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DNA Sequences and Identification of Porphyra Cultivated by Natural
Seeding on the Southwest Coast of Korea
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Nuclear SSU and ITS1 rDNA and plastid rbcL sequences were determined to identify the seven samples of
Porphyra cultivated by means of natural seeding on the southwest coast of Korea and analyzed to access the
phylogenetic relationships of them with the natural populations of P. tenera and P. yezoensis from Korea and Japan.
SSU, rbeL and ITS1 data from 18, 21 and 31 samples, respectively, including previously published sequences were
investigated in the study. Results from our individual and combined data indicated that the seven samples were all
P. yezoensis and the entities except one from Muan 2 aquafarm strongly grouped together with the natural
populations of P. yezoensis from the south and the west coast of Korea. The sample from Muan 2 seems to be derived
from a strain of P. yezoensis introduced from Japan by Porphyra farmers, based on DNA sequence data.
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Table 1. Sample information for Porphyra cultivated by natural seeding, P. koreana, P. kuniedae, P. tenera and P. yezoensis used in this

study
Taxon Collection details Sample SSU rbcL ITS1
Porphyra cultivated Sisando, Goheung, 12 May 2003 NS001 DQ227853 DQ227860 DQ227867
by natural seeding Ihwoejin, Jangheung, 17 Apr. 2003 NS002 DQ227854 DQ227861 DQ227868
Guiseongri, Jindo, 26 Feb. 2000 NS003 DQ227855 DQ227862 DQ227869
Hwawon, Haenam, 4 Mar. 2000 NS004 DQ227856 DQ227863 DQ227870
Wangsanri, Muan 1, 8 Jan. 2003 NSO005 DQ227857 DQ227864 DQ227871
Wangsanri, Muan 2, 8 Jan. 2003 NS006 DQ227858 DQ227865 DQ227872
Eoido, Sinan, 6 May 2003 NS007 DQ227859 DQ227866 -
P. koreana Hwang et Lee Yeonamdong, Pohang, 1 Mar. 2002 KO301 unpubl. unpubl. unpubl.
P. kuniedae Kurogi Sachon, Nambhae, 4 Feb. 2001 KU204 unpubl. unpubl. -
P. tenera Kjellman Sopo, Tongyoung, 7 Feb. 2001 HMO003 unpubl. unpubl. unpubl.
Cheongsando, 19 Feb. 2004 HMO007 unpubl. unpubl. unpubl.
P. yezoensis Ueda Masanri, Pohang, 6 Feb. 2001 YEZ206 unpubl. unpubl. unpubl.
Neungpo, Geojedo, 6 Mar. 2000 CH394 unpubl. unpubl. unpubl.
Cheongsando, 19 Feb. 2004 HMO006 - - unpubl.
Pajanggeum, Wido, 7 Apr. 2004 HMO012 unpubl. unpubl. -
Daecheonhang, Daecheon, 22 Apr. 2004 HMO014 unpubl. unpubl. unpubl.
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Fig. 1. Sampling sites of Porphyra cultivated by natural seeding
(circle), P. tenera (triangle) and P. yezoensis (square). 1,
Yeonamdong, Pohang; 2, Neungpo, Geojedo; 3, Sopo,
Tongyoung; 4, Sisando, Goheung; 5: Ihwoejin, Jangheung;
6, 7, Cheongsando; 8, Guiseongri, Jindo; 9, Hwawon,
Haenam; 10, Wangsanri, Muan; 11, Eoido, Sinan; 12,
Pajanggeum, Wido; 13, Daecheonhang, Daecheon.
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Table 2. Sources of additional SSU, rbcL and ITS1 sequence data included in the multiple alignments

GenBank accession No.

Taxon Sample location
SsU rbcL ITS1
Porphyra tenera Kjellman Kawaura, Kumamoto, Japan ABO013176 AB118576 ABO017073
P. yezoensis Ueda Hakodate, Hokkaido, Japan AB013177 AB118574 -
Nanaehama, Hokkaido, Japan - - ABO017074
“Na-2”, Hokkaido, Japan - - ABO017075
“Na-4”, Hokkaido, Japan - - ABO017076
Ogatsu, Miyagi, Japan AB013178 AB118575 -
“Ogatsu-1”, Miyagi, Japan - - ABO017078
“Ogatsu-2”, Miyagi, Japan - - ABO017079
“Ogatsu-4”, Miyagi, Japan - - AB017081
P. yezoensis f. narawaensis Miura “Ariyake-1”, Japan - - AB019191
“Fukuoka-1”, Japan - - AB017082
“F6-17, Japan - AB118590 AB017083
“Harima-7”, Japan - - AB125319
“Midorime”, Japan - AB118589 AB017084
“Noma-1”, Japan - - AB017085
“Noriken-4”, Japan - - AB125316
“Saga 1037, Japan - - ABO017086
“Saga-5”, Japan - AB118587 AB019187
“Sasiki”, Japan - - AB019188
“Shikoku”, Japan - - ABO017087

Table 3. Morphological characteristics of Porphyra cultivated by natural seeding on the southwest coast of Korea

NS001 NS002 NS003 NS004 NS005 NS006 NS007
Character from Goheung from Jangheung fromlJindo from Haenam from Muanl from Muan2 from Sinan
(Fig. 2A) (Fig. 2B) (Fig. 2C) (Fig. 2D) (Fig. 2E) (Fig. 2F) (Fig. 2G)
Thallus shape elliptical round elliptical ovate linear curved shape round
to obovate to elliptical to lanceolate  to elliptical to lanceolate to elliptical
Basal shape round round cuneate round round round round
to cordate to cordate to cuneate to cordate to cordate to cordate
Marginal denticulation absent absent absent absent absent absent absent
Trychogyne conspicuous conspicuous  conspicuous  conspicuous  (not mature) conspicuous conspicuous
Thallus length (cm) 12-20 10-15 8-15 10-15 10-25 15-30 10-15
Thallus width (cm) 5-8 5-12 3-5 5-12 1-2 8-20 8-12
Thickness (um) 20-25 20-28 20-25 20-25 18-22 28-35 30-35
Division pattern a/2(4)b/2,c/2(4) a/2b/2,c/2(4) a/2b/2,c/2(4) a/2b/2c/24)  (not mature)  a/2b/2c/2(4) a/2b/1(2)c/2(4)
of zygotosporangium
Divison pattern a/4,b/4,c/4(8) alab/ac/A@8)  asAb/Ac/AB8)  asdb/4c/A8)  (not mature)  as4b/4c/A@B) as/db/4c/A@8)

of spermatangium

NS006(F-¢F 2)o]= 20 cmol] o|2% §& 747} vEldt). c/4B)Feom HIEAY ELa2e a/2,b/1,c/2(4),
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NS007(219h) & tF& A de] AAANE ol v|ste] o T4 (Table 3).
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Fig. 2. Thallus shapes of Porphyra cultivated by natural seeding in the southwest coast of Korea. A, NS001 from Goheung; B, NS002
from Jangheung; C, NS003 from Jindo; D, NS004 from Haenam; E, NS005 from Muan 1; F, NS006 from Muan 2; G, NS007 from
Sinan. Scale bars =3 cm.

Table 4. Pairwise distances (total character differences) between samples for the exon of SSU sequence data. Dashed triangle
indicates the character differences between three samples of Porphyra tenera and solid triangle indicates those between six
samples of P. yezoensis and seven samples of Porphyra cultivated by natural seeding from Korea

Sample 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1 P. kuniedae, Namhae -
2 P. koreana, Pohang 64 -
3 P.tenera, Kawaura, Kumamoto, Japan 67 11 N
4 P.tenera (HM003), Tongyoung 67 11 10~ -
5 P. tenera (HMO007), Cheongsando 67 11 E_Q___Q\::;
6 P.yezoensis, Hakodate, Hokkaido, Japan 64 8 2 2 2 -
7 P.yezoensis, Ogatsu, Miyagi, Japan 64 8 2 2 2 |0
8 P. yezoensis (YEZ206), Pohang 64 8 2 2 2 |0 O
9 P. yezoensis (CH394), Geojedo 65 9 3 3 3 |0 0 0.
10 P. yezoensis (HM012), Wido 65 9 3 3 3 |0 0 0 O
11 P. yezoensis (HMO014), Daecheon 65 9 3 3 3 |0 0 0 0 O
12 NS001, Goheung 65 9 3 3 3 |0 0 O 0 0 O
13 NS002, Jangheung 65 9 3 3 3 |0 0 0O O 0 0 O
14 NS003, Jindo 65 9 3 3 3 |0 0 O O O O 0 O
15 NSO004, Haenam 65 9 3 3 3 |0 0 O O O O O 0 O
16 NS005, Muan 1 65 9 3 3 3 |0 0 O O O O O O 0O O™~-
17 NS006, Muan 2 65 9 1 1 1|1 1 1 1 1 1 1 1 1 1 1
18 NSO007, Sinan 65 9 3 3 3 |0 0 O O O O O 0 0 0 0 1~
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Fig. 3.

multiple alignment.

Kawaura, Kumamoto, Japan
(HMO03), Tongyoung
(HM007), Cheongsando
Hakodate, Hokkaido, Japan
Ogatsu, Miyagi, Japan
(YEZ206), Pohang
(CH394), Geojedo
(HM012), Wido

(HMO14), Daecheon
Goheung

Jangheung

Jindo

Haenanm

Muan 1

Muan 2

Sinan

Kawaura, Kumamoto, Japan
(HMO03), Tongyoung
(HM007), Cheongsando
HaKodate, Hokkaido, Japan
Ogatsu, Miyagi, Japan
(YEZ206), Pohang
(CH394), Geojedo
(HM012), Wido

(HMO014), Daecheon
Goheung

Jangheung

Jindo

Haenan

Muan 1

Muan 2

Sinan

Kawaura, Kumamoto, Japan
(HM003), Tongyoung
(HMOO7), Cheongsando
Hakodate, Hokkaido, Japan
Ogatsu, Miyagi, Japan
(YEZ206), Pohang
(CH394), Geojedo
(HMO12), Wido

(HMO14), Daecheon
Goheung

Jangheung

Jindo

Haenam

Muan 1

Muan 2

Sinan

210 220 230 240 250

ATCGTGCTCfCTCCAGAGCéCTTTGAGATéATTCACAATAACTTGTCGGATCGCATGGCCTCGTGCTGGCGACTCCTCATTCAAATTTCTGCCCTATCAA

1010 1020 1030 1040 1050

TACCGTCGTAGTCTTAACCAT ARACGATGCCSACTGEGEATTCOCREEECCACTATTATATEACTCTGTCAGCACCCTGAGGGARACCARAGTCTTTGEG

1510 1520 1530 1540 1550

AGTCCTGGOTCOGAAGGCTCOGGTAATCTTTTGARAGTGCATCETGCTGOGEATAGATCATTGCAATT ATTGATCTTCAACGAGGAATTCCTTGTAGE TG

3001
|

260 270 280 290
[3001
[300]
(3001
[300]
{3001
[300]
[3003
[300]1
[300]
(3001
[3003
[300]
[300]
[300]

1060 1070
[1100]
[1100]
(11001
[11001
[1100]
[1100]
[1100]
[1100]
[1100]
[1100]
[1100]
[1100]
[1100]
[1100]
[1100]

HEAAAAR A A A

1600]
.1

1560 1570 1580 1590
[1600]
[1600]
[16001]
[1600]
[16001
(16001
[1600]
[16001
[1600]
[1600]
[1600]
[1600]
[1600]
[1600]
[1600]
[1600]

A sub-alignment (positions 201 to 300, 1001 to 1100 and 1501 to 1600) for 16 samples in the multiple alignment for the exon of
nuclear SSU rDNA. A dash (-) indicates a gap in the multiple alignment; a dot (.) indicates that a taxon has the same character
state for that site as in Porphyra tenera (AB013176, Hokodate, Japan). Numbers to the right indicate nucleotide position in the

Bold characters (positions 211, 1055 and 1599) indicate two or three substitutions (C—G; A—T; T—C)

between P. tenera (Kawaura, Japan; Tongyoung, HM003; Cheongsando, HMO007) and others except for NS006 (Muan 2). There is
only one substitution (position 1055, A—T) between P. tenera (Kawaura, Japan; Tongyoung, HM003; Cheongsando, HM007) and
NS006 (Muan 2), and there is also one substitution (position 1599, T<~C) between P. yezoensis and NS006 (Muan 2).
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X 82 SSUIDNA d714 482
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GO7) H-9sF F 7H9] intron F-9E

3l pairwise distance
A 71 E ] ztel7t fle
g9l x|t} Table 4, Fig. 3). NS006 (%

2] 3 SSU rDNAS]
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A v/ a Porphyra kuniedae, Namhae
——P. koreana, Pohang
P. tenera (HM007), Cheongsando
13020 P. tenera (HM003), Tongyoung
g? - ' P. tenera, Kawaura, Kumamoto, Japan
681 NS006, Muan 2
P. yezoensis, Hakodata, Hokkaido, Japan
100 P. yezoensis, Ogatsu, Miyagi, Japan
99 P. yezoensis (YEZ206), Pohang
% P. yezoensis (CH394), Geojedo
P. yezoensis (HM012), Wido
| P. yezoensis (HM014), Daecheon
NS001, Goheung
NS002, Jangheung
NS003, Jindo
NS004, Haenam
NS005, Muan 1
— ' NS007, Sinan SsuU
C

Porphyra koreana, Pohang
100/94/96| P. tenera, Kawaura, Kumamoto, Japan
LL_L P. tenera (HM003), Tongyoung
19090 P. tenera (HM007), Cheongsando
P. yezoensis "NA-2", Hokkaido, Japan
P. yezoensis "Ogatsu-2", Miyagi, Japan
P. yezoensis "Ogatsu-1", Miyagi, Japan
100/92/84 o \ |'NS003, Jindo
ot NS004, Haenam
62 P. yezoensis (HM014), Daecheon
ﬂﬁ P. yezoensis (CH394), Geojedo

98| L p yezoensis (HM006), Cheongsando
9| [ NS005, Muan 1

_|- NS002, Jangheung

NS001, Goheung
P. yezoensis "NA-4", Hokkaido, Japan
75 P. yezoensis (YEZ206), Pohang
I P. yezoensis f. narawaensis "F6-1", Japan
P. yezoensis "Ogatsu-4", Miyagi, Japan
P. yezoensis f. nar. "Saga 103", Japan
P. yezoensis f. nar. "Harima-7", Japan
NS006, Muan 2
59| P. yezoensis f. nar. "Midorime", Japan
73| P. yezoensis f. nar. "Noriken-4", Japan
1 P. yezoensis f. nar. "Ariake-1", Japan

P. yezoensis f. nar. "Shikoku", Japan

sd | P- yezoensis f. nar. "Sasiki", Japan

73| P. yezoensis f. nar. "Noma-1", Japan

|| P. yezoensis f. nar. "Fukuoka-1", Japan

P. yezoensis f. nar. "Saga 5", Japan

P. yez., Nanaehama, Hokkaido, Japan |TS1

Porphyra kuniedae, Namhae
I~ P. koreana, Pohang
P. tenera, Kawaura, Kumamoto, Japan
97/91/65
%ﬁ P. tenera (HM003), Tongyoung
100~ P. tenera (HMO007), Cheongsando

08 P. yezoensis, Hakodate, Hokkaido, Japan

89 [ NS006, Muan 2
93

P. yezoensis f. nar. "Midorime", Japan

100 | P. yezoensis f. nar. "Saga-5", Japan

190; P. yezoensis f. nar. "F6-1", Japan
I~ P. yezoensis (YEZ206), Pohang
P. yezoensis (CH394), Geojedo
ao/ee/es|l P- yezoensis (HMO014), Daecheon
P. yezoensis (HM012), Wido
NS001, Goheung

sa/e2/62] NS002, Jangheung

NS003, Jindo

NS004, Haenam

NS005, Muan 1

NS007, Sinan rbcL
D
Porphyra koreana, Pohang
P. tenera, Kawaura, Kumamoto, Japan
100/98/98

P. tenera (HM003), Tongyoung

100 P. tenera (HM007), Cheongsando
NS003, Jindo

100/97/91
NS004, Haenam
P. yezoensis (CH394), Geojedo
100/96/84
P. yezoensis (HM014), Daecheon

100/93/89 |

NS005, Muan 1

88/82/70 { NS001, Goheung

96/64/91/65
NS002, Jangheung
91/75/70
—- P. yezoensis (YEZ206), Pohang
100
188 P. yezoensis, Hakodate, Hokkaido, Japan

=~ '~ NS006, Muan 2 combined

189

Fig. 4. Trees constructed with Bayesian inference for the SSU (A), rbcL (B), ITS1 (C) and combined (D) alignment (GTR+ I + | model).

Values at branches represent Bayesian posterior probabilities (left value), and 2000 and 1000 bootstrap replicates for distance and
parsimony (middle and right values, respectively) analyses. Branches lacking values received less than 50% support. Scale bars =
0.001 substitutions/site in A and D; scale bars = 0.005 substitutions/site in B and C.
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5'-{CAA- 568 bp

1236 bp

GTG | |CCA-

AAC-

509-972 bp -TGG

-GGT| |TTC 33bp -GCT|-3

TTC-  509-966 bp  -ACG|

Fig. 5. Putative primary structure of nuclear SSU rDNA from Porphyra cultured by natural seeding, P. tenera and P. yezoensis. The
upper and lower frames represent exon and introns, respectively. Arrow heads indicate the positions of intron insertion. Letters
and numbers designate the partial sequences and total nucleotide number of the fragment, respectively.

Table 5. Length (bp) of the introns of SSU rDNA on the upstream and downstream

Taxon Sample

Upstream intron Downstream intron

P. tenera Kjellman
HMO003 (Tongyoung)

HMO007 (Cheongsando)
AB013177 (Hakodate, Hokkaido, Japan)
AB013178 (Ogatsu, Miyagi, Japan)

P. yezoensis Ueda

YEZ206 (Pohang)
CH394 (Geojedo)
HMO12 (Wido)
HMO014 (Daecheon)
NS001 (Goheung)
NS002 (Jangheung)
NS003 (Jindo)
NS004 (Haenam)
NS005 (Muan 1)
NS006 (Muan 2)
NS007 (Sinan)

Porphyra cultivated by natural seeding

AB013176 (Kawanra Kumamoto, Japan)

972 783
509 615
509 521
517 -
517 509
516 520
- 524
511 527
511 527
510 529
513 529
512 963
512 966
512 529
517 959
510 -

Holon I3t
211, 1055, 1599)l| 4 0371213;1} | selxglo
He= FASFATE NS006(F-<t 2)2 thE AFAAlE 77} 1
bp(position 1599, C—T)ol|A X|$to] ERIEQ o, A3}
WAL E-H o] A = 242} 1 bp(position 10552} 1559) <l A
13to] BolE Q). 1 yhol] dE-2] Hakodate¢} Ogatsu 1
Fl A AR ‘%‘*PTAZJJ% NS006 (-2t 2) ] 7]
113} 212 7] AX||A 2bp =7]€] gapo] EAIst
o g Yt
= SSU rDNAZ] exon 97|14 ¥ 25 2 HE Bayesian

=)
AA o2

0 e

2% Ar|MG S bp (position

-
o}, WA

N

e K

o 2
R

r = o

T >1

s
AEE 8131, Bayesian posterior probability, =%
A3} Z o)A kR4 o] bootstrap valueE A 51 THFig. 4A) .
U o t17 (P. kuniedae) 2} B kel =71 (P. koreana) < 9]0 2
S W T AR HAL Flo] FREHE AlvT s
FAdet Tt NS006(F-<t 2)& A< gt AFAA B -2 WA
Ui Y AlewS Bd5H o NS006(F-<F 2)2 34
7 7Y Ass 38

SSU rDNAS] inton #2412 exon F-9JollA 7Ll 2}
o|7} 1-3 bpE E1E A, WAHFH A 18l AAAE A
< o2 S th(Table 5). tjF-#2] A|5E59] intond
upstreamz} downstreamel] z+z}+ 8k 7R 9] introne] EA) 3}

i

=

o1} NS007(Aleh) @ dE Hakodateol| 4] 2f & E HAFREY
7 (AB013177)-2 upstreamel] &+ 7§ 2] intronyt &2 3} 1 A
AzollA AFE HALFEH 7 (CH394)2 downstreame]] &k
9] intronet =23}k, Introne] Z o]+ upstream intron
o] 509 bp(HMO003, HMO007)<f| 4] 972 bp(AB013176), —18]1L
downstream introne] 509 bp(AB013178) <] 4] 966 bp(NS004)
2 t}ekslsiti(Table5, Fig.5).

Upstream intron2] Z o] NS006(F-<F 2), E3F WAFEY
7 (YEZ206) 18] 4 EAF = AR 7] (Hakodate,
ABO013177; Ogatsu, AB013178)9l| 4 516-517 bp= A2 T
stlom, A7IMEE o5 Ateldll & 17ellA 37) o] A&t
o] ZRl=|Act(Table5¢} 6). A th& AANE HES 2
o]7} 510-513 bpEA] 9= (HMO012) 2} o (HMO014) o)l A =)
Qe PARE R fARIon, AN ER $LE
& Ule] X ghto] selsgict.

Downstream intron2- upstream intronol] ®]&] 1 =7]<}
A7IALGelA B} vheket = Bth(Table59t 7). 53]
NS006(7-3F 2)-= TgellA A€z (HM003) 3} Z o]
e H]E 959 bpel 615 bpE FA Ao 7} Ao, & 1)
o] 9713\ gre] elslo] FEEAL) H ThE A E
7 Alolell &= Aol7} 529-966 bp7kA| 2 Tkl A7 g
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Table 6. Pairwise distances (total character differences) between samples for the upstream intron of SSU sequence data. Dashed
triangle indicates the character differences between three samples of Porphyra yezoensis and NS006, and solid triangle
indicates those between two samples of P. yezoensis and six samples of Porphyra cultivated by natural seeding from Korea

Sample 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 P. tenera, Kawaura, Kumamoto, Japan -
2 P.tenera (HMO003), Tongyoung 36 -
3 P. tenera (HMO007), Cheongsando 39 3 -
4 P.yezoensis, Hakodate, Hokkaido, Japan 40 18 21 -
5 P. yezoensis, Ogatsu, Miyagi, Japan 40 18 21 :0\‘\:
6 NS006, Muan 2 3917 20 11 1
7 P. yezoensis (YEZ206), Pohang 37 15 18 13 3 2°>-
8 P. yezoensis (HMO012), Wido 33 8 11 13 13 12 10 -
9 P.yezoensis (HMO014), Daecheon 33 8§ 11 13 13 12 10 |0 -
10 NS001, Goheung 34 8 11 14 14 12 11 1 1 -
11 NS002, Jangheung 33 § 11 13 13 12 10 |0 0 1 -
12 NS003, Jindo 33 8 11 13 13 12 10 |O 0 1 0 -
13 NS004, Haenam 33 8 11 13 13 12 10 |O 0 1 0 0 -
14 NS005, Muan 1 33 8 11 13 13 12 10 |O 0 1 0 0 0 -
15 NS007, Sinan 34 8 11 14 14 13 11 1 1 0 1 1 1 1 -

Table 7. Pairwise distances (total character differences) between samples for the downstream intron of SSU sequence data. Dashed
triangle indicates the character differences between three samples of Porphyra tenera and NS006, and solid triangle indicates
those between five samples of P. yezoensis and six samples of Porphyra cultivated by natural seeding from Korea

Sample 1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 P.tenera, Kawaura, Kumamoto, Japan -
2 NS006, Muan 2 16 .-
3 P. tenera (HMO003), Tongyoung 15 :1\‘\\-
4 P. tenera (HMO007), Cheongsando 37 5_29___2_9\)_\_\:\-
5 P.yezoensis, Ogatsu, Miyagi, Japan 4 46 46 20 -
6 P.yezoensis (YEZ206), Pohang 49 50 50 23 11 -
7 P.yezoensis (CH394), Geojedo 49 50 50 22 10 3 -
8 P.yezoensis (HMO012), Wido 49 50 50 23 11 4 1 -
9 P. yezoensis (HMO014), Daecheon 48 49 49 21 11 4 1 2 -
10 NS001, Goheung 47 50 50 22 6 8 7 8 8 -
11 NS002, Jangheung 47 50 50 22 6 8 7 8 8 0 -
12 NS003, Jindo 32 3% 25 51 38 41 41 41 42 34 34-
13 NS004, Haenam 29 33 22 48 3% 38 38 38 39 31 31 3 -
14 NS005, Muan 1 49 50 50 22 7 6 5 6 6 2 2 36 33~
= 36bp7ix|e] 4717 Eo] el e, NSO06(<t 2) & the AdAl i 713} 2-3bp Holg B o

o
i)
Zi

A A% l°l rocL 78X FI7IME EM: 2 AFA A= v 8L UAMRH R (Hakodate9} Ogatsu) 3 SHAHEH]
| A- " AR5 2k 79 rbel F7)14LS GenBankell 7 (P. yezoensis f. narawaensis) #H= A sAY o 1] 97]
%%a%‘;qﬁable 1). 4% rbcLe] d7IME As5= 2| ghito] 1= ATt

GenBankoll Al 473l A5 (Table 3)E Z3talo] & 217) A ZEH rbcl F71< A2 2 5E Bayesian Al E5E 3}
2ol 1,446 bpE FA = U}, Pairwise distance 2o A =z} 11, Bayesian posterior probability, =128 3} o)k
AAE 7L 0-3bpe] I71A4Y x}o]7} Eel=] gt (Table 8) . H29] bootstrap valueE A3 TH(Fig. 4B). FUolthd
AFANH 7 Sl Al NS006(F-9F 2) = A28l w A ) (P. kuniedae) 2} H] ekl =7 (P. koreana)= €] .2 sl
B 3 Ateloll= d71MDol FLstAY & 119 1712 gho] AANE A, PAHFEA B SR o R A" AT
golg Qi AR A& HALEY AT 0-4bp xfo]E H T3 7 mo g A AETLS dAE o o] T
dom FHI}E 20-23 bp ZelE YEMHATE. I3 T ZsHAl AR = ATk, NS006 (-9 2)& A
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Table 8. Pairwise distances (total character differences) between samples for rbcL sequence data. Dashed triangle indicates the
character differences between three samples of Porphyra tenera and solid triangle indicates those between nine samples of P.
yezoensis and seven samples of Porphyra cultivated by natural seeding from Korea

Sample 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
1 P. kuniedae, Namhae -
2 P. koreana, Pohang 81 -
3 P.tenera, Kawaura, Kumamoto, Japan 83 26 -
4 P. tenera (HMO003), Tongyoung 83 26 I(\)\\-
5 P. tenera (HM007), Cheongsando 81 27 12 2>.-
6 P.yezoensis, Hakodate, Hokkaido, Japan 83 25 20 20 20 -
7 P.yezoensis, Ogatsu, Miyagi, Japan 83 25 20 20 20 |0\
8 P.yezoensis f. nar. “F6-1", Japan 84 26 22 21 21 |1 1>
9 P.yezoensis f. nar. “Midorime”, Japan 83 25 20 20 20|10 0 1 ¢
10 P.yezoensis f. nar. “Saga 5”, Japan 83 25 20 20 200 0 1 0 ¢
11 P. yezoensis (YEZ206), Pohang 86 28 22 23 2313 3 2 3 3 ¢
12 P. yezoensis (CH394), Geojedo 8527 22 22 2212 2 1 2 2 3¢
13 P. yezoensis (HMO012), Wido 8527 22 22 2212 2 1 2 2 3 0 ¢
14 P. yezoensis (HMO014), Daecheon 86 28 22 23 233 3 2 3 3 4 1 1>
15 NSO001, Goheung 86 28 22 23 233 3 2 3 3 4 1 1 2~
16 NS002, Jangheung 8527 22 22 2212 2 1 2 2 3 0 0 1 1.-
17 NSO003, Jindo 8527 22 22 2212 2 1 2 2 3 0 0 1 1 O
18 NS004, Haenam 8527 22 22 2212 21 2 2 3 0 0 1 1 0 O-
19 NSO005, Muan 1 8527 22 22 2212 21 2 2 3 0 0 1 1 0 0 O-
20 NS006, Muan 2 8325 22 20200 01 0 0 3 2 2 3 3 2 2 2 2:
21 NS007, Sinan 8527 22 22 2212 2 1 2 2 3 0 0 1 1 0 0 0 0 2.
AP AQAR A AAE, 9% 9 ohde] PRI A NSW0B(RE 2)& QA MARER] 8l SRl o
ARA T AHEH A o NS006(F-<F 2)2 o] 53 Eej=o] oA AdA=H A
QR WARE 7 2 2R 7)) A 9 sammnrmLzaﬂrmlgﬂM%ﬂ%ﬁuEa%
ITSL 47|Me 24 & d7olx Ajze] A4= A4 R AT BAG FRARE W) ARl 3627 bp
T k2 79l ITS1 471 -¥E S GenBankel] 553131 th(Table ?HH%D}(TabIe 10). #-3HxI5.2] AT ratios 54.8% % 2™
1). A3 ITS1 g714<9 AEE GenBankol| A 43k 218 transitionz} transversion®] H]-&-2 159022 SSU exon A&
(Table3) & x&3}o] = 31/le] AlE 39bpE /=AUt 9} ITS1 A7 Hu+= =3 rbel AREYE Wi,
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Table 10. Nucleotide composition of the SSU, rbcL and ITS1 alignments and statistics from maximum parsimony analyses of the

individual and combined SSU exon, rbcL and ITS1 data sets

SSU
] Downstream rbcL ITS1 Combined
Upstream intron Exon -
intron
Number of taxa 15 18 14 21 31 14
Nucleotides (bp) 994 1,785 977 1,446 399 3,627
AT ratio (%) 449 51.6 45.9 60.1 49.3 54.8
Ts/Tv ratio 0.826 0.905 1.326 3.893 1.052 1.590
Variable sites (%) 55 (5.5) 71 (4.0) 84 (8.6) 107 (7.4) 67 (16.8) 116 (3.2)
Informative sites (%) 22 (2.2) 7(0.4) 62 (6.3) 28 (1.9) 34 (8.5) 55 (1.5)
Divergence (%)
Between all taxa 0-8.0 0-0.6 0-9.6 0-57 0-133 0-23
Between P. tenera vs. 16-8.0 0.1-0.2 0.2-9.6 14-16 58-7.7 12-15
P. yezoensis
Within P. yezoensis 0-28 0-0.1 0-75 0-0.3 0-14 0-0.3
Number of MP trees > 10,000 229 5 1 > 10,000 9
MP tree length 56 72 110 114 79 131
Consistency index 0.982 1.000 0.773 0.974 0.924 0.954
Retention index 0.980 1.000 0.877 0.963 0.949 0.957
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