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Search for mutant genes in the cultured green—type
mutant strain of Porphyra yezoensis

Yuzuru Mizukami*!, Takehito Kawasaki®!, Noboru Murase®?, and
Masahiko Kunimoto™?

The green-type pigmentation mutant strain of Porphyra yezoensis was examined for the genomic genes re-
lated to the pigmentation mutation. Although this strain is a pigmentation variant , the nucleotide se-
quences of six phycobilin-related genes and ribulose bisphosphate carboxylase-oxygenase (Rubisco) cod-
ing regions did not vary between the wild and mutant-type strains. The RAPD analysis of the total geno-
mic DNA showed 80.1 % similarity of DNA fragments between these two strain types in the electrophoretic
mobility. From DNA fragments specific for the wild or mutant strain in the RAPD pattern, eight fragments
(eight loci) were chosen arbitrarily for the analysis of nucleotide sequences. Three of the fragments con-
sisted of nucleotide sequences similar to those of retrotransposons in higher plants. For other five frag-
ments, no corresponding gene was specified by the gene bank searches.
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(Random Amplified Polymorphic DNA) f##T12 & - TR,
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Table 1 . Primers used for amplifying and sequencing of the biliprotein genes

Primers sequences
cpe-A
Forward TTTGACCGCGCTGCTGTATCTGT
Reverse ATGGCTAGCACTATAGGGTGAAC
cpe-B
Forward TCAGCTTTGAGAATTTCGGTATT
Reverse TCAGCAGATGCAATTCTTC AGT
cpe-A
Forward CTGAAGTAGCTAGCTATTGTGAT
Reverse GCATCGCAGTAAGCAAGCCACCA
cpe-B
Forward TGACAGTCGAAACAGTGAAGTCC
Reverse ACCAGCAGCATCTGCTGCTGCACTGA

cpc operon promoter
Forward
Reverse
cpe operon promoter
Forward

Reverse

CCGTGCAAGTTGGCTAATAGAGCC
TTGCGTCTGCTTGAGCTACAACT

ACCCGTTAAATCTTGAGAGAAAGCTC
CTACAACTCTGGAAAATGCGTCA
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Terminator Cycle Sequencing ready Reaction Kit, ABIfT)
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Y= = TRERRS O T - v 2 b LI, BT
fi## 7 b (DNAsis-Mac Ver 3. 4, Hitachi Softwareen-
gineering ff) #HvC, NERBZEET B L P Rubisco
BRI OV TR R & 2R R RIPRH OB A0
TR L 72,
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Fig. 1 . Thalli of wild and green-type mutant strains of
Porphyra yezoenstis. (a): Wild-type strain, (b):
Green-type mutant strain.
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7o &R L7z, Table2id, BT L7727 ¢ ) v ELEE

Wild TTAACTAATAATGCTCAACGGCTAATTACTGGAGCAGCTCAATCCGTATATACTAAGTTCCCATATGTAA -70
mutant TTAACTAATAATGCTCAACGGCTAATTACTGGAGCAGCTCAATCCGTATATACTAAGTTCCCATATGTAA

CTCAAATGCCTGGTCCAACTTATGCATCTAGCGCAATTGGTAAAGCCAAATGTGCAAGAGACATTGGTTA -140
CTCAAATGCCTGGTCCAACTTATGCATCTAGCGCAATTGGTAAAGCCAAATGTGCAAGAGACATTGGTTA

CTACCTACGAATGGTTACATATTGTTTAGTTGTTGGTGCCACAGGCCCAATGGATGAATATTTAGTTGCA -210
CTACCTACGAATGGTTACATATTGTTTAGTTGTTGGTGCCACAGGCCCAATGGATGAATATTTAGTTGCA

GGATTGGAAGAAATCAATCGCAGTTTTGAACTATCTCCAAGCTGGTACGTTGAAGCACTACAATATATTA -280
GGATTGGAAGAAATCAATCGCAGTTTTGAACTATCTCCAAGCTGGTACGTTGAAGCACTACAATATATTA

AAGGTAGTCATGGTTTATCAGGTCAAATTGGCAATGAAGCAAATGTTTATTTAGATTATGCTATTAATAC -350
AAGGTAGTCATGGTTTATCAGGTCAAATTGGCAATGAAGCAAATGTTTATTTAGATTATGCTATTAATAC

ATTAAGCTAAAAATTGCCTGAGACTCTTTCTATAAGTTA -390
ATTAAGCTAAAAATTGCCTGAGACTCTTTCTATAAGTTA

(b)

Wild ATCCAACGTGCAGCAGCTCGACTAGAAGCAGCTGAAAAACTAGCTAGCAACCATGAAGCAGTTGTTAAAG -70
Mutant ATCCAACGTGCAGCAGCTCGACTAGAAGCAGCTGAAAAACTAGCTAGCAACCATGAAGCAGTTGTTAAAG

AAGCTGGCGATGCTTGTTTTGCTAAATACTCTTAGTTGAAAAATCCAGGTGAAGCTGGTGACAGTCAAGA -140
AAGCTGGCGATGCTTGTTTTGCTAAATACTCTTACTTGAAAAATCCAGGTGAAGCTGGTGACAGTCAAGA

AAAAGTAAACAAATGCTACAGAGATGTAGATCATTATATGCGTCTAGTTAACTACTGC -200
AAAAGTAAACAAATGCTACAGAGATGTAGATCATTATATGCGTCTAGTTAACTACTGC

(c)

Wild TTTAATGACTACTTACTGATACTTTAAATAGTTAATTGTAAGTAAAATTAACTTATAACAATAAGGAGCA -70
Mutant TTTAATGACTACTTACTGATACTTTAAACAGT TAATTGTAAGTGAAATTAACTTATAACAATAAGGAGCA

TAGAATA -77
TAGAATA

Fig. 2 . Nucleotide sequences of the cpc-A and cpe-A genes and the spacer regions of Rubis-
co genes in the wild and green-type mutant strains.
(a)cpe-A genes, (b)cpe-A genes, (c)spacer regions of Rubisco genes.
Shaded areas indicate homologous nucleotides in the alignments. Numbers indicate

nucleotide positions.
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Table 2 . Similarities of nucleotide sequences of the biliprotein and Rubisco genes between wild

and mutant strains.

Genes (lengths *')

Similarities ( %)**

Biliprotein genes
cpc-A(339)
cpe-B(292)
cpe- promoter(383 )
cpe-A (198)
cpe-B (786)
cpe-promoter (373 )

Rubisco genes
Large subunit (1467 )
Spacer region (77 )
Small subunit (602 )

100
100
100
100
100
100

100
97
100

*1: Numbers of nucleotides analyzed in this study.

*2: Nucleotide similarities between wild and mutant strains.
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Fig. 3 . RAPD patterns of genomic DNA from the wild and green-type mutant strains.
The numbers above the lanes indicate DNA from wild strains (1: Saga-5,2:
Fukuoka-1,3: Noma- 1) and the mutant strain (4: Narawasusabimidorime).
RAPD reactions were performed with primers A-11(a), A-12(b), A-16(c) and
C-20(d). The size of the DNA standard is indicated in Kb on the left sides.
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AAGGTCTTCA GTAAGCTCCC CTCAAGCCAG CAGGCACTGG CAAGTGCGGG CGGGCAACAG -60
GCCACCCCGA CTCAGTCGGG AGTTCGCTCG GGTGACACTT CTGATGTGGG TGGGCCGAAG -120
TCTGGCCACC GTGTGGTACA CTCAACGGGA ACGTCCCAAG GGGTGAGGAC TGTCCAAGGG -180
TGTAACTTGT TGAAAGTATT CAGAGGCTAG GATAAGTGCT CGACTGGGCC TAAGGGCGAA -240
TCCAGCACAG TGGCGGGCTG TTACTAGTTG GATTACGAG -279

C-14-0.7-m

GCTTGAAGCC TTCACGTTTC TACATGCCCA TGTGCATCAA CACCTGCCTT ACTTACATAC -60
AACAGCATCT AATTACTCTC TGCTCCTGCA CAGGTACTTT CGATCTTCTA CAAACAGTCT -120
GCTTCTGCTG CCAGTCGCAC CAAGCCTACT CGACAACATC TGACGGCGTT GCCGATCGTG -180
GGCATTCACG ATCAAGGCCC CAGCGAAAGT TAAACAACCC TCATCTTACT TGCCTTTTAC -240
ACTTTGCGCT CGGCTCGCTG CACCCTCGTG ACAGCAGAGG TGCCCGCTTG ACGCTTGTTT -300
GATTGCGGCG GCGTCGGCCA AGCGTCATCC AATCTGTCCC TCCCTGCTAA TACGAGCCGA -360

CTCTCTTTAA TCTGCCCAT -379

Fig. 4 . Nucleotide sequences of the A-12-1.2-w region (fragment) in the wild-
type strain (shown in Fig. 3) and the C-14-0.7-m region (fragment) in
the green-type mutant strain (not shown in Fig. 3 ).

Numbers indicate nucleotide positions.
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Table 3. DNA data bank search for homologous nucleotide sequences with those of eight regions ( loci ) varied
between genomes of wild and green-type mutant strains.

Regions (loci)

Name Size (Kb) Primer and strain

Similar nucleotide sequences
(Access No.)

A-11-0.4-m 0.4 A-11, mutant
A-11-0.5-w 0.5 A-11, wild

A-12-1.2-w 1.2 A-12, wild

A-16-0.7-m 0.7 A-16, mutant
B-03-0.8-m 0.8 B-03, mutant
B-19-0.5-m 0.5 B-19, mutant
C-14-0.7'm 0.7 C-14, mutant
C-20-0.8-m 0.8 C-20, mutant

Cicer arietinum Ty1-copia retrotransposo n
(AJ535749)

Oriza sativa copia-type retrotransposon
(AB014755)

Lotus corniculatus genomic DNA chromosome 1
(AP004491)

Arabidopsis thaliana genomic DNA chromosome 1

BACT7P1  (AC018908)
Arabidopsis thaliana non-LTR retroelement
(AC007018)

*1

*1

Oriza sativa genomic DNA chromosome 10
0SJNBa0029p06  (AC090873)
Oriza sativa genomic DNA chromosome 10
(AE017055)

*1

*I: Similar sequence was not detected.
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