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The red alga Porphyra yezoensis Ueda is an economically important marine species cultivated
extensively in Japan, Korea and China. It has recently received great attention as a candidate for the most
viable macroalga for investigation at genome level in marine plants. In an effort to develop P. yezoensis as
a model system for genetic studies and several applied fields, it is desirable to construct a high density
genetic map based on DNA markers. Although DNA "sequencing is a straightforward approach for
identifying variations at certain loci, it is expensive and laborious. Moreover, since phenotypes are not
always rigid criteria for identifying general variability or specific heterozygosity, -molecular markers are
how recognized as convenient tools not only for genotyping and variability analysis, but also for mapping
various traits, cloning important genes and identifying appropriate sources for gene introgression. Various
types of molecular marker have, therefore, been developed in the past few years to evaluate DNA

sequence polymorphism.

In our laboratory, establishment of P. yezoensis as a model organism for marine plant has been
set up as an important theme of research for over a decade. As a part of the ongoing efforts, I undertook a
subject for my thesis with the following objectives: | ‘
1. To identify the 10 pure lines of P. yezoensis-related species for confirmation of species recognition
based on detailed morphological observation as well as molecular biological analysis.
2. To examine the utility of a molecular marker (CAPS: cleaved amplified polymorphic sequence) for
assessing genetic variation in the 10 strains of P. yezoensis-related species and for selection of suitable
combination of parents for cross-fertilization.
3. To exploit molecular tools for screening and confirmation of hybid performance, namely, determining

their utility in selection of cross-fertilized heterozygotes.

- Important research findings of my work are:

1. Understanding of species boundaries in two closely related species, P yezoensis and P. tenera
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based on detailed morphological studies in conjunction with molecular biology techniques.

All 10 P. yezoensis-related species used in this work were successfully established as pure lines.
The' phylogenetic relationship among the 10 strains was examined to confirm their identity based on
detailed morphological observations and their SSU rDNA sequences. All 10 thalli were entire margin,
monostromatic and monoecious. The division formula was 64 (a/4, b/4, c/4) for spermatangium and 4
(a/2, b/1, ¢/2) for carposporangium. In comparison with the other strains, the three Korean strains, KTY1,
KTY2 and KTY3 were characterized by long spindle-shaped carpogonium having conspicuous tricogynes
while the other seven ones were characterized by elliptical or ovate carpogonium having inconspicuous
tricogynes. From the detailed observations, it was confirmed that these 10 strains are extremely similar in
their features; therefore, these morphological criteria are lacking reliability for confirmation of species
recognition. _ :

The SSU rDNA structures were categorized into three types by differences in the number of
intron(s) and its position; (1) TU-1, TU-2, TUH-25, JHU and KPH had a 516 intron ranging from 510- to
517 bp inserted in an upstream location. (2) KTY1, KTY?2, KTY3. and KGJ had a 1506 intron ranging
from 521- to 524 bp inserted in a downstream one. (3) JHS had both the 516 and 1506 introns in size of
513- and 525 bp at the nucleotide positions of 569 and 2,318, respectively. From the BLAST search of the
GenBank nucleotide database, all the five Japanese strains, TU-1, TU-2, TUH-25, JHS and JHU, and two
Korean strains, KGJ and KPH, were identiﬁedyas P, yezoensis while the other three Korean strains, KTY1,
KTY2, and KTY3 were identified as P. tenera, although the number of intron(s) and its position were
quite various among the examined strains. DNA sequence analysis of nuclear SSU rDNA would be a
useful and reliable tool to assess discrimination of the specimens for overcoming some of the limitations
associated with the classical morphological approach.

2. Demonstration of utility of CAPS polymorphism in assessing genetic variation within 10 strains
of P yezoensis-related species and in selection of suitable parents for cross-fertilization.

In Chapter I1I, polymorphisms of the three strains TU-1 (wild type), TU-2 (green type) and
TUH-25 (red type) in P. yezoensis were investigated by CAPS analysis with 71 primer pairs based on the
sequences of EST clones. All of 71 primer pairs were initially screened by PCR using their corresponding
¢DNAs and genomic DNAs as templates, and 19 ones were found to be able to amplify the target
sequences. However, with the screened 19 primer pairs and 22 restriction endonucleases (REs), no length
polymorphism in the restriction fragments was detected among the three strains. These results suggest that
the three strains may be too close genetically, and not applicable to a linkage analysis of P. yezoensis using
CAPS markers employed herein. |

In Chapter IV, in order to search an appropriate crossing partner for use in various genetic
analyses, I investigated the genetic variation among 10 strains of P. yezoensis-related species by CAPS
analysis with a total of eight primer pairs designed based on the five gene loci. Those specific primer pairs
for PCR amplification were targeted at three gene regions with intron, EF-/a including 5-UTR, PyARP4
and V-ATPase, and five gene regions without intron, two discrete regions of Btubulin, ORF and 3-UTR
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of EF-1a and TOP2. The PCR products were digested with 34 REs. Genetic polymorphisms between P.
yezoensis strains and P. tenera ones were detected from the examined all eight gene regions with 18 kinds
of RE. On the other hand, genetic polymorphisms between Japanese and Korean strains of P. yezoensis
were detected from five gene regions, ORF and 5'-UTR of EF-1a, PyARP4, TOP2 and V-ATPase, with 14
kinds of RE. The level of intraspecific polymorphism for V-4TPase with intron was much higher than that
for TOP2 without intron. These CAPS profiles showing codominant inheritance will be useful for
confirmation of intra- or interspecific cross-fertilization products between Japanese and Korean P.
Yezoensis or P. yezoensis and P. temera. Two Korean P. yezoensis strains, KGJ and KPH were
recommended as a more suitable candidate for cross experiment with Japanese P. yezoensis strain than
three Korean P. fenera strains, KTY1, KTY2, and KTY3, because higher possibility of cross-fertilization
is expected. This is the first report to examine the genetic diversity in P. yezoensis-related species from
Japan and Korea using CAPS analysis, and the markers developed in this study will be useful as a ready
source for cross experiments to initiate linkage analysis.

3. Verification of utility of CAPS markers based on genetic distance in cross-fertilization and
acquisition of heterozygotes [TU-2 female x KGJ male] for linkage analysis.

Based on the results mentioned above, the cross experiments [TU-2 female X KGJ male] were
performed for the first step in linkage analysis. A total of 42 and 186 wild-type colored conchocelis
colonies were randomly chosen from the controlled- and random-crossing experiments, respectively. The
first screening of heterozygotes was conducted using a codominant CAPS marker in EF-1a (ORF) region
with Mse I digestion. Screened heterozygotes were reconfirmed by CAPS profiles of V-ATPase region
with BamH I digestion. A total of 49 heterozygotes were obtained from six (14 %) out of 42 colonies in
controlled- and 43 (23 %) out of 186 colonies in random-crossing experiments. DNA fragments of
cross-fertilized heterozygotes showed both CAPS patterns of TU-2 and KGJ. CAPS analysis, being
codominant markers, would be an extremely useful method for preliminary screening for rapid
identification of heterozygotes with genetic variation.

In this study, as a part of construction of P yezoensis genetic linkage map, 10 strains of P
yezoensis-related species were established as pure lines and examined genetic polymorphisms using
CAPS analysis. Heterozygotic sporophytes from the cross-fertilization [TU-2 female X KGJ male] were
confirmed and separated by the obtained discriminate two CAPS profiles. It is expected that these results
will serve as a ready source for initiate linkage analysis within the P. yezoensis-related species. In
conclusion, construction of a linkage map in P. yezoensis should facilitate further refinement of this
species as a new model organism in combination with recent success in establishing pure lines and
cryopreservation systems and in generating ESTs.
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T/ VEEDEE (V) LLTHARZIILD, TOTHEIIRBWTKEZD
BER—AZHEDTVS. HF, T~/ VBEYHD | DTHBAY Y/ Y (Porphyra
yezoensis) 1%, EBREML LTHERZEDTWS. ZThET, R¥ ) Y2 EREY
LT T D70, BEEHR, #icHX, EREED, £EROHME, cDNA 517
7 U—, EST (Expressed Sequence Tag) fEHT/2 & DEMEEMTIZBT 23RN Thbh TV
5. D) HLBEHRKITEL. ORECERICEEL, 2 OBSED /Y 2 EHT 52D
DHREEEECB W TEEREEL 25 . DNA =~ — 1 —13% < DEF VAN CRiGH
RERDOBRDOZ v Fv—27 L LTRIA SN TEY, 22 RIGHEERD -5, DNA
A —OMEARBR EEND. HEE—DI—D 1 DTHS CAPS (Cleaved
Amplified Polymorphic Sequence) = — % — 344 DRI=FEFI% PCR i & - THLIE L,
HIREESR THILER, BEEMTEEORIBEITI FETHS. FHE T, WELERY
v ) OBEGHBWERO—RE LT, Btk bOv—H—2EHTIBICHAVWEZ LD
TELEERBRGERMDH Y, HOXEARERKkE CAPS v — b — %> THERTS =
L EME L.

AW, TOOEIVERIN, B1ETIE, 2ECBITIAHELTL, B2HC
BWTHRKZEH L, BBRENES L FEWENFEIC L B3REERITRE 7. B 3
BRIUHE 4 ETIE, M% 10 BRIZBVT CAPS v — W —IC X 3SR 21T 2 o /-
BSETIE, MR 2HKOTEEREZITY, BoNIRRENSEME (REAE) He
> h% CAPS v —H—2RAVWTHR. 6 ETIE, BIEORIERITV, FEORGH
BAYERRIZ BT D5 % OB b TR F SHE W TR L. £7ETiE, AFRO%
EHOLRRIIOVTI L. UTIC 2-5 BOFMERT,

— 1526 —



F2EIBNTI, ARLREORYE ) VIR 10 ROMBHREEHEITV,
FoREFH0 %2 L SSU 1DNA BRFIDSHTIC X DV BORIE R T o7, TOREER, 7T H>OKN
AH$¥ /Y (BA : TU-1, TU-2, TUH-25, JHS, JHU, #&[E :KGJ,KPH ) & LT, %73
SOk (#E : KTY1,KTY2,KTY3) BT ¥ 2% U(P tenera)k L TRES Iz,

EIEIIBWTIX, BADAY /Y TU-1, TU-2, TUH-25 %%\, A¥E /Y.
O ESTHERZTICHRHEINTE T T A4 =—XT L 22 FEREOKIRBER % T CAPS
B2 X5 DNA OERBIT21TRoT-. TOFKE, ZhbD 3 EBICBWTEEIIRTH
AT, BEWCRIRERNETED Z LIRB I,

FABEIIBWVTIE, EHINEME 10 KEMRBIZSERHO T F A4 ~—XT#HANT
REORMCTZMIEX Y, 34 MEOHIREER TUIKR, 2RHELRAT. TORE, X
s VeT7H Y Y ORTIR 18 MEOHIRERICL Y 8 MEOLTORKGTTK
TERBRBREHINZ. —F, BERLBEOXY Y U ORETIE 14 BREOHIREERIC X
D 5 BEOREFERTEEIRHEN. ZOKBEND, CAPS /XA Y ) Uik
BRICBWVWTREHNZHMEORBIZERATHHZ LB REN. 2EL 4 EBEOKEND
Exmx%t/)&wﬁﬁiﬁoﬁ@tﬁkbf FEN TR LT T 28 ED KGJ
¥ KPH O 2 SOBRRITH .

5 BIZBVTH, AAREBEDORFE ) U BIRIK[Q:TU-2 (green type) x $:KGJ (wild
type) 1&FVNTAIELEER (Controlled- and Random-crossing experiments) #4T->7-. 0D
%, BohRREOBERB XU CAPS v — b —IZ X B %% — b b TECkE (R
R AE) ODHBES{T/2 o 7. Controlled-crossing experiment 5 b7z 49 I v =—D
5 bt 6 {E (14%) , Random-crossing experiment 2> H & H 7z 186 2 =—0D 5 5 43 {# (23%)
DEBERDN FREZ— 2R, REKTH D Z EPERBEIN. U LELOBERML
HEMTH B CAPS v—H — 3N F 213 O REUIZ B TRECRR DRESE uﬁ?dmab
DEBP LN T, AFR TR N CAPS v— b — I3 HESGFTICHLBETHEHR
EERIIBWTHARZERIEHRERY, BEHBROERZEET 2 bOLHMFINS.

ERIUIFRR 184 1 A 26 B 13BN D 14 B E TE_HFEBRMIEBERICBVT,
EEERBIUVEERE WABIU—BEH 27T A4HEOD LRR SN, —BHEBCE
WTH, ZTERERICBLT, CAPSv—b—IlZ L ~F o LHESRERRENLZFD
BxATERENPELNTHEINE I NE, TU2 & KGI UANADOHMAELE, Flxid
TU-1 & KGJ THEENE I BICOVTHE - RER RS, ¥, BERBLUH
HEEIZBWTIX, SEFERRE INW0TF~—0— OESHFIT LS OFITE AR ED
7 L gtk & OBMRIZ OWTREE - INEMN R SNz, iz, JHSKBY ) LABEBOF
MRS ) RRE, SBROMEORM L L TEARGCENRFEDEANREZ BND
REDQaARAIBRENT. ZROHOHFRTHIE SN CAPS ~— b —iF, KEBET
E—DHLDOTHYD, AV Y OBEFORBIZRKWICERT S LKL, Bt (K
ERE) DEMNEREINDIBEBROLDI DO LHELT.
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