
and widely cultured in coastal farms. Laver
cultivars were, in many cases, discriminated from
each other on the bases of morphological, color and
growth characteristics. However, these characteris-
tics sometimes change under differing growth condi-
tions, which has resulted in some ambiguity in the
discrimination of laver cultivars. On the other hand,
biochemical means have been recently introduced for
the discrimination of laver cultivars or the identifi-

cation of sirains and species of Porphyra1~3).

DNA fingerprinting techniques based on restric-
tion fragment length polymorphism (RFLP) have
been recently applied to identify the species, strains,
cultivars and even individuals of various organ-
isms®®*~" The minisatellite DNA is a well known
probe used in Southern blotting experiments of
RFLP analysis.

Minigatellite DNA is composed of tandem ar-
rays of short core sequences and is scatiered
throughout the chromosomal DNA% ® Variation in
the number of core sequences provides numerous al-
leles, and therefore, reveals extensive genetic poly-
morphism. M13 phage genome DNA (M13 DNA)*

1.1 . 1hd the 33 base pair(bp) repeal sequence in

human myoglobin gene (Jeffreys’ myo probe)4' 812

are well known minisatellite DNA which allow fin-
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gerprinting in various animals and plants.

We previously reported that fingerprinting with
synthetic microsatellite probes was useful for the
discrimination of laver cultivars'>. In the present
study, we examine whether minisatellite sequences
derived from M13 DNA and Jeffreys’ myo probe are
useful for delecting genetic variation in laver

cultivars.

2 Materials and Methods
2.1 Algae

Porphyra yezoensis cultivar Noma and P. lenera
cultivar Oba-asakusa (Oba) were used for RFLP
analysis with minisatellite DNA probes. These algae
were produced by the Saga Prefectural Ariake Re-
search and Development Center and Fukuoka Fish-
eries and Marine Technology Research Center,
Ariake Institute, and were cultured at a sea farm in
Ariake Bay, Japan.

2.2 DNA extraction and hybridization

Protoplasts were prepared from thalll samples
(2 to 3g of wet weight, consisting of aboui 400 to
700 thalli shorter than 5cm in length) as described
previouslyM), They were lysed in lysis buffer (0.4AM
sucrose, 0.5% Triton X-100, 80 mM KCI, 50mM Tris-
HCI, pH 7.5). The lysate was filiered through a 40
um -mesh nylon gauze and centrifuged at 8,000g for
20min. DNA was extracted from the resultant
nuclear-rich pellet in exiraction buffer (0.IM NaCl,
5mM EDTA, 20mM Tris-HCl, pH7.5) by phenol
/'chloroform methods as described prcviouslyl?’).
DNA was precipitated in 2.5 volumes of cold etha-
nol, washed with 80% ethanol, vacuum-dried and
dissolved in 10mM Tris-HCl-1mM EDTA (pH7.5).

Approximately 12ug of laver DNA was digested
with 5 to 10-fold excess units of restriction enzymes
in a total volume of 150ul. The digested DNA was
extracted once with phenol/chloroform (1:D), once
with chloroform, precipitated with ethanol and dis-
solved in 1541 of 0mM Tris-HCl-lmM EDTA

(pH7.5) after being dried. DNA solution was loaded
onto 1.2% agarose gels and electrophoresed at 1 V/
em for 32 to 36hours with recirculating running
buffer using a peristaltic pump. Gels were stained
with ethidium bromide and photographed under UV
light, then deprinated in 0.25M HCI for 15min, dena-
tured in 0.5M NaOH.”1.5M NaCl for 20min and neu-
tralized in 0.5M Tris-HCI (pHT7.5).71.5M NaCl for
20min, DNA was transferred from agarose gel to
nylon membrane by Southern bloiting in 20%SSC.
The membrane was hybridized with minisatellite
probe which was labeled with {luorescein-11-dUTP
using  the ECL-labeling
(Amersham Co., UK). After hybridization, the
membrane was washed in 6 M urea-0.4% sarcosyl-

Amersham system

0.5% SSC for 10min at room temperature, then twice
in 2 XSSC for bSmin and followed by autora-
diographies. The procedures of DNA labeling and
chemiluminescent detection of labeled DNA followed
the ECL-labeling system (Amersham) manufac-

turer’s protocol.

2.3 Probes

Two probes, M13 DNA and Jeffreys’ myo
probe, were used in the present study. The M13
DNA was obtained as M13 phage mpl8 DNA from
Takara Shuzo (Kyoto, Japan). The myo probe was
isolated from plasmid pUC-myo, which was kindly
provided by Dr. Kominami, Department of Bio-
chemistry, Niigata Univ., School of Medicine,
Niigata, containing approximately 15 tandem copies
of Jeffreys’ 33-bp repeat sequencem of the human
myoglobin gene at the Sma [ site of plasmid pUC
19.

3 Results and discussion

Total DNA was extracted from cultivars Noma
and Oba, each of which was believed to belong to
the species of Porphyra yezoensis and P. tenera, re-
spectively. DNA was digested with resiriction en-
zymes Hae IlI, Mva | or Rsa I, transferred to
membranes and hybridized with M13 DNA probe or
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Jeffreys’ myo probe. As described in the materials
and methods section, the laver DNA was extracted
from protoplasts which were prepared from frozen
laver samples consisting of 400 to 700 thalli. There-
fore, hybridization patterns of the DNA revealed the
characteristics of cultivars or species rather than in-
dividuals thalli, Qur unpublished preliminary experi-
ments showed that the clearest resolutions of
restriction fragments were obtained using the re-
striction enzymes Hae 111, Mva I and Rsa 1 when 15
restriction enzymes were attempted (data not shown).
In addition, preliminary experiments revealed that
the fingerprints obtained with the above probes
were very similar between Noma and Saga-5. Saga-

5 is one of typical cultivar used in laver production,

M- 13
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Fig. 1 DNA fingerprints of laver DNA generated
with M13 DNA probe.
DNA was extracted from cultivars Noma
and Oba, digested with Hae III, Mva 1 and
Rsa 1, electrophoresed and hybridized with
wild type Mi13 DNA as probe. 1, Noma; 2,
Oba. Size markers on the left are given in
kb.

and is believed to be a cultivar of Porphyra
yezoensissimilaly to cultivar Noma (data not
shown). Therefore, only Noma was used in the com-
parison of DNA fingerprints with cultivar Oba
which is belived to belong to Porphyra tenera, in
the present study.

Fig. 1 shows DNA fingerprints of Noma and
Oba generated with MI13 DNA as a probe. Although
clusters of poorly resolved DNA bands are seen at
the low molecular weight regions, distinct DNA
bands of high molecular weight restriction frag-
ments can be seen in the patterns of both Noma and
Oba DNA. These high molecular weight bands pre-
sumably represent minisatellite loci in laver genomes.

The labeled DNA bands were rare in the high mo-
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Fig. 2 DNA fingerprints of laver DNA generated
with Jeffreys’ myo probe.
DNA of Noma (1) and Oba (2) were ana-
lyzed as described in Fig. 1 using Jeffreys’
myo probe instead of M13 DNA. Size mark-
ers on the left are given in kb.
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lecular weight region of the hybridization pattern,
which was probably brought about by the consid-
erably smaller genome size in laver than those in
higher animalslﬁ). The distict and thick 5.8kb band
was detected in the Hae III digestion of Noma
DNA but only faint 58kb band in Oba DNA,
whereas 9.8kb Mva I and 9.6 and 5.6kb Rsa I frag-
ments were seen in Oba DNA but not in Noma
DNA. These differences in hybridization pattern
may suggest that genetic variations occur between
Noma and Oba, which can be detected by the MI3
DNA probe. Fig. 2 shows hybridizaiton pattern of
Noma and Oba DNA, probed with myo probe. The
fingerprints of Rsa 1 and Hae Il digested DNA
were slightly different between Noma and Oba; the
5.8kb Rsa I and 7.8kb Hae 111 fragment were found
only in Oba DNA, suggesting that polymorphism of
laver DNA can be also detected with myo probe.
Because of the difficulty of artificial fertilization
in laver, we could not directly ascertain the inheri-
tance of the polymorphic DNA fragment appeared
in Fig. 1 and Fig. 2. However, we previously demon-
strated that DNA fingerprints obtained with
microsatellite probes were identical among several
laver samples which were identical in cultivar but
cultured and harvested in different ycarslg). There-
fore, we suggest that the DNA fingerprints shown
above are genetically significant and laver DNA
polymorphism can be detected with minisatellite se-
quences of M13 DNA and myo probe. It remains to
be solved whether these minisatellite DNA are prac-
tical for the diserimination of many laver cultivars
in fingerprint analyses. For this purpose, it will be
necessary to apply DNA fingerprinting to many

laver cultivars using minisatellite probes.
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