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Karyotypes and microfluorometric studies in Porphyra columbina
Montagne (Bangiales, Rhodophyta), with reference
to morphology and sexuality
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Resumen.- En la costa central de Chile se han registrado
diez morfotipos atribuidos a diferentes especies de Porphyra.
En este trabajo informamos del nimero de cromosomas y
resultados de estudios microfluorométricos en gametofitos
reproductivos de P. columbina. El material fue recolectado en
caleta Montemar (32°57°S - 71°33"W). Los ejemplares fueron
separados en dos morfotipos segiin morfologia, sexualidad y
patrdn caracteristico de distribucion de las células reproductivas
masculinas y femeninas: P. columbina (gametofitos monoicos
con distribucion entremezclada de manchones reproductivos
femeninos y masculinos); P. columbina f.1, (gametofitos
dioicos 0o monoicos con distribucion sectorizada de manchones
reproductivos masculinos y femeninos).

Los resultados obtenidos en P. columbina (n=20 gametofitos)
indican un nimero bésico haploide de cromosomas n=3,
excepto una fronda con 2 y 3 cromosomas en sus células. Los
resultados obtenidos en P. columbina f.1 (n=26 gametofitos)
demuestran un nimero haploide de cromosomas n=4, pero esta
condicién no es consistente, algunos gametofitos presentan
rangos de nimero haploide de cromosomas n= 3 y n=5. El
promedio de fluorescencia de DNA en células de
espermatangios y en células de zigotoesporangios, en ambos
morfotipos, presentd valores coherentes para haploidia y
diploidia, respectivamente. Comparaciones de valores de
fluorescencia de DNA nuclear entre espermatangios de P.
columbina y P. columbina f.1 mostraron diferencias
significativas (P<0,05).
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ADbstract.- Ten morphotypes attributed to different species
of Porphyra have been found in the central coast from Chile.
In this paper we report the chromosome number and
microfluorometric studies in P. columbina from Montemar,
Chile (32°57’S - 71°33’W). Reproductive gametophytes from
two morphotypes were separated by morphology, sexuality and
characteristic pattern distribution of reproductive cells: P.
columbina (monoecious interspersed male and female patches
distribution) and P. columbina f. 1 (dioecious and monoecious
sectorised male and female patches distribution).

The results of P. columbina (n=20 gametophytes) showed a
basic haploid chromosome number of n=3, except one frond
with 2 and 3 chromosomes in their cells. The results of P.
columbina f.1 (n= 26 gametophytes) showed a haploid
chromosome number of n=4, but the haploid condition was
found inconsistently in some fronds, having a chromosome
range from 3 to 5. Mean of nuclear DNA fluorescence of
spermatangia and zygotosporangia of both morphotypes had
coherent haploid and diploid values. Inter morphotypes
comparison of nuclear DNA fluorescence values in
spermatangia had significant differences (P<0.05).
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Introduction

The red algal species Porphyra columbina Montagne is
a common component of rocky intertidal habitats in
temperate waters of Chile. Dried species of Porphyra
(*“luche’) are used as food. During the last eleven years
the total annual average of Porphyra harvest has been
estimated to be 16,36 tons (90% of humidity) (Sernapesca
2005).

Species of Porphyra have traditionally been identified
on limited variation of morphological features of the
foliose thallus, such as shape, size, color, thickness,
sexuality and both macroscopic and microscopic patterns
of reproductive cells. Ten morphotypes attributed to
different species of Porphyra have been found in the
Central coast from Chile (Gonzalez & Collantes 2001),
one of these P. columbina Montagne has been registered
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under other names such as P. columbina f. kunthiana
Hamel and P. kunthiana Kutzing (Ramirez & Santelices
1991). Another similar morphotype has been registered
as P. columbina f.1 (Gonzélez & Collantes 2001).

In Porphyra, chromosome counts and karyotypes have
provided some evidence of species identities (Ishikawa 1921
fide Yabu & Tokida 1963, Coll & de Oliveira Filho 1977,
Mumford & Cole 1977, Krishnamurthy 1984, Avila et al.
1986, Kapraun & Freshwater 1987, Candia et al. 1990,
Wilkes et al. 1999). For the same purpose Lindstrom &
Cole (1992a, 1992b) have been also used isozymes,
morphology and chromosomes. Karyological studies and
cytophotometric estimation of inter and intra specific
nuclear DNA variations have been published by Kapraun
et al. (1991).

Karyological studies of the gametophyte and
conchocelis phases of P. columbina from the central
Chilean coast showed a haploid chromosome number of
n=3 and diploid chromosome numbers of 2n=6 (Candia
etal. 1990). These results added P. columbina from Chile
to the global karyological pattern of 26 species of
Porphyra n=3, and 14 species of Porphyra 2n=6 (Yabu
1975, Mumford & Cole 1977). In this paper, we report
the chromosome number and microfluorometric studies
in P. columbina and P. columbina f.1 with references to
morphology, sexuality and characteristic distribution of
reproductive patches.

Material and methods

Twenty gametophytes of P. columbina having
interspersed female (red) and male (yellow) patches
(monoecious) and twenty six gametophytes of P.
columbina f.1 (dioecious) and having sectorised female
(red) and male (yellow) patches (monoecious) (Fig. 1)
were collected during 2001 - 2002 from Montemar Cove,
Valparaiso Bay, Chile (32°57.381' S - 71°33.960' W) (GPS
— GARMIN etrex). Voucher specimens were deposited in
the Herbario del Museo de Historia Natural, Santiago, Chile
(SGO) (P. columbina SGO 155110 and P. columbina f.1
SGO 155111).

For chromosome counts, male reproductive cells were
selected from the yellow reproductive patches
(spermatangia). The cells were incubated 24 h in Provasoli
medium with 0.5% colchicine and transferred to 0.075
M KClI for 1 h. Material was fixed in 4:1 methanol: glacial
acetic acid for 24 h (Andras et al. 1999) and stored in
70% ethanol. Chromosomes were stained in Wittmann‘s
haematoxylin (Wittmann 1965), during 1h prior to squash
preparation. Chromosome numbers were counted in a

Nikon Labophot microscope equipped with a
photographic camera. Measurements and arrangement
of chromosomes for karyotype were made using the
software Image Pro-Plus 4.1.

For microfluorometric studies, spermatangia and
zygotosporangia were previously fixed and stained using
0.5 ug mL* DAPI, heating in adomestic microwave during
15 seconds (Goff & Coleman 1987, 1990, Han-Gu et al.
1994). DAPI fluorescence was examined using UV exciter
filters to produce peak excitation between 330-380 nm.
Observation of nuclear DNA was made using a microscope
Nikon Eclipse E-600 equipped with a video camera COHU
model 4910 connected to a computer. For measurements
of relative fluorescence intensity of DAPI-stained nuclei,
images were analyzed using the software Image Pro-Plus
4.1.

The data of DAPI-stained nuclei were recorded and
processed with Microsoft Excel. Data were analyzed,
using one-way ANOVA (0=0.05) and the statistical
software SPSS 11. Log,, (x+1) transformations were
performed prior to analysis with one-way ANOVA and
then tested with a test of homogeneity of variances
(Levine’s test). Untransformed data are presented in
figures and tables.

Results and discussion

The haploid number of chromosomes found in P.
columbina was n=3, except one frond with 2 and 3
chromosomes in their cells (Fig. 2a). The haploid number
of chromosomes found in P. columbina f.1 was n=4, but
in some of the fronds chromosome ranged from n=3 to
n=>5, (Fig. 2b and 3).

Mean of nuclear DNA fluorescence of spermatangia
and zgotosposporangia had coherent values in both
morphotypes, showing haploid cells and diploid cells
respectively. Intermorphotype comparison of nuclear DNA
fluorescence values in spermatangia showed significant
differences (P<0.05) (Tables 1 and 2). The two
morphotypes had monostromatic blades and similar shape,
but P. columbina f.1 was dioecious (Fig. 1a, b) and
monoecious (sectorised male and female patches) (Fig.
1c) whereas P. columbina was always monoecious
(interspersed male and female patches) (Fig. 1d).

The fluorescence intensity reported for both
morphotypes was related with the observed chromosome
number. The standard deviation (SD) of the relative
fluorescence intensity of P. columbina (n=3) was 101.64,
and for P. columbina f.1 (n=4, n=3 and n=5) was higher,
154.61 (Table 1). The two methods employed have been
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Figure 1

Morphology and characteristic distribution of reproductive patches in P. columbina and P. columbina f.1: a) P.
columbina f.1, dioecious female frond, b) P. columbina f.1, dioecious male frond, c) P. columbina f.1, monoecious
frond d) P. columbina, monoecious frond

Morfologia y distribucion caracteristica de manchones reproductivos en P. columbina and P. columbina f.1: a) P.
columbina f.1, fronda femenina dioica, b) P. columbina f.1, fronda masculina dioica, c¢) P. columbina f.1, fronda
monoica, d) P. columbina, fronda monoica
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Table 1

P. columbina and P. columbina f.1. Number of nuclei (N),
values of relative fluorescence intensity (mean and
standard deviation) and ploidy levels

P. columbina y P. columbina f.1. Numero de nacleos (N),
valores de intensidad relative de fluorescencia (media'y
desviacion estandar) y niveles de ploidia

N Mean Standard Ploidy
deviation

Porphyra columbina
Spermatia 582  258.88 101.64 n
Carpospores 342 57690 162.11 2n
Porphyra columbina f.1

Spermatia 21650 421.69 154.61 n
Carpospores 12100 948.69 335.74 2n

Table 2

P. columbina and P. columbina f.1. Comparisons of relative
nuclear DNA contents of spermatangia, One-way ANOVA
test (o=0.05)

P. columbina y P. columbina f.1. Comparaciones de contenido
de ADN nuclear de células de espermatangios. Prueba ANOVA
una via (0=0,05)

Sum of Degree of Mean square F p-level
squares freedom
Pe-Pcfl 25.548 1 25.548 721.622  0.000

complementary used in Porphyra studies by Kapraun et
al. (1991).

P. columbina and P. columbina f.1 showed differences
in frequency and percentage of the chromosome number
(Table 3, Fig. 4). The higher percentage of both species
represents the chromosome number assigned to each
morphotype. The increase or decrease of this last number
by one chromosome found in P. columbina f.1 can be
explained by aneuploidy effect (Jackson 1971) what
seems to be widespread in algae (Godward 1966).
Aneuploidy is considered as a sign of speciation in plants
and animals (Ayala & Kiger 1984). Candia et al. (1990)
discussed aneuploidy in morphotypes of the P. columbina
system from Central Chile; two of these P. columbina
morphotypes showed in the same plant spermatangia cells
with n=3, n=4 and n=5, although these authors did not
describe the morphological characteristics nor
reproductive patterns of the two mentioned morphotypes.

The histograms of P. columbina and P. columbina f.1
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Modal chromosome number in: a) P. columbina and
b) P. columbina f.1

NUmero modal de cromosomas en: a) P. columbina y b)
P. columbina f.1

Table 3

P. columbina (Pc) and P. columbina f.1 (Pc f.1).
Frequency (N) and percentage (%) of the chromosome
number in each plate in spermatangia

P. columbina (Pc) y P. columbina f.1. Frecuencia (N) y
porcentaje (%) del nimero de cromosomas en cada placa de
espermatangios

Species Chromosome o

Species number in each plate ’
Porphyra columbina 2 33 73
3 419 92.7
Porphyra columbina f.1 3 157 233
4 411 60.8
5 107 15.8

(monoecious and dioecious) (Fig. 4a and 4b) and P.
columbina f.1 (monoecious) and P. columbina f.1
(dioecious ) (Fig. 4c and 4d) showed chromosome
numbers in metaphase plates of spermatangia cells, both
having different chromosome numbers. In P. columbina
f.1 there were not significant differences in the
chromosome numbers of both monoecious and dioecious
fronds (P>0.05), both having similar histograms (Fig. 4c
and 4d).
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Figure 3

P. columbina f.1. Spermatia cells showing different haploid chromosome numbers. Circles show the
number of chromosomes

P. columbina f.1. Células de espermatangios mostrando diferentes nimeros haploides de cromosomas.
Los circulos destacan el nimero de cromosomas
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Histograms of the chromosome numbers in: a) P. columbina; b) P. columbina f.1 (monoecious and
dioecious); c) P. columbina f.1 (monoecious); d) P. columbina f.1 (dioecious)

Histogramas con ndmero de cromosomas en: a) P. columbina; b) P. columbina f.1 (monoico y dioico); c)
P. columbina f.1 monoico; d) P. columbina f.1 dioico
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Figure 5

Haploid karyotypes from P. columbina (n=3),
P. columbina f.1 (n=4) and the variation in
P. columbina f.1 (n=3 and n=5)

Cariotipos haploides de P. columbina (n=3), P. columbina
f.1 (n=4) y la variacion en P. columbina f.1 (n=3 y n=5)

Karyotypes of P. columbina and P. columbina f.1
showed the characteristic arrangement, shape and size of
the Porphyra chromosomes (Fig. 5). According to
Mumford & Cole (1977) the observed chromosomes of
P. columbina and P. columbina f.1 can be classified as
short (0.5-1.0 um) and medium (1.0-2.5 um).

Our data show that P. columbina and P. columbina
f.1 differ in the distribution of reproductive patches,
haploid chromosome numbers and relative fluorescence
intensity. Additionally, number and distribution of
chromosomes in monoecious and dioecious fronds of P.
columbina f.1 give evidence belonging to a single
morphotype. These results indicate that P. columbina and
P. columbina f.1 morphotypes are different species.
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