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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) RHTIZ & - TR,
F— R A W EMIEERVOBREIC L > T, &
ERABICBU A ERBETFRHEREL,

2 MHBLIUVFEE

2.1 XY E/EEK

AWFFECIIEF AR (IEHE) EHEME BlEY  KE 5 %)
REARMRE L, REERERAEEE GEEYL TV
AHFE I RY W) & BRFEEZERIMR L LTHY
720 RAPDIBAFCIE, X5 2 EOBAEE (EHE) #
GETE GEMA B 1EB LU/ 1E) v, B
W T S N2 IS OERE A LB BAHARE L~
& — 3B & UHE [ BB RT  » 7 — F BB R &
BOZI %, BEZBICL > TT7 Y —RiIRMEE LT
BB L7z MRERRIZ & » THITE L 72 7 ) —sRiIRfRoD—H6
ZDNATHI O 72— 20TILRE L 726

2.2 DNAMHH

HHE SRR A AERT okt DNATHF v b
(DNAeasy Plant Maxi Kit, Qiagenft) % B\ THRIKMAEH
SDNAZHIE L7z Sl FEERESo7a b a—-vicfEo

- AT - BA

7oo EFEIGICIR-DNAHIEIZ D WT, S5 IUTO#
fE% 4T o720 DNATHHGEIZ 717 % — AK (R#RBEL00
pg/ml) BLUSDS (RFRE0.5%) ZMA, 55TCI23
BEfERRE T =/ — b« Zunkov sl g 2 \Te, &
A (3200rpm, 104)) LiEZREL, ZOLEPLLY J—
VEBEZ X > CDNAORE S, T HETERW (10mM
Tris~HCI, 1mM EDTA, pH7.5) (CHEHBL CRANR
DNAEW & L7z,

2.3 EREEEFOEN
ERAEDNALE TN A A REFEE Tepe-A, cpe-B,
cpe~AB X Wepe-B, T/, epedA T B L Weped U
Y07 aE Y —ERFNREN OB % AT L 72 R
WFrera sy OEERFE S & IZTable1 {IRL A
PEBEOTIAv—% R Lize 2RO T T4 v L
ERBB L UERERENBROZNENP OB L
DNAZ W TENZNOBEEFEPCRICL o THIES ¥
720 PCROFUSHAR S & OIS HF SR 126t 72,
PCRIZEL » THIEL /-DNAR 7T — A BRKEI L, BN
L+ BADNAWTH # DNARIY - #E#8+ v b (Invitorogen )
HRCTS VS ER L 72, EERGOBIT 21T 72,
EHEEOBiIEY—4 v A% v + (ABIPRISM Dye

Table 1 . Primers used for amplifying and sequencing of the biliprotein genes

Primers 5-3 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, ABIfL)
M, Bl —% >4 — (310 Genetic Analyzer, ABItL)
Z& o THRHT L7z, —EODNARTH IZ2W TR EfEok
B & DIRIERLR O AR EEZ o 72720, FF AT PR
78 = /KW OREEHRFE (TOPO TA Cloning Kit, In
vitorogen ¥, CA) # M\ THIEDNAMT T & 7 o —1{LL
7%, M137 74 <— (Invitorogen #f) # MWV T L L
IR R RS & AT L 7z

Rubisco R T OIIERFI QN IZ D Tid, BESR"
DPCR7 7 4 v — & v, FEEIMRE XL URKERBKRE
NENROEDNAZ HE L L TRubiscolRIZT % #IEH%, L
AL & [ F ik TlHE T O3B IEACH) & i L 72,

Y= v - TRGEERNOT- 5 £ b L, BIET
f@#~2 7 b (DNAsis-Mac Ver 3. 4, Hitachi Softwareen-
gineering t1) AW T, HEMEBEMZT B L FRubisco
TRRTAZ D TW AR & 2220 SRR [ o J -8
&M L 720

2.4 RAPD-PCRIZEIC & 3 BIzFEEDEMN
BESR' 12fEVy, RAPD-PCR%ATo7z, Thbb, W4
Bikd 5 VI RALERRBROESDNATHR L L, 10852
PHERETIAT—EHOTRIGHZRAR L2k, h%
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L, 94C— 1%, 36C—14, 72C— 24, ¥4 7 %45
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~C-20) DG, AV YEF S A RERME L CHE
Phd % WHEZRDNARTH 2 B 2 75 1 < — 401 % #iR
L, Ihbxfwvl, tREFhO7I 47—l Lk > THIR
SNPCREM % 7T HO—AF VERKI L, KB/ ty—
¥ (RAPD/SS — ) #7534 =w— T LB Rk & 225
ZERBIGRE T L 72,

RAPD/S % — % b LI LT, B4R L s Rt
B OMETEME KO 5KD 72, B/ (2 A—B) X100
(%), 72721, A :40FHEORAPD/Y —» DHFTHER
P& e BAIBRICIRIE S L 2DNAN > FE, B 4078
HORAPD/ Y — > O CEAERIER & s BB T
LB —H L2 &DNANY FE, & L7,

2.5 RERFEHOEEERI OB & FLEET
DIRFR
B A b &SRB RN T L0 & S BET (EIER

Bl) AEELTwLez#HRL725, RAPDET TR
DNAMWTH 35 X U'DNARKT A R 85 O3 IERCH & f# T L 720
RAPDFAT 12 B\ CHF AR & 22 R BRI THEAR T
FEASR 7% ZDNAWTH 2 Bt FETy v sEIL, =
No% ERELMERRIC TS AI RNy —2HwTra—>
bk, YEELFEHI%MFHEL 7o DNARTH OWA B £ O
A L Tv 2 EEE0RIERY 22Tk, DNAKA
OIS % b L ICRETLAZPCR7 I 4 v — L &'/ LDNA
FRWI Y=o =3 VELE TR LY, V=2
TA—FFETA—F 7%y b+ (TOPO Walker Kit,
Invitorogen ) #HwW, FFERFEHFO 7o ba—viZfE-
o

fEEaE L 7= dHFERCY & L R & R T & s
F-7—# 3 7DDB] (DNA Data Bank of Japan) (2L-T
3 L7z,

3 @& R

3.1 RENEFREEFH L UPRubisco@zF
Fig. 1 ICAH ¥ /1) B #IERS X O R Rk o 32k

Fig. 1. Thalli of wild and green-type mutant strains of
Porphyra yezoensis. (a): Wild-type strain, (b):
Green-type mutant strain.
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AR LT, AV EY ) BEAROEREIZRVAEAE
2L, —F, MBEENKS S TIFEI P AOFEREK
BB EELTWA, MEERIMKIIBTE 7128 ¥
ERHO74avy 7oy e, fBEU T2 A v, f
OFNFNNIFIET S EETcpe-A, cpe-B, cpe-AB LT
cpe-B, F72, TNLHBEETFOTUE—F —THbeped X
Oy Uy —HEB L Peped U ¥ 70Ty —HIHIC

(a)
Wild

mutant

DWTEFNFNIRREFI 2T L, BEBEKozhAL LT
L7, €512, RubiscoldBEEHE TR VA, CO-
EEICEHENES T A AROEBRETH LI L2 HI0H
ETFOERIZODWTHIA L2, Fig. 218, —Hl& LT,
epe-A, cpe-ABET B L URubiscoB (T D R~ — —4H
WOEEETNC oV TE AR L B EREBRE C L
72RAER L7z, Table2id, fATL/27 «+ 2 &R

-210

(b
Wild
Mutant

-390

(c)
Wild

Mutant

CTGC 200

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) epe-A genes, (b)cpe-A genes, (¢)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
cpe-A(339)
cpc-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.

BF, 74a2¥) YEESEFIIES—EHEB LD
RubiscoBfEZFICB VT, BARK L RELERRECE
£ (BIR, RES) o EEREF LD TH 5,
Fig. 2 B L UTable 2 2262 X 510, AELATA
TO7 42 YEERREFBLIPENLDTOES —
WU ITIE AR OZR G E& CRIB SNk D2 o 72, Rubisco
BEFIIBWTIE, ARV -G 2 BEOEREIHD
N7zDAT, KENTFBLOVNERT 2 — 74 » 7HE8IC
BIEERFIOERIEZR N> 72,

(a) (b)

M 1 2 3 4

M 12 3 4 M 12 3 4

3.2 HHEUMKERETEUMBOEET
L

WEED 754 7% FHORAPDINTIZ X » T, B4
Bk & R BB OBEFER LT L 2. Fig. 312,
FNENABEO T T4 v — & AVEORAPD/N Y —
e LCRL:, MBI TERBBEL—H L T2
NV RBSEE SN, L TWwB Y RSN,
BEREKROMMIR LN, HEEEERIIEGHE L TWa N
YR RwL O, #Hiz, REERMROLIS - T, B

(e) (d)

M 12 3 4

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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FIRRICIZ FIUSHIE LTV B NY RV D% B
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3.3 ZEEESIREAS L BULERET
(IREECS]) DigZR

RAPD/SS — VBV CE AR S 5 I3 5REFIk
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-12-1.2-w B L UC-14-0.7-m & ZOV) 72 0 IE R
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(DNAWTE) & [Eik7Z2 38305 % o {ET GREES)
#DDBIIZ & D HRE L7z, Table SIIMRBEORKREE F Lo/
bDOTHD, SOMEEL FOIEHLETH60% Ll EOBEUE %
bbb, FOFTRLIENEOBVEET (RERS) %FE
WRLZz, 72720, ST S & 3BHIcoWw T
60% L)L EOJERIEE 2 R4 BET (GEEEY) BT H
EBTELDoT, T2, 2TEEICOWVTIZE0% L ED3H
PE% b DEFIIRE SIS, 4427 LTS THS
PICENTIREEFIPRBE SN DOAT, BEFHBLY
BRIETHEHTH o7, BRY 3EEIIOWTE, BWELE

A-12-1.2-w

THEHEFHL PO b5 AR Ii—5% L, EREPHEEX
NEEEFTRTHL b b5 VARV VEETFH B
BFRICEE L BN TH -7,

4 £ =

FEERMKROERFIEICREETEL, L7 2
V) YREEFRNTHEIEDS, IhLEOBEIIDW
THEBETFOEEYANL, LI L, Fig. 28IV
Table 2 [Z/RL72 & 512, 74 a8 Y REFEHRETOHE
HEFICEREIRONT, 72, REROBBREET T
& B RubiscolBfETF O 2 — 7 FHEBIZ L ERITE (R
SN orz, Ohmes™” B L UYan 5 (G EFARIRE &k
BEBERBROREIC & » TE U AERMRI BB LGB0
FAIREETHILERE L, REEEKROERERT
WEEIE TS5 2 L2 RIB L7, ARICBIT 5364
BRBET OMEFN OB RIS OBEL /T2 H 0
THol,
ZDNADRAPDFEITIZ X 5 BF e Tfk & S fa 2 IR
MG TFHEUEI380.1% TH o 7o JNIES > (IBIET </
V) BF ARk 3 BB OB TIEMEE L, £DNA% Vv /2RAPD
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AR LR RN OBETELE R, A%
RONTEUEICHRTEL RN E0s, FERE

e

AAGGTCTTCA GTAAGCTCCC CTCAAGCCAG CAGGCACTGG CAAGTGCGGG CGGGCAACAG -60
GCCACCCCGA CTCAGTCGGG AGTTCGCTCG GGTGACACTT CTGATGTGGG TGGGCCGAAG -120
TCTGGCCACC GTGTGGTACA CTCAACGGGA AGCGTCCCAAG GGGTGAGGAG TGTCCAAGGG -180
TGTAACTTGT TGAAAGTATT CAGAGGCTAG GATAAGTCCT CGACTGGGCC TAAGGGCGAA -240
TCCAGCACAG TGGCGGGCTG TTACTAGTTG GATTAGGAG -279

C-14-0.7-m

CCTTGAAGGG TTCACGTTTC TACATGCCCA TGTGCATCAA GACCTGCCTT ACTTACATAC -60

AAGAGCATCT AATTAGTCTG TGCTGCTGCA GAGGTAGTTT CGATCTTCTA CAAAGAGTCT -120
GCTTCTGCTG CCAGTGGCAG CAAGCCTACT CGACAACATC TGACGGCGTT GCCGATCGTG -180
CGCATTCACC ATCAAGGCCG CAGGGAAAGT TAAACAACCC TCATCTTACT TGGCTTTTAC -240
AGTTTGCGCT CGGCTCGCTG CAGCCTCGTG ACAGCAGAGG TGCCCGCTTG ACGCTTGTTT -300
GATTGCGGCG GCGTCGGCCA AGCGTCATCC AATCTGTCGG TCCCTGCTAA TACGAGCCGA -360

CTGTGTTTAA TCTGGCCAT -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)

Similar nucleotide sequences
(Access No.)

Name Size (Kb) Primer and strain
A-11-04m 04 A-11, mutant
A-11-0.5-w 0.5 A-11, wild
A-12-1.2w 1.2 A-12, wild
A-16-0.7m 0.7 A-16, mutant
B-03-0.8'm 0.8 B-03, mutant
B-19-0.56-m 0.5 B-19, mutant
C-14-0.7'm 0.7 C-14, mutant
C-20-0.8m 0.8 C-20, mutant

Cicer arietinum Ty1l-copia retrotransposon
(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)

%3

*1

Oriza sativa genomic DNA chromosome 10
OSJNBa0029p06  (AC090873)
Oriza sativa genomic DNA chromosome 10
(AE017055)

*1

*1: Similar sequence was not detected.
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