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Analysis of mutant genes in the cultured mutant strain of
Porphyra yezoensis
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Nucleotide sequences in four loci of the Porphyra yezoensis genome were compared between wild and
green-type pigmentation mutant strains. Approximately 3 to 10 % of nucleotides varied in two loci by sub-
stitutions, additions and deletions of nucleotides. However, in the other two loci, nucleotide sequences
were identical between the two strain types although previous data of RAPD analysis suggested variations
in the nucleotide sequences. Southern-blot analysis showed that all of the nucleotide sequences found in
the 4 loci were repeated over the genome and the frequency of repetition differed between the two strain
types. Nucleotide sequences in two loci showed 100 % nucleotide similarities with those of retrotranspo-
sons in higher plants. These results suggested that the spontaneous mutation of Porphyra vezoensis was
brought about by retrotransposons as well as nucleotide conversions.
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Table 1 . Primers used for amplifying and sequencing of the DNA regions named
A-11-04-m, A-12-1.2-w, A-16-0.7-m and C-20-0.8-m in the genome of

P. yezoensis.

Primer 5-3 sequence

A-11-0.4-m

Forward GTGGAGATGATTCAGGATGG

Reverse ACCAAGTCAGGTCCAACTCG
A-12-1.2-w

Forward CCTTGGGACGTTCCCGTTGA

Reverse CCGAGATCGCAAGGCCTGCT
A-16-0.7-m

Forward AATGTATTGGGGCACAAGCG

Reverse CGCGAATTCAGTACTCCGGC
C-20-0.8-m

Forward CCGCTGGGAGGTCTACGATA

Reverse

ACATGGATCCAGACGAGGGC
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Fig. 1 .
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AAGGTCTTCAGTAAGCTCCCCTCAAGCCAGCAGGCACTGGCAAGTGCGGGCGGGCAACAG —60
AAGGTC TCAGTAAG TCCCCTCAAGCCAGCAGGCATGGGCAAGAACGGGCGGGCAACAG

GCCACCCCGACTCAGTCGGGAGTTCGCTCGGGTGACACTTCTGATGTGGGTGGGCCGAAG —120
GCCCTTCCGACTCAGTCGGGAGTTCAGTCGGGTGACACTTCTGTAGTGGGTGGGCCGAAT

TCTGGCCACCGTGTGGTACACTCAACGGGA -150
TGCGGCTACCGTGTGGTACACTCAACGGGA

GTATACCTCAGCCACGTTAACGTGGCTCCCTTGTAGATTCAGGTCCCTGACGATAGCTGT 60
GTATACCTCAGCCACGTTAACGTGGCTCCCTTGTAGCGTCAGGTCCCTGACGATAGCTGT

CTGTCCTCTCTTAGTCCCGTCGGCCTCTTGCAGCTTGACGGTCCTCCGGCCCGGCCGGAT ~120
CTGTCCTCTCTTCGTCCCGTCGGCCTCTTGCAGCTCGACGGTCCTCCGGCCCGGCCGGAT

TTCATCAACGTGAACGTTGATGAAGGTGCACCCCAGTATGCAGGGCACAGATAGAGTCTC -180
GTCATCAACGTGAACGTTCATGAAGGTGCACCCCAGTATGCAGGGCACAGATTGAGTCTC

ACACACCAGGAAGTCAACTTCCGTAGTGAGCTCCCCGATGGTGACCTGCAGCGAGATCGCT —240
ACACACCACGAAGTCAACTTCCGTAGTGAGCTCCCCGATGGTGACCTGCAGCGACATCGCT

GCGGTCGTACGAATGAGACGACCATTCGCA CCTTGATCGTGGGTCCCCGAGCAACTCTG -300
GCCGTCGTACGAATGAGACCACCATTCGAATCCT TGATCGTGGGTCCCCGAGCAACTCTG

ACTCGCGGGA -310
ACTCGCGGGA

Nucleotide sequences of the A-12-1.2-w and C-20-0.8-m regions in the
genomes of wild and mutant strains.

(a): A-12-1.2-w region, (b): C-20-0.8-m region. Shaded areas indicate
homologous nucleotides in the alignments. Numbers indicate nucleotide posi-
tions.
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Fig. 2 . Nucleotide sequences of the A-11-04-m and A-16-0.7-m regions in the

genomes of wild and mutant strains.
(a): A-11-04-m region, (b): A-16-0.7-m region. Shaded areas indicate
homologous nucleotides in the alignments. Numbers indicate nucleotide posi-
tions.
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ACCAAGTCAGGTCCAACTCGGGTGACGCTACCAATCAAGGGCGAATTCCAGCACACTGGC -60
ACCAAGTCGAGGTCCAACTCGGGTGACGCTACCAATCAAGGGCGAATTCCAGCACACTGGC

GGCCGTTACTAGTGGATCCGAGCTCGGTACCAAGCTTGGCGTAATCATGGTCATAGCTGT -120
GGCCGTTACTAGTGGATCCGAGCTCGGTACCAAGCTTGGCGTAATCATGGTCATAGCTGT

TTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAA 180
TTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAA

AGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAAGTCACATTAATTGCGTTGCGCTCAC —240
AGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCAG

TGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCG —300
TGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCG

CGGGGAGAGGCGGTTTGCGTATTGGGCGCTC -331

CGGGGAGAGGCGGTTTGCGTATTGGGCGCTC

GATTGGTAGCGTCACCCGAGTTGGACCTGACTTGGTAAGGGCGAATTCTGCAGATATCCA —60

GATTGGTAGCGTCACCCGAGTTGGACCTGACTTGGTAAGGGCGAATTCTGCAGATATCCA

TCACACTGGCGGCCGCTCGAGCATGCATCTAGAGGGCCCAATTCGCCCTATAGTGAGTCG -120
TCACACTGGCGGCCGCTCGAGCATGCATCTAGAGGGCCCAATTCGCCCTATAGTGAGTCG

TATTACAATTCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACC -180
TATTACAATTCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACC

CAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCC 240
CAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCG

CGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGACGCGCCCTGTA -300
CGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGACGCGCCCTGTA

GCGGCGCATT AAGCGCGGCG GGTGTGGTGG TTACGCGCAG CGTGACCGCT ACACTTGCCA -360

GCGGCGCATT AAGCGCGGCG GGTGTGGTGG TTACGCGCAG CGTGACCGCT ACACTTGCCA

GCGCCCTAGC GCCCGCTCCT TTCGCTTTCT TCCCTTCCTT TCTCGCTACG TTCGCCGGCT -420

GCGCCCTAGC GCCCGCTCCT TTCGCTTTCT TCCCTTCCTT TCTCGCTACG TTCGCCGGCT

TTCCCCGTCA AGCTCTAAAT CGGGGGCTTC -450
TTCCCCGTCA AGCTCTAAAT CGGGGGCTTC
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Fig. 3 . Southern-blot analysis of genomic DNA with four DNA fragments specific for
the wild or the mutant strains as probes.
The numbers above lanes indicate DNA from wild (lane 1 and 3) and mutant
(lane 2 and 4) strains. The genomic DNA was digested by EcoR I (lane 1 and
2) or BamH 1 (lane 3 and 4 ) and coelectrophoresed. Southern hybridization
was carried out with A-11-04-m (a), A-12-12-w (b), A-16-0.7-m (c) and
C-20-0.8-m (d) fragments as probes by reprobing of the same DNA filter. The
size of the DNA standard is indicated in Kb on the left sides.
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A-11-0. 4-m

Cicer arietinum

AGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGT TATCCGGTCACAATT —-60
AGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGT TATCCGCTCACAATT

CCACACAACATACGAGGCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGC —120
CCACACAACATACGAGGCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGC

TAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGC —180
TAAGTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGC

CAGCTGCATTAATGAATCGGCCAACGCGCGGGAGAG —216
CAGCTGCATTAATGAATCGGCCAACGCGCGGGAGAG

Fig. 4 . Comparison of nucleotide sequences between the A-11-0.4-m region of P.yezoen-
sts genome and the Cicer arietinum retrotransposon.
Shaded areas indicate homologous nucleotides in the alignments. Numbers in-

dicate nucleotide positions

A-16-0. 7-m

AATTCGCCCTATAGTGAGTCGTATTACAATTCACTGGCCGTCGTTTTACAACGTCGTGAC —60

Arabidopsis  AATTCGCCCTATAGTGAGTCGTATTACAATTCACTGGCCGTCGTTTTACAACGTCGTGAC

TGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCAC —103
TGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCAC

Fig. 5. Comparison of nucleotide sequences between the A-16-0.7-m region of P.yezoen-
sis genome and the Arabibopsis thaliana transposon.
Shaded areas indicate homologous nucleotides in the alignments. Numbers in-

dicate nucleotide positions.

» 1) (AC007018) L ko k5 ¥ ARV YRTF XA »
OFEEH % LB L 72, TN 5 OB TIZF 2 n#220
WEB L OI00EE > THEL D, wihdEhe
hoL +1bT 2 AR I2100% DIEFEIEUE AR L 72,

4 E

A-12-1.2-wdB L UNC-20-0.8-mTABC 13 #7150 —3101E 5
DHETIO~1EDIEENEEL Tz, ThoOREITSE
R UTRAGBESZORRIES L T e R,
HHVE, AV )BERKREIICE S AIEEL LD
ZKE BIL, DNAZE" OHFAIZ AL ER L OIS
FTh b, ThiE, £2OFEHTA-I12-1.2-wB LT
C-20-0.8-mAA OIEEEF & T LT, ZOMERIIBIT
HDNAZEIZBES i L, KRR CHAT L 2ER L
THILTRETH D,

A-11-0.4-mB L FA-16-0.7-miEBUZ (ZIEENEE e
CHRIE SN o7z, 2D O, RAPDIITIZ B,
THARIGER & CRRERARRC/X > Fovy - o
PEESNHEBTH L, Fig. 21 IR LEFERPD, 2
NHD/NY — 2 OFENIEEROBER L SIEEERIZL - T
FLbDOTHRL, INLOMHEED Y ) L FTORIEHEE
DENE BB D LRSI N,

BREHI B 5 EERY] (DNAKF) 07/ L LkTo
BHERLRAI LS, AHEBICH HIRERY) (F721
HUOEY]) T TH /A RIZHAEL TWA 2 & HURmE
Bz, BRI, C-20-0.8-mAMIC R 5 L2 DNARCHI i3 Hi
OTEELT /L BICEIEL Twb ZEPRg sz, £
72, Fig. 3WRLAKEDLS, C-20-0.8-mfEDNAZD
WTIEE o &) Lado 72285 {OEBODNA (B 5 i,
FASIZELL L 2DNA) BEFNIZOWTIE, W) Bk
Btk L O EAARRRAI T A L TORIEEEIC



A ) BEBILT OB 195

EEPHHIEDREE NS, LA L, Fig. 3IRLZY
FINLT)F ALY~ a YERTIE, AR L OE
BERAERRBRE CERODNAR T Az b oo, i
EB L BT ERAVIDNADEEER Y T> Tl wy,
0D, REEEORHARIIOWVWTIESES bIFE
PLEIZE bR,

2 DOEEREIBCHMAT S N DNABRFIZE S L b
O k7 AR EEREUEERNAEATHE, 20
ZEds, THHMEBODNAZL PO FT AR Y (D
1ER) && 2 iz, W, MREANEE, EIRRESES
RO L ZE LSRR, o, LR TETE
DACLAIEECH - Th, ERERICL MO T Y ARY
YHRECHDY, FEROMEY L FEROELERY) & #hE
ERoTnh T REHBRFENCETH- T2, T2,
A-12-1.2-wB L UC-20-0.8-mTAIKDDNARF L, Fig. 3
WIRLZTUNA TN F A E— 2 VERIZBWTET
Y- OFEPREI NS b b, Zih EfRR
SEHEML M T Y AR VBB EN LTz, IO
ZEdS, A-12-1.2-wB X UFC-20-0. 8-mAHIBDNARLH L
FLEIED 5 VIE AT E 2 IR P T YRR (DD
wid, #hoo 18 OWEESHH, T H5DNATHE
DIRHCFEM 2 S IR 1 BURATS 727z,

Bl &f
BT~ /) (WEEE 55 B L ORBEERE (5
FIAYE I N A) OFEREKEB L ORIRIEE T2
P EREAAIAKEY v ¥ — OB 7 5 U8
B, “REZOZRIGECEHBELLETET,

1) N ERI2EEFEEAFRED /) AMEL B
ORIETE #HE & iR, 62, 1-12 (2001).

2) FEHRLIG  AERBRE ORLE, BE LIBE, 62, 13-16
(2001) .

3) WIS AF T o n Y- RN R IREFE

ORFEEMRR) , BURILE. KEFIIZ2EF7ERE (1996).

Seum T R E AL T, RRME. B

KEGHEMSHERELR, (2002).

5) FRITEBESMIM A IEH LA ) Bk b
KWLt E s, BUNHARIEERZ E S8R KERE
Wiget > & — R guRERTFERT (2005).

6) ABERME : VBT, RaURF S (2003).

7)ok RENGER, MM A BURIEEZ BT
Y1) (Porphyra yezoensis) DFk IR BERIZBIT A
ERBILFOME AKER TR AR S, 64, 181-188
(2006) .

8) ZHEME . ) 0B FOERKE B OBE BT
32, 11-16 (1978)

9) TiHEEME, EBEFEE D AV Y VOB ERAOER
ToHr. B, 34, 14-20 (1980).

e
~—

10) Miura: Present trends and perspective in Porphyra
(Nori) breeding. Genetics of pigmentation mutants in
Porphyra yezoensis development origin of variegated
gametophytic thalli. Swuisann Tkushu, 15, 19-30 (1990).

11) Y. Mizukami, Y. Kaminisi, M. Kunimoto, M. Kobayashi,
N. Murase, and H. Kito : Comparison of partial nuc-
leotide sequence in the exonic region of a small sub-
unit ribosomal RNA gene for discrimination of laver
(Porphyra) species and cultivars. Fisheries Sci., 64,
886-891 (1998)

12) Y. Mizukami, K. Kito, Y. Kaminisi, N. Murase, and
M. Kunimoto: Nucleotide sequence variation in the
ribosomal internal transcribed spacer regions of culti-
vated (cultivars) and field-collected thalli of Porphyra
yezoensis. Fishevies Sci., 65, 788-789 (1999).



