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Abstract Unraveling the cryptic genetic diversity

and selective breeding network in various Porphyra

strains is of significance for conservation and utili-

zation of economically important nori crops, for both

current and future needs. Here, we used nuclear

ribosomal spacer (ITS1) region to investigate the

genetic variation and intra-specific relatedness of 59

Porphyra yezoensis Ueda specimens worldwide using

phylogenetic and parsimony genealogical approaches.

23 nrDNA ITS1 genotypes were revealed and clus-

tering analysis grouped them into two distinct clades.

High genetic diversity was detected in wild

P. yezoensis strains from Miyagi and Hokkaido

Prefectures in Japan, while the cultivated strains from

China and South Korea exhibited relatively higher

genetic diversity likewise, which provided crucial

genetic insights for future commercial breeding of

P. yezoensis on a global scale. In addition, phyloge-

netic study has revealed the genetic relationship of

strains with unknown parentage to those with known

parentage, and also ITS1 sequence pattern could be

correlated with the geographic origin of P. yezoensis

specimens. All these pedigree information generated

from this research can be used to select parents for

inter-specific or intra-specific selective breeding and

cross breeding to maximize the preservation of stock

resource and sustainable development of nori industry.

Keywords Genetic diversity � Internal transcribed

spacer � Porphyra yezoensis � Selective breeding

Introduction

The red algal genus Porphyra C. Agardh (known

commonly as nori in Japan, and Zicai in China) has a

dimorphic life cycle with an alternation between a

macroscopic foliose thallus (gametophytic phase) and

a microscopic filamentous thallus (sporophytic

phase). In this genus, cultivated P. yezoensis Ueda

is one of the most economically important marine

crops in East Asia (Niwa and Aruga 2003; Niwa et al.

2008). Since the 1960s with the development of

synthetic fiber nets, strain-preservation and artificial

seeding in Porphyra mariculture, nearly 60 strains of

P. yezoensis have been isolated and used for culti-

vation in Japan, China and South Korea (Kunimoto

et al. 1999; Iitsuka et al. 2002; Hwang et al. 2005;

Weng et al. 2005; Hu et al. 2007; Niwa et al. 2008,

2009). Although these cultivars have considerably

contributed to increasing yields, some subsequent

problems occurred in nori farms. (1) Sometimes the
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origin of cultivars for mariculture is uncertain owing

to the exchange of P. yezoensis cultivars with quite

diverse genetic backgrounds among different grow-

ing regions in Asia, or the loss of originally historical

maintenance records, which leave behind some

hidden troubles for following selection and breeding.

(2) It is extremely essential to keep the developed

strains or wild strains absolutely pure for the

germplasm conservation and advancement of Por-

phyra breeding, however, simple but highly variable

morphological characteristics disenable nori breeders

to classify their P. yezoensis cultivars with certainty,

and nori cultivators even often blend several con-

chocelis strains when they seed nori nets with

conchospores (Niwa et al. 2004). (3) Recent molec-

ular investigations indicated that as the predominant

selective breeding species, P. yezoensis has resulted

in increased genetic uniformity in the stock resource

for nori cultivation (Niwa et al. 2004; Niwa and

Aruga 2006). However, the cultivated P. yezoensis

strains have a lower genetic diversity than wild

strains (Kunimoto et al. 1999), and then inevitably,

the intensive selective breeding of cultivated P. yezo-

ensis can lead to reduced genetic diversity and

retrogressed stock resource within this species. (4)

It is still unclear about geographic origination,

molecular characterization and anthropogenic distur-

bance of various P. yezoensis cultivars as genetic

resources from the viewpoint of global commercial

utilization. Several molecular studies have identified

the cultivated and wild strains of P. yezoensis through

detecting genetic divergence (Kunimoto et al. 1999,

2003; Mizukami et al. 1999; Niwa and Aruga 2006;

Niwa et al. 2009), but so far no clear clarification

presented among all cultivated and wild strains of

P. yezoensis throughout the world. In order to keep

and advance the development of nori breeding, it is a

pressing task to unambiguously and correctly eluci-

date the network relationships for most commonly

used various P. yezoensis strains.

The internal transcribed spacer (ITS) of nuclear

ribosomal DNA (nrDNA) is part of the rDNA cistron,

which consists of 18S, ITS1, 5.8S, ITS2, and 26S. For

over a decade, nrDNA ITS1 has been extensivey

applied to reveal the phylogenetic relationships,

discriminate wild and cultivated Porphyra blades

(Mizukami et al. 1999; Niwa and Aruga 2003; Hu

et al. 2007; Neefus et al. 2008; Niwa et al. 2009), and

determine the origin of different cultivated Porphyra

strains as well (Kunimoto et al. 1999). Although ITSs

are found in thousands of copies within plant

genomes, intra-genome diversity is generally low

(Baldwin et al. 1995), which attributed to con-

certed evolution of intra- and inter-chromosomal loci

(Baldwin et al. 1995; Ainouche and Bayes (1997);

Won and Renner 2005), a process that acts through

gene conversion and unequal crossing over. In

addition, accumulating evidence suggests that intra-

individual variation of nrDNA ITS regions should not

be considered as exceptional (Feliner et al. 2004), and

as a result of concerted evolution the occurrence of

ancestral polymorphisms is not the most likely

ultimate cause for intra-genomic variability in this

marker. Here, we endeavored to include cultivars

with doubtless breeding backgrounds, including more

recently introduced P. yezoensis specimens in the

Northwestern America from Asia. The primary

objectives of this study were to determine the

selection network relationships of various P. yezoen-

sis cultivars worldwide using nrDNA ITS1

sequences; and to provide genetic insights for further

artificial breeding and selection practices of

Porphyra.

Materials and methods

Fifty-nine well-defined and published nrDNA internal

transcribed spacer sequences (ITS1, length C345 bp)

retrieved from GenBank/EMBL (sequences deposited

by January 2009). GenBank accession numbers can be

found in Kunimoto et al. (1999), Niwa and Aruga

(2003), Hwang et al. (2005), Hu et al. (2007), Niwa

et al. (2008) and Neefus et al. (2008). Based on the

responding reference information, 59 P. yezoensis

samples were sorted as wild type (7 samples), intro-

duced type (21 samples) and cultivated type (31 sam-

ples), respectively. Information on sequence ID, sort

type, location and reference are shown in Table 1. The

boundaries of the coding and spacer regions were

determined according to previously published Por-

phyra sequences (Hu et al. 2007; Niwa et al. 2008).

The lengths of the ITS1 sequences range from 345 bp

in a wild strain (Seq. ID H8) to 354 bp in one wild

strain (Seq. ID H9) and six generated genotypes

(Seq. ID H3, H13–H16, H23) of P. yezoensis

(Table 1). Since the correction of PCR artifacts for

the sequence of cloned PCR fragment is an important
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Table 1 Information of Porphyra yezoensis analyzed in this study

Seq. ID Sort Location (strain) Reference/GenBank accession

H1 Wild Japan: Miyagi Prefecture, Ogatsu (Ogatsu) Niwa et al. (2008)/AB243203

H1 Wild Japan: Hokkaido, Hakodate, Nanaehama (NA-2) Kunimoto et al. (1999)/AB017075

H5 Wild Japan: Miyagi Prefecture, Ogatsu (OG-4) Kunimoto et al. (1999)/AB017081

H6 Wild Japan: Miyagi Prefecture, Ogatsu (OG-2) Kunimoto et al. (1999)/AB017079

H7 Wild Japan: Miyagi Prefecture, Ogatsu (OG-1) Kunimoto et al. (1999)/AB017078

H8 Wild Japan: Hokkaido, Hakodate, Nanaehama (NA-4) Kunimoto et al. (1999)/AB017076

H9 Wild Japan: Hokkaido, Hakodate, Nanaehama Kunimoto et al. (1999)/AB017074

H1 Introduced USA: New York, Playland Park Pier Neefus et al. (2008)/DQ649391

H1 Introduced USA: New York, Playland Park Pier Neefus et al. (2008)/DQ649390

H1 Introduced USA: Massachusetts, Falmouth Heights Neefus et al. (2008)/DQ649383

H1 Introduced USA: Massachusetts, East Sandwich Neefus et al. (2008)/DQ649381

H1 Introduced USA: Massachusetts, Plymouth, Breakwater Neefus et al. (2008)/DQ649380

H1 Introduced USA: Massachusetts, Stage Fort Park Neefus et al. (2008)/DQ649378

H1 Introduced USA: Massachusetts, Stage Fort Park Neefus et al. (2008)/DQ649377

H1 Introduced USA: New Hampshire, Dover, Dover Point Neefus et al. (2008)/DQ649375

H1 Introduced USA: New Hampshire, Dover, Dover Point Neefus et al. (2008)/DQ649373

H1 Introduced USA: New Hampshire, Dover, Dover Point Neefus et al. (2008)/DQ649372

H1 Introduced USA: Maine, Portland, Benny’s Clam Shack Neefus et al. (2008)/DQ649370

H1 Introduced USA: Maine, Brunswick, Great Island Neefus et al. (2008)/DQ649369

H1 Introduced USA: Maine, Small bridge at East Boothbay Neefus et al. (2008)/DQ649367

H1 Introduced USA: Maine, Small bridge at East Boothbay Neefus et al. (2008)/DQ649366

H1 Introduced USA: New Hampshire West et al. (2005)/AY568277

H3 Introduced USA: Massachusetts, Westport Neefus et al. (2008)/DQ649343

H10 Introduced USA: Texas, San Jacinto Park Bray et al. (unpublished)/DQ813581

H10 Introduced USA: Texas, San Jacinto Park Bray et al. (unpublished)/DQ813580

H10 Introduced USA: Texas, SW Jetty Bray et al. (unpublished)/DQ813579

H11 Introduced USA: U. Conn. culture (PYWC) from Qingdao, China Neefus et al. (2008)/DQ649354

H12 Introduced USA: U. Conn. culture (95697) from Qingdao, China Neefus et al. (2008)/DQ649353

H2 Cultivated Japan: Saga Prefecture, Ashikari (Shikoku) Kunimoto et al. (1999)/AB017087

H3 Cultivated Japan: Saga Prefecture, Ashikari (Saga-103) Kunimoto et al. (1999)/AB017086

H3 Cultivated Japan: Saga Prefecture, Ashikari (Midorime) Kunimoto et al. (1999)/AB017084

H3 Cultivated Japan: Saga Prefecture, Ashikari (Noriken-15) Niwa and Aruga (2003)/AB125318

H3 Cultivated Japan: Hyogo Prefectural Technology Center (G-1) Niwa and Aruga (2003)/AB125321

H3 Cultivated Japan: Hyogo Prefectural Technology Center (0110) Niwa and Aruga (2003)/AB125315

H3 Cultivated Japan: Hyogo Prefecture, Nishifutami (HG-1) Niwa and Aruga (2003)/AB125320

H3 Cultivated Japan: Hyogo Prefecture, Nishifutami (Harima-7) Niwa and Aruga (2003)/AB125319

H3 Cultivated Japan: Hyogo Prefecture, Nishifutami (Noriken-10) Niwa and Aruga (2003)/AB125317

H3 Cultivated Japan: Ehime Prefecture, Doi (Noriken-4) Niwa and Aruga (2003)/AB125316

H3 Cultivated Fukuoka Prefecture, Yanagawa (Fukuoka-1) Kunimoto et al. (1999)/AB017082

H3 Cultivated Cultured in the Lab (Noma-1) Kunimoto et al. (1999)/AB017085

H3 Cultivated China: Jiangsu, Rudong Coast Hu et al. (2007)/EF014470

H3 Cultivated South Korea: Wangsanri, Muan 2 Hwang et al. (2005)/DQ227872

H4 Cultivated Cultured in the Lab (F6-1) Kunimoto et al. (1999)/AB017083

H13 Cultivated China: Jiangsu, Qidong coast Hu et al. (2007)/EF014473

H14 Cultivated China: Jiangsu, Qidong coast Hu et al. (2007)/EF014472

H15 Cultivated China: Jiangsu, Rudong Coast Hu et al. (2007)/EF014471
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task in the search for patterns and extent of molecular

evolution, in this study these issues can be addressed

by clustering the sequences into 99% sequence

similarity groups as a standard (Acinas et al. 2005).

Multiple alignments of the 59 representative

sequences was performed via the program Clus-

tal 9 1.83 (Thompson et al. 1997) and then refined

by eye. Identical sequences were represented by a

single sequence in the alignments. Genotypes were

assembled into separate groups according to origin or

sort type. Nucleotide polymorphism as measured by

hw (Watterson 1975) and diversity as measured by p
(Nei 1978), were calculated with DnaSP 4.5 (Rozas

and Rozas 1999). Phylogenetic relationships of the 59

entities were conducted using neighbor joining (NJ),

maximum parsimony (MP) and maximum likelihood

(ML) methods as implemented in PAUP 4.0b10

(Swofford 2002). Specifically, MP analysis was

performed using the heuristic search option, 50

random sequence additions, and the tree bisection

reconnection (TBR) branch swapping. All sites were

treated as equally weighted. For ML analysis, the

model of nucleotide evolution that best fitted the data

was determined by the hierarchical likelihood ratio

test approach (hLRTs; Huelsenbeck and Crandall

1997) using Modeltest 3.7 (Posada and Crandall

1998). The defined model was the K80 model with

the gamma distribution (shape parameter = 0, indi-

cated equal rates for all site). ML analysis was carried

out using the heuristic search option with random

sequence addition (1,000 replicates). Bootstrap sup-

port values (Felsenstein 1985) were also estimated

from 1,000 replications with 100 random addition

replicates and TBR branch swapping algorithm for

MP and ML analyses. Since the genealogical network

analyses are powerful methods for intra-specific data

in revealing multiple connections between genotypes

and theoretically indicating the missing mutational

connections (Posada and Crandall 2001), but tradi-

tional phylogenetic methods did not perform properly

due to few substitutions. A genotype network with

the option treating gaps as a fifth base was con-

structed based on the 95% parsimony criteria using

the TCS 1.21 (Clement et al. 2000) to illustrate the

mutational connections and the frequency of different

genotypes among the various P. yezoensis strains

worldwide.

Results

Partial nrDNA ITS1 region (345–354 bp) analyses

were conducted on 360 aligned sites of 59 P. yezo-

ensis samples. Sequence comparisons of the ITS1

fragment revealed 10 singleton variable sites and 42

polymorphic sites (15 parsimony-informative) with

15 transitions, 10 transversions and 17 indels. When

sequence length was taken into consideration, the

ITS1 region defined 23 genotypes (H1–H23), and of

which 18 (78.26%) are unique in species P. yezoensis

Table 1 continued

Seq. ID Sort Location (strain) Reference/GenBank accession

H16 Cultivated China: Jiangsu, Lianyungang Coast Hu et al. (2007)/EF014469

H17 Cultivated South Korea: Wangsanri, Muan 1 Hwang et al. (2005)/DQ227871

H18 Cultivated South Korea: Hwawan, Haenam Hwang et al. (2005)/DQ227870

H18 Cultivated South Korea: Guiseongri, Jindo Hwang et al. (2005)/DQ227869

H19 Cultivated South Korea: Ihwoejin, Jangheung Hwang et al. (2005)/DQ227868

H20 Cultivated South Korea: Sisando, Goheung Hwang et al. (2005)/DQ227867

H21 Cultivated China: Qingdao Hu et al. (2007)/AY368575

H22 Cultivated Japan (Saga-24) Mizukami et al. (unpublished)/AB019192

H23 Cultivated Japan (Ariake-1) Mizukami et al. (unpublished)/AB019191

H23 Cultivated Japan (D-18-1) Mizukami et al. (unpublished)/AB019190

H23 Cultivated Japan (Obagreen) Mizukami et al. (unpublished)/AB019189

H23 Cultivated Japan (Sasiki) Mizukami et al. (unpublished)/AB019188

H23 Cultivated Japan (Saga-5) Kunimoto et al. (1999)/AB019187
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(Tables 1, 2). For the remaining five genotypes, two

most common (H1 and H3) are present in 28.81 and

23.73% of the 59 specimens, respectively. Interest-

ingly, among the 21 introduced samples in USA, 15

samples from New York, Massachusetts, Maine and

New Hampshire generated one single genotype (H1)

which has identical ITS1 sequence to two samples of

the wild P. yezoensis strain (Ogatsu and NA-2)

(Table 1). In addition, three samples from Texas,

USA produced an endemic genotype H10. The ITS1

genotype H3 from Massachusetts, USA was identical

to that of 13 cultivated strains from Japan (Table 1).

Besides the above mentioned genotypes, we found

different genotypes of P. yezoensis existed in one

location: four genotypes generated from wild Ogatsu

strains (OG-1, OG-2, OG-4 and Ogatsu), and three

genotypes originated from wild Nanaehama strains

(Nanaehama, NA-2 and NA-4), whereas five unique

genotypes generated from cultivated P. yezoensis

strains from Jiangsu, China (H3 and H13–H16)

(Table 1), and this kind of genetic variability previ-

ously had also been detected by Kunimoto et al.

(1999). When gaps treated as pairwise deletion, the

pairwise distances among P. yezoensis genotypes

ranged from 0 to 4.5% (0–15 bp), with zero percent

indicating genotypes identified only by length.

The overall estimate of nucleotide polymorphism is

presented in Table 3. In view of sort type, nearly 7-fold

level of polymorphism was observed, with the highest

in cultivated strains (p = 1.664 9 10-2, hw =

2.011 9 10-2) and the lowest in wild strains

(p = 0.253 9 10-2, hw = 0.255 9 10-2). Again with

a view to origin, South Korea exhibited the highest

nucleotide variability (p = 1.437 9 10-2, hw =

1.655 9 10-2) whereas Japan displayed the lowest

diversity (p = 0.572 9 10-2, hw = 0.597 9 10-2) in

which is distributed with the maximum genotypes.

Based on the 23 nrDNA ITS1 sequences of

P. yezoensis genotypes, a phylogenetic tree generated

by NJ, MP and ML methods, recognized two clades

with high bootstrap values (NJ = 99%, MP = 99%,

ML = 95%) (Fig. 1). One clade is comprised of 15

P. yezoensis genotypes, of which five (wild type)

from Japan and eight (cultivated type) from China

and Japan; the other clade consists of five genotypes

(cultivated type) from South Korea and China, and

three genotypes (introduced type) of which one is

endemic to Texas, USA and the rest two are cultured

in University of Connecticut, USA, but originally

introduced from Qingdao, China. The genotype

variation ‘‘treating gaps as the fifth character’’ with

genealogy parsimony analysis also showed two

clades in P. yezoensis strains with similar topological

structure (Fig. 2). Table 2 shows the character states

at 22 and 10 nucleotide positions of the nrDNA ITS1

region for 13 and 10 genotypes in P. yezoensis,

respectively. Overall, single mutation (including

indel) was observed at 11 sites (31.43%) and was

not shared among specimens. Likewise, four charac-

ter indels (sites 92–93, 242–244, 347 and 349) were

found in all genotypes after alignment (Table 2),

Table 3 Nucleotide diversity of the ITS1 fragment for

Porphyra yezoensis

Sort type/region S p (910-2) hw (910-2)

Wild 2 0.253 ± 0.099 0.255 ± 0.181

Introduced (USA) 7 1.043 ± 0.254 0.974 ± 0.368

Cultivated 22 1.664 ± 0.235 2.011 ± 0.429

Japan 6 0.572 ± 0.134 0.597 ± 0.244

South Korea 12 1.437 ± 0.386 1.655 ± 0.478

China 5 0.734 ± 0.164 0.678 ± 0.303

S denotes number of segregating sites, p and hw refer to

nucleotide diversity according to Nei and Li’s (1979) and

Watterson’s (1975) parameter respectively

Fig. 1 Neighbor-joining tree of 23 Porphyra yezoensis geno-

types generated from 360 sites of nrDNA ITS1 data set.

Numbers given on each branch represent bootstrap values

([50%) for NJ (left), MP (middle) and ML (right) analyses
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which can discriminate the 23 genotypes into two

separate clades.

Discussion

So far, intra-specific selective breeding is the dom-

inant approach for nori breeders to obtain strains with

excellent production traits. In the present study,

molecular data revealed some cryptic intra-specific

genetic diversity in P. yezoensis strains. Although we

examined only 2–5 specimens in many areas, nrDNA

ITS1 strongly favored wild P. yezoensis strains with

higher genetic diversity in Japan and demonstrated

other primary diversity centers of cultivated strains in

China and South Korea (as well as higher nucleotide

polymorphism, p = 0.734 9 10-2 and 1.437 9 10-2,

respectively), which are useful genetic insights for

future commercial breeding of P. yezoensis on a global

scale. The nrDNA ITS1 revealed that four distinct

P. yezoensis genotypes corresponded to four wild

strains from Miyagi Prefecture, Japan, and also three

unique genotypes corresponding to three wild speci-

mens from Hokkaido, Japan (Table 1). These showed

significantly higher intra-specific genetic diversity

in wild species P. yezoensis in the two areas despite

small nucleotide variation (p = 0.253 9 10-2, hw =

0.255 9 10-2). Therefore genetically, the seven wild

strains from both Miyagi and Hokkaido areas can be

used target parent breeding materials for selective or

cross-breeding in the future. Significantly, these

seven wild P. yezoensis strains should be exception-

ally preserved as crucial stock resource in order to

keep sustainable development and utilization of

economic seaweeds. Besides, phylogenetic analyses

indicated 23 various P. yezoensis genotypes clustered

clearly as two clades (Figs. 1, 2), in which five

genotypes (H1, H6, H7, H8 and H9, they were

generated from six wild strains) exhibited closest

relationship to one genotype (H4, it was originated

from a cultivated strain in Japan). Accordingly, these

six wild P. yezoensis strains can potentially be

utilized for cross-breeding with other cultivated

strains in Japan, China and South Korea, and some

introduced areas in USA as well for mariculture

practices. Remarkably, cultivated P. yezoensis

strains from both China and South Korea displayed

higher genetic diversity with some distinct genotypes

in each area, together with higher nucleotide

variability (South Korea: p = 1.437 9 10-2, hw =

1.655 9 10-2; China: p = 0.734 9 10-2, hw =

0.678 9 10-2) (Table 3), and hence selective breed-

ing and cross-breeding can be carried out each other

among them through exchange of demanding culti-

vars, certainly exchanging with wild P. yezoensis

strains from Japan as well. But it should be more

cautious for intensive cross-breeding among the

seven cultivated strains (corresponding genotypes

H11, H12, H17–H21), because both phylogenetic

relatedness and parsimony genealogy showed the

closest relationships among them (Figs. 1, 2). In

contrast, considerably high genetic uniformity

existed in various cultivated strains in Hyogo

Prefecture, Japan (Table 1). Similarly, the ITS1

sequence demonstrated that the five cultivated

P. yezoensis strains (Ariake-1, D-18-1, Obagreen,

Sasiki and Saga-5) in Japan are actually the same

stock resource. As a consequence, cross-breeding

should be furthest refrained among these cultivated

strains to prevent declined genetic diversity.

Unsurprisingly, three phylogenetic approaches

detected that two introduced P. yezoensis genotypes

(H11, H12) currently cultured in University of Con-

necticut were closely assembled with one cultivated

genotype (H21) (Fig. 1). Exceptionally, the intro-

duced cultivars of P. yezoensis in USA contained five

specific genotypes and exhibited higher nucleotide

diversity (p = 1.043 9 10-2, hw = 0.974 9 10-2),

Fig. 2 TCS statistical parsimony network of 23 ITS1 geno-

types of Porphyra yezoensis with treating gaps as the fifth

character. Lines connecting the genotypes represent a single

mutation with solid circle representing inferred mutational

steps not observed in this study. Diameters of the circles are

proportional to genotype size
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which guarantees the genetic feasibility of extensive

breeding and farming in USA for this economic

species. In addition, DNA data has been proved useful

to pursue the introduced origin of P. yezoensis in

Northwest Atlantic (Neefus et al. 2008). In this study,

the three genotypes (H11–H12, H21) grouped closely

(Fig. 1), together with a few exceptional nucleotide

substitutions like sites 68, 128, 192 and 279 (Table 2).

So we believe that the ITS1 sequences patterns have

the potential to track the geographic origin of various

specimens of P. yezoensis, which is consistent with

one previous report (Kunimoto et al. 1999). If this

suppose is correct, the introduced genotype (H10)

from two locations in Texas, USA also clustered with

the three genotypes, which probably ascribed to an

unintentional anthropogenic introduction from Qing-

dao, China through maritime traffic.

Inter-specific cross breeding is another widespread

method to produce strains meeting the breeder’s

demand, and some examples have been documented

in brown macroalgae (Coyer et al. 2002, 2007;

Wallace et al. 2004), but to date no reports have been

published on natural inter-specific hybridization in

Porphyra. Although P. yezoensis is a more boreal

species than P. tenera Kjellman (Miura and Aruga

1987; Miura 1988), previous investigations indicated

that the inter-specific hybridization between the two

species might ever occurred in Northeastern Japan

because they have a partial overlapped distribution

zone in this area (Miura and Aruga 1987; Miura

1998; Yoshida 1998, 2000). The latest molecular

study about Porphyra species demonstrated that

plastid introgression occurred from P. yezoensis to

P. tenera (Niwa et al. 2009), and one specimen

(MT-1) was even proposed as a progeny of inter-

specific hybridization between the two species (Niwa

et al. 2009). Hence, inter-specific hybridization of

Porphyra will become an important direction of

developing new strains for the future.

Currently indecisive parentage pedigree largely

embarrassed the breeding progress of P. yezoensis.

Over twenty cultivated P. yezoensis strains included

in this study did not have specific genetic background

information. These strains were distributed in differ-

ent areas in East Asia revealing their genetic

relationships with other wild and cultivated strains.

For example, the Korean samples (genotypes H17–

H20) and the Chinese samples (H11, H12 and H21)

are closely grouped together (Figs. 1, 2), which

suggested these currently farmed P. yezoensis strains

in Korea and China not only were introduced from

Japan (Hwang et al. 2005), but also were the same

parentage pedigree. Likewise, generally old geno-

types with wide distribution are located internally

in the network tree (Posada and Crandall 2001;

Keirstein et al. 2004), as with genotype H1 and H3 in

this study (Fig. 2) which might be the most common

used parentage materials for selective breeding or

P. yezoensis. This clustering analysis based on the

nrDNA ITS1 region can resolve the genetic back-

ground issues of the cultivars with unknown pedigree.

Summarily, the relationships of P. yezoensis strains

with known parentage will help nori breeders to

select appropriate parents in their breeding practices

to maximize yield as well as to maintain genetic

diversity. In the end, we admit that as a single gene

region, nrDNA ITS1 can not explicitly discover the

intrinsic genealogical relationships among strains

within P. yezoensis, and integrated locus analyses

like mtDNA Cox1 is desirable to obtain reliable

genetic inference in future.
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