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720 2ODMIRHRED D L [MAEY O EFIONIED L OB EHRORAF IS T 5 98 288
B 1) oW TIIBEMEERE R RFLAERR) OBROTIZ, 1. SXREEME
DIELRRMEATIE NIC B R EERE D70 T AR UG- HIRET). 2. EFEESY
FEwmEW ) ANz 7Y ARMEO™SE GELFE) . 3. HREL 7O AF 7 78H
¥ OREW - Cav sy rH) ORMAOEFENNZE GHERE). 4. MKEZHET 50KEE
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Studies on species diversity and molecular evolution of nitrogen fixing bacteria

Hiroko Kawasaki

International Center for Biotechnology, Osaka University
2-1, Yamadaoka, Suita-shi 565-0871, Osaka

Nitrogen fixing bacteria were isolated from root nodules of 32 wild legumes that abundantly grow in Okinawa,
the southern subtropical part of Japan. Genetic diversity and taxonomic relationships among these rhizobia
were studied by analyzing 16S rRNA gene, ITS, symbiotic genes and DNA-DNA relatedness values. The two
strains of slow growing bacteria were identified as two new species, Labrys okinawensis and Bradyrhizobium
iriomotense. The other five novel species candidates were suggested in this study.

In order to understand fully the unique nitrogen fixing bacteria heliobacteria, #if gene cluster from
Heliobacterium chrorum DSM 3682" was determined. The organization of the nif operon and the phylogeny of
individual and concatenated gene products showed that the H. chlorum nif operon occupies an intermediate
position between group I consisting of the aerobic diazotrophs and group II consisting of strictly anaerobic
prokaryotes. The two nifl genes were present in the H. chlorum nif cluster, which required the switch-off of
nitrogenase regulation in methanogenic archaea. These data show that the mechanism of nitrogenase inactivity
between heliobacteria and purple bacteria is fundamentally different.

Finally the novel molecular analysis method was developed using whole genome sequences of Rhizobiaceae
and Phyllobacteriaceae. Initially, orthologous pairs were isolated from all of the ORF genes by the pair wise
alignment automatically. The similarity patterns were compared between orthologous pairs. Two or more
evolutionally patterns of orthologous genes were clarified in the analysis of correlation coefficient of similarity. It
showed that it is important to choose carefully the gene used for a molecular phylogenetic analysis such as multi
locus sequence typing.

Key words: nitrogen fixing bacteria, Bradyrhizobium, Heliobacterium, whole genome analysis
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Table 1 Slow-growing strains investigated in this study and their relevant information.

Strains Identification Host legume/plant Geographic origin
KO3A Bradyrhizobium japonicum Pueraria montana Iriomote island
KO3B B. japonicum Pueraria montana Iriomote island
KO3C B. japonicum Pueraria montana Iriomote island
KO3E B. japonicum Pueraria montana Iriomote island
KO3F B. japonicum Pueraria montana Iriomote island
KO3G B. japonicum Pueraria montana Iriomote island
KO3D Bradyrhizobium sp. nov. Pueraria montana Iriomote island

candidate 1
KO3H Bradyrhizobium sp. nov. Pueraria montana Iriomote island
candidate 1
KOS Bradyrhizobium elkanii Pongamia pinnata Iriomote island
KO11 B. elkanii Pongamia pinnata Iriomote island
KO13 Bradyrhizobium sp. nov. Lespedeza cuneata Iriomote island
candidate 2
KO14 Bradyrhizobium sp. nov. Desmodium canum Iriomote island
candidate 4
KO19A B. elkanii Acacia sp. Iriomote island
K023 Bradyrhizobium sp. nov. Cassia surattensis Ishigaki island
candidate 5
KO20A Bradyrhizobium yuanmingense Erythrina variegata Iriomote island
EKOS5 Bradyrhizobium iriomotense sp. Entada koshunensis Iriomote island
nov.
EPxnl B. japonicum Entada koshunensis Iriomote island
MAFF210181  Bradyrhizobium sp. nov. Canavalia sp. Ishigaki island
candidate 3
MAFF210190  B. elkanii Desmodium intortum Okinawa main island
MAFF210197  B. japonicum Macroptilium Okinawa main island
atropurpureum
MAFF210245  Bradyrhizobium liaoningense Sesbania aegyptica Okinawa main island

ND, not determined

e REMBEEL L E, EWENBREEISAH
WSR2 RENIRE . KRR TIE, AYFENERE
EETOMEOEBNMRER/ALI L2 HMIC, BF
BEERENEBV AR O AR ERZFEEICOWT,
FAEME O EE L FE LT, BEREIZOWTHHE
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Table 2 Fast growing strains investigated in this study.

Strains Identification Host plant

KO4-2B Rhizobium etli Ormocarpum cochinchinense
KO6A Mesorhizobium sp. Leucaena leucocephala
KO12-1 Ensifer sp. Vigna reflexo-pilosa
KOI12A Rhizobium sp. Vigna reflexo-pilosa
Mu22 Ensifer sp. Mucuna sp.

MgB2a Ensifer sp. Mucuna gigantea
MgB7b Ensifer sp. Mucuna gigantea
Mm(2)-1 Ensifer sp. Mucuna membranacea
EP2n-2 Rhizobium tropici Entada phaseoloides
H-4-B1 Rhizobium leguminosarum Entada parvifolia
060826S-2 Cupriavidus sp. Mimosa sp.

060826S-3 Cupriavidus sp. Mimosa sp.

060825G-3 Rhizobium sp. Leucaena leucocephala
060825H-2 Rhizobium sp. Canavalia cathartica
060826N-1 Rhizobium sp. Canavalia cathartica
060825J-1a Rhizobium tropici Lespedeza sp.
060826L-1 Rhizobium tropici Uraria crinita
060826L-5 Burkholderia sp. Uraria crinita
060826R-2 Cupriavidus taiwanensis Indigofera zollingeriana
060826R-4 Rhizobium etli Indigofera zollingeriana
MAFF210191 Labrys okinawaensis sp. nov. Entada phaseoloides
MAFF210231 Rhizobium leguminosarum Vigna marina
MAFF210243 Mesorhizobium loti Sesbania bispinosa
MAFF210244 Mesorhizobium loti Sesbania sesban
MAFF210152 Rhizobium sp. Crotalaria juncea
MAFF210253 Rhizobium sp. Dalbergia sp.
MAFF210254 Rhizobium sp. Stylosanthes guianensis
MAFF210255 Rhizobium sp. Vigna marina
MAFF210256 Rhizobium sp. Neonotonia wightii

WS RRIEITSE 24T o 72 (Tables 1, 2). 508D 5
3THRIZDWTIE, WROWRBLAEBIZAFTT L~
AREY OARKL (—ERIES) X D F/ICaBEL . 13
BIZOWTIE, RELEME RV RELEDREY —
YNy A AT L.

PRI L 72 ARK 20 & O O 5 lElE, DTSR

ETITo 7. WREE%E 70% L5/ — VT 2 5 HRHE
L, 3% REERHET M) 7 L BWIC307HEBES Y
7o, FOBBEKTIOEREL, 7 3I VY TREZY
WrL, COBFTO2S YMA BiHh (BB * 2. 05g, <> =
k—: 10g, K,HPO,: 0.5g, NaCl: 0.2g, CaCl,.2H,0:
0.2g, MgS0,.7H,0: 0.1g /liter (pH 7.0)) ®_LIZf}%$
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Table 3 Whole genome sequences used in this study.

Species and strain Genome size  Number of Accession number
(bp) CDS

Agrobacterium tumefaciens C58 (Cereon) 5,673,465 5,301 NC 003062 — NC 003065
Agrobacterium tumefaciens C58 (U. Washington) 5,674,064 5,402 NC 003304 — NC 003306 / NC 00308
Mesorhizobium loti MAFF303099 7,596,297 7,281  NC 002678 /NC 002679 / NC 002682
Mesorhizobium sp. BNC1 4,935,185 4,543  NC 008242 - NC 008244 / NC 008252
Rhizobium etli CFN 42 6,530,228 5,963  NC 007761 — NC 007766

Rhizobium leguminosarum bv. viciae 3841 7,751,309 7,150 NC 008378 — NC 008384
Sinorhizobium meliloti 1021 6,691,694 6,205  NC 003037 /NC 003078 / NC 003047

B5EHICENTT HH28C TR L2, BROE I
AFLCEMEEMGOEEL, Mtk L.

RRBORBEHE  HHLHEESIHMEDIION
T, Gao et al. (2004) DOFFHITHEV, REBEILME,
EFRFEOFH, HUEWEERE, NaCllitth, £FIRE
I, ZoMEEMEOREICHY 2Bt Y7o
7o, EHEEEAERIE, Winogradsky's Nfree mineral 5%
Hi (Hashidoko et al., 2002; Tchan & New, 1994) %= fif
BAL7z. v AR~ OBRGERBIL, ~ ARy ox
FAHYEESNTWES LS5 ba (Macroptilium
atropurpureum) FHWTIT o7z, LD 012,
Bradyrhizobium japonicum USDA 110 & f#JH L 7=,

DFRFBRAE BONLTRTORIZDOVT,
16S rRNA BEEFHEEEN 2 RE L, 5 TR T
fTofz. —HOMBE IOV TIX, £ # T EER
(Mutlilocus sequence typing: MLST) #:1Z X % f#AT
(Vinuesa et al., 2005) %47\, 16S rRNABIZFITMZ,
NI AF—-E Y IEET & LT, 165-23S internal
transcribed spacer (ITS #i%), atpD BI5T, glnll 8
{&F, recA BI5F, gwB#InT, WYL OIAICHE
T AHMEET & LT nifd BIET, nodC #zTZHREL,
BT RRER AT o 72, TRTOBEFIZPCRICED
PEIREE, PCREY & AEE LIRS % JeE L.

G+C E=8IE & DNA-DNA 18R4HEE  MHBRL -
DNA &, CsCl z flwizBEA R iRic L hmRL,

Tamaoka & Komagata (1984) @ HFEIZHEW GC &7
ZWE L7z, DNA-DNAMHFEMERBIL, 7+ Mt F
vERWwzwA 70T L — bk (Ezaki ef al., 1989) (Z
Lo TiT - 7.

ANDANRTF)T7OREEZREEEEFONE
Heliobacteirum chrorum DSM 3682T DR H 5T
IS L7z, REROBFEIZIE DSM medium 370 55 # %
vy, M SIS Tdh 5 72 DO HE 2 fE K138k
AT ¥ vN—%MEAL, 4000-6000 lux D% AL T
REL:. ZSEEEEET OISR, ¥ (Sambrok
et al., 1989) 2Ty, T TICHEDH - 72 H. chrorum
D nifH EETFENZRICTO—TE2ERL, FHF N
A TFLE—~Y a VBEICLY) wifl BT 2 &0EET
FREL, FORBMOELESNE TI A4 v — T —
F U TETHRT AFEY AV BO R EERT
7 3 ERRINCAEWR L, EFREERETFEHE L.
EBIYTNVIALPCREXHWT, ER0OFEICL
LBIETORBBN 217072, ESEBEEEETOSTF
RFMATIE, EBESE (NJB) 26 TTCELE
(ML #:) % BT L.

27/ LBMICERL A FIREREBRAE fiEHT
12iE, Table 3R L2 7204 ) AE#HRE AV, §
NTOF ) LEHRD» S T4 ORF s AF L, &8
AEDLEIIBLFRER Y —-MBEEITo72. RETY
—BFITIE, BLAST AE0V—MEFH . Hoh
HHEMED S, Evalue <01 ThodbDdt—vo
TRETTHBERE L. F—VaFEETITOW
T, DNAEHREG| &7 3 /7BEVOF—5 1y b %
WL, A—vuarZey MEIHRABEZERLL. b
T, FNENOEETOEEHR (DDB] =¥ M —4,
NCBl 7u %7 %4, #fEZF%, #@a¥Fs 7, #5773
U—%) EEL, F—vurty MEICERE KM
L 7-. BioNumerics 4.6 (Appled Math NV, Sint-Martens-
Latem, Belgium) # B\, BETHOMEMEZ KD,
BRTOMFEEEOMMEME, HERKICL > TER
L, Ehz g4 5 2 & CRETF O FH#{L/ Y —



SR BEEME OSBRI 2 5 OV

KO3B
KO3A

KO3F
B. japonicum USDA 67

KO3G

16S rRNA s
gene tree

B. canariense BTA-1T

EPxnl

MAFF210197

9| B. liaoningense LMG 182307
MAFF210245

KO3C

KO3E

B. yuanmingense CCBAU110737
KO20A

KO13
MAFF210181

93

Bradyrhizobium sp. BTAi
B. betae PLTHG1T
-Bradyrhizobium japonicum USDA110
EKO05

98| KO17
K023
99|—{ o

MAFF210190

=

I'o
<
5]

nue

Fig.

(-

Cluster B

palustris ATCC 170017

ITS tree

Cluster A

[ R D5 FHAL
KO3A

KO3F
B. japonicum USDA 6%

KO3C
90 k03B
03G
EPxnl
MAFF210197

KO3E
B. canariense BTA-17

(00— B- liaoningense 182037
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Phylogenetic trees based on the 16S rDNA (1395 bp) and ITS (165-23S rDNA) (645

bp) sequences. The trees were constructed using the neighbor-joining method with
K2P distance correction model and 1000 bootstrap replications. Bootstrap values are
indicated by percentages at nodes. Numbers at bars indicate substitutions/site.
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i & Z R

R ABHEY ORI L V) DB h A RAERERETF
MEOZHME MG HAROMERICME L, $ICH
KE—HROHEEDO— I RAEE N ARICIEE
ENTBY, vy 7a—7WHBED), HELEHY
b\, MHRIE SRS Bn M R A & BV SR T
Hb, KRB, AHEBIX, AFEHKRRETHS. £
OB~ AFEY, BRI L CEFTLTWADS,
HAEREEREMBOMEZIZEALRENT WD
572, BAIZI999E L Y T E T, ~ XRHEY AR
LRE ;S AR AT EIME Z ML T
72, RIFFE G L 72#k% Table 1 & Table 2 125K L 7z,
EFDOE W (Table 2) 122w Tix, 16S rRNA B2
T AN X 2T 24T, BLRNVOREETT-
2. FOMRE, gEEsShMEEIZHETHY, BE
AR IUT TSNS HME b 2% - T BN
BB EWREI N

REFFETIE, FRICEFFBECEREEMEISER L,
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FORFEFENFHEEE L RHL LFBFC, HETH LM
WMo~ ARREY L ZNICHETIMBE O EMRE
xR, REEOLHELEZMAEL 7. 16S rRNA ERZ T2
DL GF RGBT 24T o TR, oL,
Bradyrhizobium elkanii D7V —"7 (75 A% —B) &
FRUNOETHREINL V=T (FFRXF—A)
Wi, WO < ARAEY 2 5 08 S BRI,
MAFF 210191 2T, §XTM I A ¥ —IZE LT
W7z (Fig. 1). Bradyrhizobium JB O L~V D43 ¥
BELTHEMTH S Z EMNHEE (Willems ef al., 2003)
ENTWDITS I Z W0 TR e fTo 2 &
Z 5, 16S rRNA BIZFORGM & IZIZFEFEOM R
Boh, L Ebhirn orOKRBRB I .
AL L 7=k o A0 ER 8 #&  (KO3D, KO3H, KO13,
MAFF 210181, KO17, K023, KO14, EK05) #*&# L,
BEATE & o DNA-DNAHRIMRABZ T8 2 5,
Bradyrhizobium J&® 6 FIEOWREMESRIE S L7
(Table 1). F/2INbHOHEBETFTH 5 nifH #i
F & nodC BEFIZOCTHNEIT 72 ZAHBED
WEBFNEE LTV, ¥4 707 ZOFR—EEKOR
L ABBEOMB LY 58 L 2EERE (KO3A-KO3H)
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13, 2 WEH D Bradyrhizobium FEIZEE S, —FILEE
HIFEB. japonicum T - 712H, ) —FIIHHMEY
HTHhorz, A—ERICEEZEENENEIRRE
B LTWE I Edbh o,

INETHEEORNGRE SNTI hdo720E LR
ORI & B LR, eSS <
B Ehi, R CidmEo~ A FEwIcER L
HY, BAZEMICIELEE /L AR S5 Hm L TH
D, FIIIERAMOIAEMAEY I L T B e
AROGICHIFEE NS,

EATHOLDEL-FHORNTEME  Entada
(BEF<) W&, TYTHLT 7Y HOERA, B
WIRIELAALTEY, HRTREARD L AEILGE
BIZAFTLTW I Mo TwAE, HHRKEROE
o< AR T, —AROPKREIHET A -V ERE
L, WzEHIITZEOEBENRH B, EOBERIT
30cm, #%1380~120cm &<, WICIZHEBE Scm DO
TPEPA->Tnb., KRET, EABLUEEDE
FOEFEPHER I, BABDE Y <d Entada
phaseoloides TH Y, HREDE Y <L Entada
koshuensis T3 - 72, TH DV THRALR O 55 % A
72, BABIZAET LTz Entada phaseoloides D35>
WO L EERARN LAY ESHEL LA,
EES N A ML TR T Burkholderia B ToH o 7=
Burkholderia JB121%, Rhizobium Bl ORIIL BB T
PAKERB LA BbRAMEFTRESINTAA
B, FHEMRIZ DV CIMERRTF OB & WA 7 A
ENT, SEFREAETERLVEARESEZ S/,

GInII+RecA+AtpD+GyrB

phylogeny
97/8 169

i

%

F72, MHOE Y~ (Entada phasoloides) X 0 53
SNz L ERHF STz MAFF 210191 iCD W CHE
BB EIT o728 25, Labrys BOBMAEWTH L =
EPHLAELRYD, WLRFORBOTIEL ) SHES
NTWwWh¥EMA, Labrys BD 2 FifE (Labrys
okinawensis & Labrys miyagiensis) %% L7 (Islam
et al., 2007). MAFF 210191 iz E ¥ < D—FE Tdh
% Entada phasoloides DR & 0 /7l S Nz & FiR S
NTWeds, RAROEFVEYTHHH AT bu
(Macroptilium atropurpurewm) % B 721G ERICB
W, BREBHIZED bk oz, oL ot
ECB ST 2 85T nifH BI5TF & nodC #BIEFIZDOW
TOMRIMTE Mo, LA L, NyEZIMZ R WEH
BV TEFTI BRI, XEXKEITO
Bradyrhizobium (= I ISEB YA ICB VT,
nod B TR EoltbnIRENDALZ NS
(Giraud ef al., 2007), MAFF 21091 2"l o 4R %
FoTwaAHREEL LT hENoEINTV S,

TREICHEEFT 5 Endtada koshuensis DIRRL & TE5
W, BEBEEZ ST, L5 TE, BB
HRF A 51%, B. japonicum EPxnl MASoBE S i,
E. koshuensis ORI I 22 BUR & 13 R 7% 5 BB O
IILBEEONFBFEELTBY, 220008l
EKO5 (&, 16S rRNA #fxTRERI O EH» SHHE T
HDHZ DR SN0, FiEIHEw R E R B 1T
o72. Fig. 1IZR L7z X 912, Bradyrhizobium J&OTE
GHEIZEHER R ITS HBIE D 5 FREHBAT
(Willems et al., 2003) O#EHF % b & ICDNA-DNA AH[H
B % 1TV, 3512 Mutlilocus sequence typing

B. japonicum USDA 110
B. japonicum USDA 67
B. canariense bv. genistearuin BTA-1T

EKOST

99/90

100/99 [—-B. elkanii USDA 94
B. elkanii USDA 767

Bradyrhizobium sp. BTAil

0.02
A

Fig. 2 Bradyrhizobium species

phylogeny

Rhizobium etli CFN 427

inferred from partially congruent

GInlI+RecA+AtpD+GyrB amino acid sequence partitions. The NJ tree was constructed
using Poisson correction distance model in MEGA v.3.1 software package. Numbers at
nodes indicate percentage bootstrap values from 1000 replications. Only values (NJ/MP)
above 50 percent are indicated; values greater than 70% are shown in bold lines. Bar, 0.02

substitutions per site.
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(MLST) #%H W, EKOS BROFHEZ ST L
2. 60D AF =Y v BT (s, ITS region,
atpD, ginll, gyrB and recA) & 2 DOIHAIZEE5§ 5
&ZTF (nifH and nodA) OIFEEY % g L7z,
DNA-DNA MHFE A O#E R, EKO05 #kid B. betae &
B. canariense \Zxf LHHIFEE 50-61% & \» 5 H Y 72 fE
ZaR L7270, MLST AT Tld, BRI L 37 9 X% —
AT, B LB THL I ERBREI N
4DODNT AF =¥V T BIZF & EbEISRRENT I
BT (Fig. 2), WoCERmMEL 382y, IR
WMAEWMTH A Z EAIRBENT., KEBEICBVTD,
Bradyrhizobium BOMOFEL XF T 5 Z LATE,
F& Brdyrhizobium iriomtense & L CTIZE L 7z (Islam et
al., 2008) .

YO TE RV BRYSABRIIIERICHEELR 2 &
Mo, SAROEFT VW THLHAF buz vz
BRYAERE 1T 5 72, ZDFER, B. iriomotense EKO05
X 3ETRRZER L. LikkE LTHEA L
Bradyrhizobium japonicum USDA 110 Ti&, RRIZR %
HRTHOIC5-6ABAEL /-2 %2E2 5L, EKOS
HOBBIEE DAY — FABMD TR &b 2 5.
SRIZLDA N = XL DHRIZERYFNDLEZ A
THb.

ANYF R F YT OEREEERTF DR FREFRIAU
= NVFNT TN TIERT T AEEDORTFIER DN

SHMBEE VWO EFICZI=— 2 MR R E S - E T
& 5. 19834E12 Heliobacteirum BOBA DOFEE L T
Heliobacterium chlorum 28 & 2 72 (Gest &
Favinger, 1983). Afix#fixf B EOME T, N7 T
UFZ OO T AN g O MOEYITIZR SNV
EREEZEEAE LTS, GHEFENITIE, Bacillus &S
Clostridium B D X 9 72 GC G EMEV R T REE 12
WAFEEMETH L., N)FNTTF Y TIFEDL DK
HEEL Y DEESNTEY, EREFTHITIKEHTE L
W EEZLNTWAED, RIEZZOAEBEBIIHL 2K
Tz,

ANYFNT T T OEREERITITTICHLONTE
D, AU HERMETH ST LEBEDOAIES +
7 M Rhodobacter capsulatus \ T E\WEERFERE
FHELTWAZEDRHESN TS (Kimble &
Madigan, 1992). &AWL TiX, Heliobacterium chlorum
Dnif 7 A —wPREL, MoEREEMEDOEER
EEREZFERETSZET, BERETEROMELICD
WTHIRZE I ERAL. PN T T E—
Voa VRN S EERY R EEICL Y, 110 ORF i
DFEAETHSENITH I ENRNTEX7: (Fig. 3).
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Fig. 3 Comparison of the nif cluster in representative of the nitrogenase groups.
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Fig. 4 Phylogenetic tree for concatenated NifHDKEN created with the neighbor-joining (INJ)
and maximum likelihood (ML) methods. Bootstrap values above 50% are shown for each
node. Sequence obtained in this study and branches supported by 90% or more are
shown in bold. Functional nitrogenase groups and the organization of nif operon in each

diazotroph are shown at the right.

AW TRREN 2475728 2 & A, Heliobacterium
chlorum \Z, HERMEMEOEREERZTF THEI N
% group L2 L, Clostridium J& & * ¥ > B i iy fll
DX BBRFMEOEREEELRT CTHEINLTWY
% gtoup I R°HME 7207 THEK X5 group T IZIZE
EWwWZ Edbh ol (Fig 4). B EMEO 1.
chlorum SIFEMEME R O LR EEEETICEML T
BY, I-R2HEBIIIBCT, FREME OB FEREEE
EFORKOMIELSFWELTWE I RS, AT
N7 T TSI R ENE O 2 R E EE R T O
BRI VREDEEFRHEA LTS U REESE
AbNB, 5T, BEEHEIZL2E SN2\ nid
BETEFEEREEEETOMBE LKL 2L
%, H. chlorum (IO MEEREEME L 138 %D,
nifl BAZT-HS nifHDKEN @ FRICAE L TW5A 2 &3
HoHMERo7 (Fig. 4). FTRMEMCIE, TERME
BT L, nifl DFEFEE WD EIZB W TIZERE
WITE» (BEEFHEBREETRZ2S) Lw) LT,
BRETICE LT, H chlorum \TIF5 M %8 35 [ MW

EHAMEZEEMEOTMEOTH L LM SN
7o XY VEREZEEME B S nifl B5FIE,
= b —EEED Switch-off ¥ AT A5
BT EDRIBENTED (Kessler et al., 2001 & Leigh,
2004), H. chlorum \Z3B\»T 3 Switch-off ¥ A 7 A DHF
FET5HZEDS (Kimble & Madigan, 1992), #nifl i&{z%
FBEG LT AIRENE . LrL, ZOEMRT
WA R 5 Z R FOMEHEWEEE S, FrL
W b — RS S AT AR H B &
EZTWA.

25/ LMERERVIARREOH L WIRENDEED
A EROGEENFEEHVC, SEREEME
DEREMEIZOVWTERLCTE . T, EEEERD
ZREE NS00, ERECEETHEIRNTH -
o= — 7 R EFEOANYF N F ) THIEICDOW
T, BEBEEEEF 7 FAY—2REL, HOBEH
T & DT 217> 72, L L, T 5O
Fidk, 7/ ae&krs R, —HoEHRzETw
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BT ERv, ¥ AERTZAZ, 2077 AFHR
MAFETEDLIHICRoHE, 7/ AEHREHNT
WEYMOGENRTEADOTIEIRwrEEZ . EFE
FAEIZOWT ST 2ERPAFHENTEY, §H,
2 3 [E SE M Rhizobiaceae & Phylobacteriaceaell 2\ T
77 NEE R 7 LT & 2K A 7.

7TOD5 ) 5T —% (Table 3) 253 ~XT®? ORF
I AR L, $RTOMAEDLET BLAST M
MR ZFT - 72, BLAST MR O#ER, Evalue < 0.1 & W
IBRMEERT, S EmcTIOES— VT LIRE
L7z IREL7ZA—v s EnTROMRESHEM %,
Zo0y ) ABIZBIT S ORF B2 FHE 7T 7R
3ZET, MHEEOEmNE REZ L E L (Fig. 5).
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A. tumefaciens C58 (U. Washington) O % —v v 7' #&
fFoOMEEIX, FDITEAEDNI00% TH 7.
Rhizobium etli CEN 42 & Rhizobium leguminosarum bv.
viciae 3841 O TiL, RO Y — 27 9385-95% TH
272, UL, RABHNEDORIRTS S Mesorhizobium
loti MAFF303099 & Mesorhizobium. sp. BNC1 O #H [F{E

OMEMNE, Rhizobium B DEL 5 2 EEOBEMKR L IZE
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6575% \CF DY =T BB o7z, TXTDFT /) LB O
FfE/ S5 — 2 C, 5% EICHHAEOY — 7 2575
Nz, TNEEOBRDS v 7 2EERF O FEERE
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B, F—yvuZB#ETFOMBICHW-HE E-value <
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Fig. 5 Similarity distribution of nucleotide sequences comparison by pairwise alignment.
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Fig. 6 The correlation coefficient of similarity of genes, 16S rDNA-23S rDNA, 16S rDNA-7poC
and 23SrRNA-7poC, using Pearson product-moment correlation coefficient.
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Reclassification of Vibrionaceae based on population genetical approach

Tomoo Sawabe

Laboratory of Microbiology, Faculty of Fisheries Sciences, Hokkaido University,
Minato-cho 3-1-1, Hakodate 041-8611, Japan

In the genome era, massive genome analysis of microbes and assessment of microbial diversity revealed many
aspects of unexpected features on genome structure of bacteria. Based on the new finding on bacterial genomes,
extending arguments on "What is bacterial species?" are emerged. Multilocus sequencing analysis (MLSA) is a
powerful tool for understanding epidemiology, population structure and speciation process, even in the evolution
of bacterial species. We applied the MLSA approach for Vibrionaceae, which is one of the best studied group of
marine bacteria, to understand evolutionary processes following to further classification of the vibrios. In this
study, the first broad analyses of vibrios using a set of nine housekeeping genes were established. Splits
decomposition analysis based on 9-gene-MLSA disclosed at least 14 distinct clades. Some clades correspond the
groups of species with similar genomes and ecological niches, suggesting a clear link between genome evolution
and ecology. The common ancestor of Salinivibrio, Enterovibrio, and Grimontia occurred 580 to 620 Myr ago,
corresponding to the era of Cambrian explosion. Speciation process on Vibrio harveyi group was also analyzed
by means of MLSA.

Key words: Vibrionaceae, population genetics, MLSA, evolution, reclassification
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EERO WM T, #LoRMEmEE & 25555
ZHDDLZEITEEREY) 2D, ThITKE R
HThb., 20MILENL, T TFREMITEHDOET S
MFEWFEIER L, MR ORFTS I L VR
WCAo7z, F7z, 21EICAB &, B FF— % OER
WEME L2720, S TRESNTCEHMEO [F]
WHLTH, X0EokEFHCTHENOERIEE
fEdr L, gt E OB EIT% - T, okt
DB HEHTI LI TEL LIRS TET
w5 (Urwin & Maiden, 2003).
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MW [HE] OERIS, REGEEZRITLTNS
MBE oS Lo e & LT, [Biological species
concept] & [Ecotype concept] #%% % (Doolittle &
Papke, 2006) (Fig. 1 (A)). &L E. Mayr 2824 L 72
BEHAYOHOBM S ZMEICILR LSO T, MHEHM
Pz 2L IHT A LTE ST
%. $BEIEF. M. Cohan MR L7-b DT, MZERE
BARI L7 EERIEBREORERLYH(LF 2 E
HNCTEER2LIBIRZZITAHZ L (AN RER) ITX
S THkEN, B A2RETTEMPEL LW ZE
AHTHB. WTFhoEMLoMEd, 2L okzH
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Fig. 1 Two major species concepts (A) (Doolittle & Papke,
2006), outline of split decomposition analysis (B) and
evaluation of specification process among bacterial
populations by recombination (p) and point mutation
(0) ratio (C). t and a in (B) are radiation time and
isolation index, respectively.
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W2A 7 LNENTT A 2 L, BEREIE 22 Tk <
R EEERT WS 20 /8®RE 2 0, BEY
AT 2 &LV,

ME O SLER OB TIE, 7/ A fb 5
HEE LT, HA e ERERENFTESEHTE 5.
ZOHFT, Maiden ® 7V — T ER L 2% BIEFHE
EEHIENT (Multi-locus sequence analysis: MLSA (244])
i3 Multi-locus sequence typing & FHENTW72)) i3,
411 DNTAF =YV FEETOWERY 29 L,
ZHAUCED W THITE O % 1772 9 HET, WIR
S OBEZAIT TS L D EE 2T T\wb (Maiden
et al., 1998; Urwin & Maiden, 2003). Z Dk, 7—
Y OHEBENE L, T2, ¥ BEa— FERETO
WERINZBELZIENTE LD, INLOT—%%
EfRFRBI 720 Cid e <, MHEMIRZ oEE, HE -7
IUMEBREIEE, HDHVIZERHOMFHER 2 =K
HERERFOWZICOMHT A L WRER kL
LT, MEORKSHEFEZ T TR, B
BTHILLFHIN TV,

7Y A RME (Vibrionaceae) 1%, 1965412, 7
I AEMETEERAEAROF T F 25— Y RABG T
O—FELZ, Véron 235 2 720 FERER T 5 (Ha, 2008) .
Vibrionaceae % ¥ .5 % Vibrio JE DJE 441X “vibrate
(X <CEL)" 25K LT 5. HEEE T, Vibrio &,
Salinivibrio J&, Grimontia J&, Enterovibrio J&,
Aliivibrio )&, Photobacterium J&® 6 JREI3TED HHERK &
NTVWLIERGHMIEHTH L. BRECHHAHLZITS
S>TWAREIIIMA, & MEEME, AHEHBEREME, AM
R A, WY IERL SN TBED,
SRGRETERT LI LN TE DI EOEGLE &
Fro—8Liz A2 LA TE S (Thompson et al.,
2004; Reen et al., 2006; #%34, 2008). F 7z, —HT,
IR BHENLHAAEL, THENZELZELTHS
HMLEBEATHS, 72T, KT, b Mol
EHWICEEZBRPHEY T B3 RME, WEERS
KEOF—TL =X —=ThHY, 5%B% L OFEIE
WE T WA 7Y AR 2R & LT, £&
fm T FEECHIRAT (MLSA) &\ 9 EFBERFH )T B
I2ED, ETUFRMBEOBRSEETR) L L DI,
7)) o AL & Tl LR O ET & A7z,

KBTI

i &0 BR B A% Vibrio J&, Photobacterium J&,
Enterovibrio &, Salinivibrio J& K. O° Grimontia B2
HMEINTWwa78EoEMEREZ MLSA IZHEE L 72
(Table 1). F7: V. harveyi 7' )V — 7 OHEME & & O
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SALBERE O FENT I TR 107 E 4 ) CorBE S 72801k
D V. harveyi, 24%D V. campbellii L O 2 ¥k D V.
rotiferianus A L7z, £ 7Y F HHKIZ
ZoBell2216E XK & 5 WIZAS & Fv:, FHEED
B RIRE CREE L.

MLSA DM REEZFDOEE & EEFEINBEN
MLSA TR & T 2 EETIE, () MEOEEEKET
300kb LLEBENCTHA L, (i) FEALTHE o
THO, (i) 400bp L EDOEETFHEHEZE—~Da v+
YHATITA—ty FTHIRETE, (v) REFHIC
B BB OMBRBEICLED Y VN Bx I—
FILEBETFTHALZENET L (Maiden et al.,
1998; Urwin & Maiden, 2003). &%/ L fENT A3 S 5
NTwhks oY 7Y% (V. cholerae, V.
parahaemolyticus, V. vulnificus, V. fischeri U P.
profundum) DBET % in silico BT L, gapA (7Y
o7 hre F3Y ABFe Fuiyd—EiET. &
R, fisZ GHIASZLY 8y BEET, Miass,
mreB (GMNEEHEZF, MIEERK), topA TEHARA
VAT —Y#EET, DNAEREBE) KU gyrB
(DNAY x4 L—ZABH¥721=v I, DNAKE) %
B 72 (Fig. 2, Table 2 . UF3). Z#UUZBEHRD pyrH,
recA, rpoA (Thompson et al., 2005) J OF 16S rRNA &
Z2F (rrn) OETOELRTHE5VIE—EHOBIETFEZM
A THET L 72,

HE o g 1 /K DNA 1 Wizard Genomic DNA
purification system (Promega, Madison, WI) TiliHif&
#1L, Z®100ng ® DNA % PCR #lED#HH & LTl
AL &7 94 ~—OEERS & &E1RE T Table 2
\Z/R L7z, PCR¥SIEEMIE1.5% 70— A7 IVER
TKENCHEER L, B—D NV FThLH I L 2FERL25,
Wizard Gel & PCR purification system (Promega,
Madison, WI) T#5# L 7>. DNAEIEEINIBHE A
T 7y 7 EIEETEN T — Y 2 2 FH L CHRE L.

IERETIOREN 155N EHEES)IZ ClustalX 71
272 2 (Thompson et al., 1994) =#HWT7 54 A~
AT R o7, REBOIERICIZ RO BT HIRE H
W72 ftsZ; 133-625, gapA; 226-893, gyrB; 441-1030,
mreB; 387-892, pyrH; 89-533, recA; 304-915, rpoA; 70-
903, #rn; 155-1209 KON topA; 451-1076 (FEH D512
V. cholerae O1 Eltor N16961 (AE003852) (2H#:§°%),
27w N RENT (Split decomposition analysis)
&, BT 2IEERSOBEUE~ M) v 7 A% FITH
PN RTCBHE SN —HERINT 57-010F
RENTFETHAH (Dopazo et al., 1993; Huson &

Bryant, 2005). TS & mT T & ACEMER X154
AL D EHEIIBIEEINED, ZOFERE L
THEHETKEHEHELHRAMBEZ L2005 5
EEZBNTWVWE. ATy MrGHIETIIZO X
) BARA—FHEEMRKE LCHERT A2 & T, BT
TAHEYEMOILEALET L VHEIS LW HFETHHR
1t3 % (Fig. 1 B)). AWMETIE I DDEETFHFET
AT RE R 58T D ¥ 7)) + D IF LB FIEH 2 H v,
SplitsTree4 7’1 75 212 & O fEIRK O FHER %17 7% o
720 TIARXAY M LI2KERLRTORERT Z/HE LT
7u s 5 MR L, Jukes-Cantor #i1E % 177 o 72 1%,
#HIRX (neighbor net) & LTRL7z. T2k 0 %L
DD RPN ZMNERL RN L — FOEHEE
BB 7202 58 BIZF DA% IR & A7,

AT v N RGHT TSR ON 7 L— R
BT AwfEICOVWTIE (Fig. 1 B)), 73/ BEHE
AT THEERDOEE R TR o7, T3/
BREWE. (K7 k) & MEGA version 3.0 712 2
Z & (Kumar et al., 2004) ZHWTCEEL, E. coli &
Salmonella enterica D57 IEEMR % 1 84 (Reid ef al.,
2000; Hyma et al., 2005) & L CTHEi#e{L L 7.

Vibrio harveyi IV — 7 OERMICH 3 2 EBEMBE A ERE
VERAETEEZDHTE V. harveyi \3EWINT 5
== i E LTHRASNZETH S (Johnson
& Shunk, 1936). Z OAWFEGITHIEE EIEMEL 0 &
ETFRBAFBETICHE 05, V. harveyi \ZHHEE
ZEOEN-ETFTIVTH S (Waters & Bassler, 2005).
ZO—FT, BIEZF TITH20H ETH20FEIZE L XiE
VEENICRIYE R B X L, BEOTHERY & G
HeEOMZE ZEEL T HERNLWERE L EFEINT
W5 (Austin & Zhang, 2006; Sawabe et al., 2007h). %
BEAREREEOKGEE 7o NEBICHELET LS
EDRMEINTVSLZ EH» S (Pavia et al., 1989;
Wilkins et al., 2008), I L FH, BEE T F KON
V=T A A ARIRNTALFHICERELRE T ) A &%
> TW5h,

WREHTHEEIN TS V. harveyi 7V — 7 D4
ik & LR % 21 5 72912, 107D V. harveyi
TN—TOMEIZONWT, 7&EETDMLSA (gapA,
gyrB, fisZ, mreB, pyrH, recA, topA) EAT7 o 7=,
FRIC, EFMOMEMIEZE (p =2Ner) & HBRE
R (@ =2Neu) O, p/0, HHEHOHESHEE
DEEZHHVENSL LS IZh-TW3 (Fig. 1 (C)
(Vergin et al., 2007). FEAL&H 721 @ p & A1 LDhat
version 2.1 7’1 7 F & (www.stats.ox.ac.uk/~mcvean/
LDhathtml) % HWCHE L.
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Table 1 Strains and sequence accesion number
for the Multi-locus sequence analysis.

Species Strain Accession number

apA JisZ mreB topA arB
Vibrio aerogenes TMGI9650" DQ907270 DQ907330 DQY07401 EF114212 NT f{SZ
V. aestuarianus LMG7909" DQ9Y07271 DQ907331 DQ9I07402 DQI07469 AB298200
V. agarivorans LMG21448  DQ907272 DQ907332 DQY07403 DQIO7470 AB298201 pyrH O
V. alginolyticus LMG4409T  DQ907274 EF027344 DQ907405 DQ07472 AB298202
V. anguillarum LMG44377  DQ907275 DQ907334 DQI0T406 DQI0T471 AB298203 V. cholerae
V. brasiliensis LMG205467 DQ449619 DQ907335 DQ907407 DQI0T7473 AB298204
V. calviensis LMG21294'  DQ907276 DQ907336  NT  DQ907474 AB298263 o Chromosome I
V. campbellii LMGI11216" DQ449614 DQ907337 DQ907408 DQI07475 AB298205 pgi () 2961151b
V. chagasii LMG213537  DQ481611 DQ996590 DQ481637 DQ481649 AB298206 p1sGBC P
V. cholerae O1 Eltor  TID6019 DQ907277 DQ907338 DQINT409 DQINT476 AB298207
V. cholerac 0139 TID6024 DQ914238 DQY07339 DQY07410 DQY07477  NT
V. cholerae LMG4406  DQ907273 DQ907333 DQ907404 DQI07478  NT
V. cincinnatiensis  LMG7891"  DQ907278 DQ907340 DQ907411 DQI07479 AB298208
V. corallilyticus LMG209847  DQ907279 DQ907341 DQI07412 EF114213 AB298210
V. crassostrea LMG22240"  DQ481612 DQ481624 DQ481638 DQ481650 AB298209
V. cyelitrophicus LMG21359" DQ481613 DQ481625 DQ481639 DQ481651 AB298211
V. diazotrophicus  1MG7893"  DQ907280 DQ907342 DQ907413 DQI07480 AB298212
V. ezurae LMG199707  AY546645 DQO07343 DQ907414 DQI07481 AB298213
V. fischeri LMG4414T  AY546637 DQ907344 DQ907415 DQI0T482 AB298214 . . . .
V. fluvialis LMG78947  DQ907281 DQ907345 DQ907416 DQY07483 AB298215 Fig. 2 Relative location of MLSA gene candidates on
V. fortis LMG21557"  DQY07282 DQ907346 DQ907417 DQIN7484 AB298216 o . .
V. furnissii LMG7910"  DQ907283 EF027345 DQ907418 DQO07485 AB298217 Vibrio cholerae O1 Eltor N16961 (AE003852)
V. gallicus LMG21330"  AY546654 DQ907347 DQ907419 DQI07486 AB298218 genome. Genes marked by closed symbol were
V. gazogenes ATCC299887 DQY07284 DQO07348 DQ907420  NT ~ AB298258 . . . o
V. gigantis LMG227417  DQ481617 DQ481629 DQ979358 DQ481655 AB298219 determined in this study. Genes indicated by
V. halioticoli TAM14596"  AY546638 DQ907349 DQY07421 DQI07487 AB298220 :
V. harvevi LMG40447  DQ449616 DQY07350 DQY07422 DQ907488 AB298221 gray circle were sequenced by Thompson et al.
V. harveyi LMG7890  DQ449615 DQ907351 DQO07423 DQI07490  NT (2005). Genes with open circle were only used
V. harvevi LMGI19643  DQ449622 DQ907380 DQ907452 DQIN7518 AB298265 L .
V. hepatarius IMG203620  DQ907285 DQY07352 DQ907424 DQ90NT491 AB298222 for in silico analysis (see Table 2).
V. hispanicus LMG13240"  DQ907286 DQ907353 DQ907425 DQI07492 AB298223
V. ichthyoenteri LMG19664]  DQ907287 DQ907354 DQ907426 DQI0T493 AB298224
V. kanaloae LMG205397 DQ481619 DQ481631 DQ481643 DQ481657 AB298225
V. lentus R3884 DQY07288 DQY14234 DQY14236 DQY14237 AB298226
V. logei LMGI4011  DQ907289 DQ907355 DQI07427 DQI0T494 AB298227
V. mediterranei LMG112587 DQ907290 DQY07356 DQ907428 DQIO7495 AB298228 » . .
V. mediterranci LMG19703  DQ907310 DQ907377 DQ907449 DQ9O7496  NT Table 2 In silico analysis of candidate genes for
V. metschnikovii LMG11664" DQY07291 EF027346 DQ907429 DQ907497 AB298229 e
V. mimicus LMG7896"  DQ907292 DQ907357 DQ907430 DQIN7498 AB298230 the vibrio-MLSA.
V. mytili LMG19157" DQ907293 DQ907358 DQI07431 DQI07499 AB298231
V. natriegens LMG109357  DQY07294 DQ907359 DQ907432 DQIO7500 AB298232 Gene Resolution (%) ° Consensus
V. navarrensis LMG15976" DQ907295 DQ907360 DQ907433 DQI07501 AB298233 . .
V. neptunis LMG20536"  DQ907296 DQ907361 DQY07435 DQI07503 AB298234 High Low regon
V. nereis LMG3895"  DQ449617 DQY07362 DQ907436 DQ907504 AB298235 16S (rrn) 97.39 (VP-VV) 91.97 (VC-PP) Yes
V. neonatus LMG199731  AY546644 DQ907363 DQ907434 DQ907502 AB298257 -
V. nigripulchritudo TMG3896" DQ907297 EF027347 DQ907437 DQ907505 AB298236 238 95.91 (VP-VV)  92.39 (VC-PP) Yes
V. ordalii LMGI35447  DQ907298 DQ907364 DQI07438 DQI07506 AB298237 gapA 9428 (VP-VV) 82.18 (VC-PP) Yes
V. orientalis LMG7897T‘ DQ907299 DQ907365 DQY07439 DQY07507 AB298238 ptSGA 88.43 (VP-PP) 82.16 (VF—VC) Yes?
V. pacinii LMG19999'  DQ907300 DQ907366 ~ NT  DQI07508 AB298264 i
V. parahaemolviicus  LMG28507  DQ449618 DQ907367 DQ907440 DQINT509 AB298239 aipA 90.59 (VP-VV)  80.74 (PP-VC) Yes
V. pectenicida LMG]9642TT DQ907301 DQY07368 DQI07441 DQI0TS510 AB298240 rpoB 90.44 (VP-VV) - Yes
V. pelagius ATCC25916"  DQ907302 DQY07369 DQI07442 DQIO7511 AB298241 ) ,
V. penaecida LMG19663° DQ907303 DQ907370  NT  DQ907512 AB298260 mreB 85.25 (VP-VV) 8036 (VC-VF) Yes
V. pomeroyi LMG20537"  DQ481621 DQ481634 DQ481646 DQ481660 AB298242 rpoA 95.17 (VP-VV) 83.74 (VP-PP) Yes
l ponticus DS_\'[IGZIZ1 DQ90730-f DQ907371 DQ907443 DQ907513 AB298243 dnakK 87.65 (VP-VV) 79.74 (VC-VEF2) No
V. proteolyticus LMG3772"  DQY07305 EF114210 DQ907444 DQ07514 AB298261
V. rotiferianus LMG21460°  DQ449619 DQ907372 DQO07445 DQI07515 AB298244 pyrH 84.99 (VV-VP) 77.73 (VF-PP) Yes
V. ruber LMG%SIMT DQ907306 DQ907373 EF114211 EF114214 AB298267 recd 82.70 (VC-VV) 73.64 (VV-PP) Yes
V. rumoiensis S-1-6 DQ907307 DQ907374 DQ907446 DQIOT516 AB298245 : <
V. salmonicida LMGI140107  DQ907308 DQ907375 DQ907447 DQI07517 AB298246 gyrd 82.65 (VP-VV) - Yes?
V. scopthalmi LMG19158"  DQ907309 DQY07376 DQI07448 DQIO7518 AB298247 pisGBC 88.12 (VV-VP) 73.04 (PP-VC) Yes?
V. splendidus LMG190317  DQ481622 DQ481635 DQ481647 DQ481662 AB298248 . :
V. ,Sﬁp&'l’stys LMG21323'  AY546650 DQ907378 DQ907450 DQY07519 AB298256 ; poD ([S‘gma 70) B5A0(VR-VN) B Yes
V. tapetis LMG197067 DQ907311 DQ907379 DQI07451 DQI0T520 AB298249 ormate .
V. tasmaniensis LMG20012'  DQ481623 DQ481636 DQ481648 DQ481661 AB298250 dehydrogenase Fe-S B3 VY0 7618 EENG) Yok
V. tubiashii LMG10936" DQ907312 DQ907381 DQY07453 DQIOT7521 AB298251 ) :
V. vulnificus LMG13545"  DQ907313 DQ07382 DQI07454 DQI0T522 AB298252 grB 82.26 (VP-VV) 74.40 (VC-PP) Yes
V.. woddnis NCIMBI13582" DQ907314 DQI0T383 DQI07455 DQI07523 AB29R)S3 fisZ 83.25 (VP-VV) 72.35 (VC-VF) Yes
V. xuii LMG21346"  DQ907315 DQ907384 DQI07456 DQI0T524 AB298254
P. augustum LMG84550  DQ907257 DQ907318 DQ907385 DQ907457 AB298187 pgm 76.12 (VC-VV)  71.04 (VC-PP) No (group)
SQZ‘:ZZZ[“ SWBSD | \i1G789aT  DQY07258 DQ9OT3I9 DQITIRE DQIOTASE AB2981SS top4 79.16 (VP-VV)  70.71 (VC-PP) Yesq
P. frigidipholum JCM120477  DQ907259 DQ907320 DQINT38T DQIOT459 AB298189 obg ) 81.37 (VP-VV)  67.5 (VC-PP) Yes?
P. damselae JCM8968 DQY07260 DQ907321 DQI07388 DQINT460 AB298190 rpoS (sigma 38) 77.30 (VP-VC) 68.64 (VC-PP) No
P. iliopiscarius DSM9896"  DQ907261 DQ907322 DQINT389 DQI0T461 AB298191 Formate
P. indicum NBRC14233" DQ907262 DQ907323 DQ907390 DQI07462 AB298192 75.12 (VV-VP) 64.07 (VV-PP) No
P. leiognathi LMG4228T  DQ907263 DQI07324 DQINT391 DQIOT463 AB298193 dehydrogenase cb556
P. lipolyticum DSM16190"  DQ907264 DQ907325 DQ907392 DQIO7464 AB298194 NAD dependent 69.41 (VP-VF) 65.80 (VV-PP)  No (group?)
P. phosphoreum IAMI4401T  DQ907265 DQ907326 DQ907393 DQ907465 AB298195 .
P. rosenbergii LGM 222237  DQ907267 DQ907328 DQ907395 DQY07467 AB298197 DNA ligase
Grimontia hollisae ~ LMG17719" DQ907317 EF027348 DQ907398 EF114215 AB298259 ATP dependent DNA  62.28 (VP-VV) - No (group?)
Enieroyibric LMG19839'  DQ907269 EF027349 DQ07397 EF114216 AB298198 ligase
norvegicus N ) foxR 61.59 (VP-VV) 51.84 (VV-VF)  No (group?)
E. coralii LMG222287  DQ907268 DQ907329 DQ907396 EF114217 AB298199 ol 65.60 (VP-VY) 5249 (VV-VF)  No (group?)
Salinivibrio costicola \\ o1y 61T DOYOT316 EF027351 DQYOT399 DQIOTAES AB29E2SS o - - Sroup:

subsp. costicola

NT: Not tested.

VV: V. vulnificus, PP: P. profundum .

% VC: V. cholerae. VP: V. parahaemolvticus. VF: V. fischeri,
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Table 3 Amplification and sequence primers for the vibrio-MLSA.

Target gene Primer Sequence Amplicon Annealing Target
(bp) temp. (C)
gapA (glyceraldehydes-3- VgapAIS0F  AACTCACGGTCGTTTCAAC 750 50 Most of species
phosphodehydrogenase gene, VgapA899R  CGTTGTCGTACCAAGATAC
glycolysis)
ftsZ (cell division protein gene, VitsZ75F GCTGTTGAACACATGGTACG 750 50 Most of species
cell division) VitsZ800R GCACCAGCAAGATCGATATC
VftsZ75F GCTGTTGAACACATGGTACG 600 50 Salinivibrio , Enterovibrio ,
VitsZ700R ATCATGGCGTGACCCATTTC Grimontia and V. alginolyticus
topA (topoisomerase I, DNA VtopA3F GGGTAAATCTCTCGTTATCG 1200 43 Salinivibrio , Enterovibrio ,
replication and repair) VtopA1200R  GAAGGACGAATCGCTTCGTG and Grimontia
VtopA400F GAGATCATCGGTGGTGATG 800 50 Most of species
VtopAI1200R  GAAGGACGAATCGCTTCGTG
VtopA350F AGCTATTGCATGGCACCTTC 850 45 Enterovibrio and V. colalliilyticus
VtopA1200R GAAGGACGAATCGCTTCGTG
mreB (rod shaping protein gene B VmreB12F ACTTCGTGGCATGTTTTC 1000 50 Most of species
subunit, cell cytoskeleton) VmreB999R CCGTGCATATCGATCATTTC
VmreB360F  GTGGTTCTACCCAAGTTGAG 600 43 V. halioticoli -relatives and V. pacinii
VmreB999R ~ CCGTGCATATCGATCATTTC
gvrB (DNA gyrase B subunit, VeyrB274F GAAGTTATCATGACGGTACTTC 900 55 Most of species
basic replication machinery) VgyrB1171R CCTTTACGACGAGTCATTTC
VgyrB325F TACAAAGTATCGGGTGGTCT 1200 55 P. damselae, V.gallicus, and V.
VeyrB1486R  ACGTCTGCGTCGGTCATGAT halioticoli
VeyrB280F ATCATGACGGTACTGCACGC 900 55 V. ordalii and S. costicola
VgyrB1171R  CCTTTACGACGAGTCATTTC
pyrH (Undylate kinase, nucleotide vpyrHSOF GATCGTATGGCTCAAGAAG 450 50 Most of species
biosynthesis) VpyrH530R ~ TAGGCATTTTGTGGTCACG 50
recA (recA protein. DNA repair) VrecAl30F GTCTACCAATGGGTCGTATC 600 50 Most of species
VrecA720R GCCATTGTAGCTGTACCAAG 50

ik & E 5

EJ U7 MLSA X % — LODIEE & FEEFOERERG

E 78DV T FI1TD

LA,
MG R L,
(Fig. 3).

topA 1

DX Iz,

topA \ZR\T, gyrB,
recA DN FHIEEILE o 72,

CNICEEHRO 3 Ein

WT, REPELZL520
YRy BEa—- FEBEFEHIEL, B xREsT s A
F—LEBETHILITE.
Famz T, {BEETFOMEEFEE (Scola et al., 2003)
BIETA387.5% L d &\l
7p0A BIZT2397.9% & F b AKA - 72

mreB, pyrH € L T
% TARY gyrB Bn T
COBEBEENELTH, HHFEDOLY

Resolution (%)

7Uﬁﬁﬁf@@%ﬂ%?é%@?ﬁﬁm%ﬁgaé

7% (Fig. 5 (B)),

B, 95.3% —
%z 57 (Fig.3).

MLSA (CE DK ET VA RMBEOE S
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100% D) X ) IZFEFEERBEI BV E

I— FEGTFIC
(99.5% ?ﬁf’aﬁﬁ#f?

I T BE

%9 DODEET (fisZ, gapA, gyrB, mreB, pyrH, recA,

rrn, rpoA K U topA) = v,
Y7 G 4T &

a7z (Fig. 4).
Ih, 25612

AT v bR T
ot & FRERL L 7248
HRMPBEINZD R L1407 L= FHRR W
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Fig. 4 Proposed clades based on 9-gene-MLSA for Vibrionaceae. fisZ, gapA, gyrB, mreB, pyrH, recA, topA and

16S rRNA gene sequences (6050bp) from 58 taxa were concatenated, and analyzed by SplitsTreed
program. Orphan species are marked by arrow. Sequences similarity was corrected by Jukes-Cantor
correction. All nodes were supported by 100 bootstrap replications.
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Fig. 5 MLSA for Vibrio harveyi group species. (A) 8-gene-MLSA tree, and (B) representative
single gene trees which are showing different topology.
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Table 4 Representative clades/subclades proposed by means of the vibrio-MLSA.

Clade Described species  DDH GC MLSA AAI (%) Phitest Estimated radiation Habitat
(Subclade) included value moles concatenated time (x10° year) ”
%) % similarity (%)
Anguillarum V. anguillarum >30 43-46 88.9-98.6 95.7-99.6 - 0.56 (Vang-Vord) Brackish,
V. aestuarianus 3.76 (Vang-Vaes) seawater & fish
V. ordalii
Cholerae V. cholerae NA  44-50 85.4-94.7 92.8-99.6 P<0.1 0.30 (Vcho-Vmim) Brackish,
V. cincinnatiensis 1.79 (Vflu-Vfur) seawater &
V. furnissii 3.59 (Vcin-Vmet) plankton
V. fluvialis
V. metschnikovii
V. mimicus
Fischeri Al fischeri >36 39-42  89.8-94.4 95.2 P<0.1 390 (Vfis-Viog) Seawater, squid &
Al logei fish
Al. salmonicida
Al. wodanis
Halioticoli V. halioticoli >22  39-42  88.0-97.7  94.7-99.5 P<0.1 0.23 (Vhal-Vneo) Gut of abalone
V. ezurae 1.11 (Vhal-Vezu)
V. gallicus 3.65 (Vhal-Vgal)
V. neonatus
V. superstes
Harveyi V. harveyi >25  42-48  90.1-962  97.2-994 P<0.1 0.39 (Vhar-Vcam) Seawater, salt
V. alginolyticus 1.05 (Vhar-Vpar) marsh mud &
V. campbellii 1.81 (Vhar-Vmyt) marine animal
V. mytili 2.06 (Valg-Vpar)
V. natriegens
V. parahaemolyticus
V. rotiferianus
Orientalis V. orientalis >24  43-46 91.2-94.2 97-97.9  P<0.1 3.64 (Vori-Vtub) Brackish &
V. brasiliensis seawater
V. hepatarius
V. tubiashii
Splendidus V. splendidus >30 39-47  90.6-96.5 96.5-99.8 P<0.1 0.17(Vspl-Vtas) Seawater &
V. chagasii 1.61 (Vspl-Vcha) marine animal
V. crassostrea 2.59 (Vspl-Vpel)
V. cyclitrophicus
V. fortis
V. gigantis
V. kanaloae
V. lentus
V. pelagius
V. pomeroyi
V. tasmaniensis
Vulnificus V. vulnificus >30  45-48 88.6 96.4 - 2.65 Sewage, seawater,
V. navarrensis eel & oyster
Photobacterium
(Damselae) P. damselae - 42 - - - - Seawater & fish
(Leiognathi) P. leiognathi >44  40-44 94.0 98.6 - 1.07 Seawater & light
P.angustum organ
(Rosengergii) P. rosenbergii - 48 - - - - Seawater & coral

The radiation time was calculated with average amino acid substition numbers.

NA: Data not available,

o> DNA-DNA 4 (DDH) 1%20% L.k, GC &=
(GC moles%) D#1x5% BLN, MLSA O3 FEEIHH
BLEE85% L1, FH7 I ER—% (AAL
Konstantinidis & Tiedje, 2005) 1&89% Ll FTH - 72
(Table 4). Vibrio B121%, 1) Anguillarum 7 L — K
(V. anguillarum, V. aestrarianus .O° V. ordalii) ; 2)
Cholerae 7 L — F (V. cholerae, V. cincinatiensis, V.
furnissii, V. fluvialis, V. metchnikovii % U8 V. mimicus) ;

3) Coralliilyticus 7 L — F (V. neptunis K O° V.
corallitlyticus) ; 4) Fischeri 7 L — ¥ (V. fischeri, V.
logei, V. salmonicida i O° V. wodanis) ; 5)
Diazotrophicus 7 L' — F (V. diazotrophicus KU V.
hispanicus) ; 6) Gazogenes 7 L — N (V. aerogenes, V.
gazogenes LUV V. yuber) ; 7) Halioticoli 7 L' — F (V.
halioticoli, V. ezurae, V. gallicus, V. neonatus LU V.
superstes); 8) Harveyi 7 L — F (V. harveyi, V.
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alginolyticus, V. campbellii., V. natriegens, V.
parahaemolyticus, V. rotiferianus X' V. mytilii) ; 9)
Nereis 7 L — ¥ (V. nereis . O V. xuii) ; 10);
Nigripulchritudo 7 L — ¥ (V. nigripluchritudo J.U° V.
penaeicida) ; 11) Orientalis 7 L' — ¥ (V. orientalis, V.
brasiliensis, V. hepatarius B U V. tubiashii) ; 12)
Scophthalmi 7 L — F (V. ichthyoenteri J. OF V.
scophthalmi) ; 13) Splendidus 7 L — ¥ (V. splendidus,
V. kanaloae, V. pomeroyi, V. chagasii, V. lentus, V.
cyclitrophicus, V. gigantis, V. crassostrea, V. tasmaniensis,
V. pelagia N U° V. fortis) KU 14) Vulnificus 7 L — F
(V. vulnificus .U V. navarrensis) 7558 HiLviz, £7z,
V. agarivorans, V. mediterranei, V. pacinii, V.
pectenicida, V. ponticus, V. proteolyticus, V. rumoiensis }%
O V. tapetis (ZHE—FEN 5% 57 L— FThol 5%,
INSOREBENRERINLZ &KLY, L) HER
7 ) AOEADRBPHL LI REEEZLND
(Fig. 4).

T D Photobacterium BWHEITH—~D 7 L — FIIRE
L7275, WfERRIRIRZ o5 20477 L — PO
gBEN/. F72, S costicola, E. norvegicus, E. corallii,
G. hollisae . O° V. calviensis i3 Vibrio Jg K& T°
Photobacterium B E X B A7 LV —FIBTHI &N
RIS 7z (Fig. 4).

SplitsTreed 70 7S LIZEENH Phi7A M Hw
TE 7 FFHHE O EMIEZ MR HE Lk
A, WMIKRMPEEBENA 27 L —F (Cholerae,
Fischeri, Halioticoli, Harveyi, Orientalis & F
Splendidus) & $ % Tl 5 0 AH AR 2 I3 HETF IS
HE (P<0.05) TH-o7z (Table 4). AL TIEHIF
MM Z OIS < FOREENESICESTHTW S
OB EORENEINTVEI LIIBTETE LW
720, EBRMICHFMEZ 2 RIS 2 Fikme Rw/
LTHEEL T iudz 5w,

7L - FORRERDHEE 8DODF Iy Ea
— FHERTFOFHT IV BERKET E. coli & Sal.
enterica® A (1 484F) CEEEILL, £ 7 )4
7 L — FOSEERHEE % A7 (Table 4). DNA-
DNA FEBLE DS 60% I WHZ RS & DD TIigk R R,
BIZAE V. cholerae & V. mimicus, V. anguillarum & V.
ordalii, V. harveyi & V. campbellii, .UV V. halioticoli &
V. neonatus O 5FEAEM T 2,300~5,600 FHERT & i E &
/2 (Table 4). fMHBOHE LR ICIHFOEIEWHE
%% < & Anguillarum, Fischeri & OF Halioticoli 7 I
— FOGBERIL 3~4 B RS N2, TOFEN
EFRVRICHY L, ZoRROBBIIZABEOLHK

byl

9!\:;!']

HE
ZALAED RO B T & H BB OBIER LML 4
L7:EZEZLNTWwWAE., TNHOET)FD7 L—F

3 EOBMEOTESITLEVHITE ok Lz o»
b LIvevy, Salinivibrio, Enterovibrio K. UF Grimontia
DTS T TRIBRE LTINS R YWHEOL K
MEARLEEZONTWSL8~6.2EFEFNICHELRL
e Ihio.

FI7 L — FOBEREHNRUEESIOELE  REL
Tz L—FIZBET 2 EBIZILBAEMNL - &L
HodboigFhns, Flz2iE Anguillarum 7 L — Fi
EFNFIE GCEEN43~46% O TH 7. F
72 V. anguillarum & V. ordalii  DNA-DNA FHUEEIZ
58% TH Y, V. anguillarum & V. aestuarianus D E N
4 30% FEETH AL (Farmer et al., 2005).

Cholerae 7 L — FiZid GC 245 44~50% DHiFHIC
HHORHEPEEIN. ZOZL—FRIETIAHT
BWGCEHEEBEZRTZL—FTHAH (Farmer et al.,
2005)., TOZ L —FIZHEENHFITEAKRRTHAKRE
FEBERBBHEL, TEALEDLDON L MCTH%E
BIEFZ 9. V. fluvialis U V. metchnikovii 321V 7
BTRZIERITI LN TS, V. cholerae
& V. mimicus OV V. fluvialis & V. furnisii O &\
DNA-DNA F X MLSA TdZFrsh/. Tos L
— FICB T AT Na A 4 ERURT. #lz i
V. cholerae & V. metchinikovii &% i 5-15mM, V.
fluvialis DF 31T 20-40mM TH 5 (Farmer et al.,
2005) .

Vibrio harveyi DEMBE L BEH{ERBOHE
Harveyi 7 L' — FICI3WBEBHYHRE L 7Y 4+ & L TR
EIEEH ENTV B V. harveyi RO FOEBHETH B V.
campbellii e U° V. rotiferianus 73& I N 5. 7 BT
MLSA 2 & O V harveyi, V. campbellii & Y V.
rotiferianus \ BT A 1002 B2 AW T L7 &
ZhH, INOH3WMIIPMICENSNLELRLZ T A
¥y —%&RK L7 (Fig. 5 (A). 7&EFOPRTIE, B
T @ RF T MLSA Mt & 388 L 7B 2 I %
EET & AsZ, mreB, pyrH KU topA TdH -7z (Fig. 5
B)). Zhicx L, gapA, gyrB B recA i, V.
harveyi & V. campbellii BRI L7207 T A Y —% T
L, V. harveyi OFEREIIR N EAVRE SN

F 72, V. harveyi BV V. campbellii \ZB1T 5 p/601%
FNFEN123 R LITH Y, V. harveyi TIIEMNT
O [HHEMIRZ ] A [HBRERE] LRI &
N2 Y (A
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PlE, ¥7) 40 MLSA 1230 < SRR ES I 72 1R
Frick ), €70+ 0TI LVWEZ el
BT HIENTEL, E7) I RHIE I EERET T
SN ERTRBETH LI L0 S, HEEEE
REDLELIETHAF Iy o OB % BIE
TELODENLEEFTVICRBEEZOND., &
%, Z7L—FZkIZ, V- FUIBTAHMEZEIAT
WA ) MRS AT LT, BEOBWRITICE D
DL EEZT VA,

-3

7 SRR, & bR ieEh Y I L R
R EEITRE, WEBRSEAEDF-T L —v —
ThY, §uBLLoFEFERIBETTVE, &
REEZRNRE LT, Z2HETEREMBN (MLSA) &
WO EHEEFWAERICL D, BRI B iR
SRR RATz. ET Y 4 O MLSA AT E S 5580
BARF (gapA (PO, fisZ (Milas3%EE),
mreB (7 7 F VHAMILEH), topA, gyrB (LB
DNA ) 2 RWHL, 20BAZHRET L EED
12, IS DEBTFICEEIRD rrn, recA, rpoA, U pyrH
BEFEMZ R 2T 272225, E7UFRHC
BABREDUDOZ L—FBRRWEINE 71—
FIZET AT EEFRERZN R EEREM LT
Wiz, Salinivibrio, Enterovibrio .U Grimontia V& 751 ~
TYTIBEFELE ENBH 6 EBEMICOE L &
WesE X, 72, Vibrio anguillarum, V. cholerae,
V. fischeri LUV V. halioticoli BT 57 L — Fi&, £
DOBFENBTESALPE L2 SN 5% 3185 T H4EH
N (Rl (1 S A DY ARaE |5 h-F A

KRB T1R 5 N R O ey
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Taxonomic studies of the Hyaloscyphaceae (Helotiales, Discomycetes) in japan
Tsuyoshi Hosoya

Department of Botany, National Museum of Nature and Science
4-1-1 Amakubo, Tsukuba-shi Ibaraki-ken 305-0005, Japan

Molecular phylogenetic studies based on sequence data from five gene regions (ITS-5.8S rRNA, RPB2, §-
tubulin, D1/D2 LSU rRNA), and the combined data set of D1/D2 and RPB2 sequences were carried out on 37
species among seven genera in the family Hyaloscyphaceae, Helotiales. In a phylogeny inferred from the
combined data of D1/D2 and RPB2 sequences, seven strongly supported clades were detected. The clades were
also recognized in trees based on each gene, though some clades were not strongly supported. Four clades
were represented by Albotricha, Brunnipila, Incrucipulum, and Lachnellula, respectively, while members of
Lachnum were placed in the remaining three clades. Because our molecular phylogeny strongly supported a

group with granulate hairs, the hair as a taxonomic character was found to have phylogenetic importance.

Key words: Hyaloscyphaceae, Lachnum, molecular phylogeny, taxonomy
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k7 10 A ¥ 7 7 F Hyaloscyphaceae o i 4H |4 58
W4 BIERBROEFF O L CHEITO NI a Yy
¥ HWE (BWW, FEREM) Tbsb. AFoFH
W ERE S 5 DI Lachnum Retz. B L FNICTERE
PELPTAE (77 X L8HE) THbH. KEH»S
BHEEROAARMYPSREENTEY, MAEDEIES
LTINS (%, 1997). L2 L, AEEOD
HREOBRAMNTICEERT DY, BRO—HE AT
Wiz, FEFNIZEELREBICS S (e g
Dennis, 1949; Raitviir, 1970; Spooner, 1987; Raitiviir,
1987a). Lachnum (213 21 F TICR170MEAEEH s
Twa (Kirk ef al., 2001). RBIZEFHD L IEHO
TEEZERL, £MRTERE CEEICEDNLE
ELOOBRBHTHL. LirL, EOREBIL, Efd
BHWITER, VIR T 5 b 0 B i3 keumich )
S THIK 25 b D, bl RhIRORE L FROHE
EERETLHL0RL0bORENFEEL, ST

E-mail: hosoya@kahaku.go.jp

HBH., 3HIIT, FEBIEBEOURED HH, 0
TR IHBELZEE S ARRICEVWIOTTET R, &
SOEHTHL. T, TEBEZELZ HMITMELEM
WTHEIENL WD, ZARMBTHLILLHS.
FTERBOBRLFEHL LR T THEAEL, HoBER
Behbe, PEEHEELTHVWORATWS (e g.
Dennis, 1949; Raitviir, 1970; Spooner, 1987; Raitiviir,
1987a).

L7 aRXx7 v RICIE, Lachnum O Albotricha
Raitv., Dasyscyphella Tranzschel, Lachnellula P. Karst.,
Trichopeziza Fuckel, Trichopezizella Dennis ex Raitv. 72
EORBEMPEFNS (Raitviir, 1987a). TN H5DEIL,
HEEMPPERICEDN T LEZ LD, BEOMLRE
b ORH Lachnum L BT 5, 7 0XF7 7R
B ST, %S T3 S Nannfeldt (1932) (2 &
Y., Lachnum ODBEBEFIRL @RI N0, BN
WEBIEEZ b OMEELI LICR ), HERHEED
— ¥ Lachnum W& Eh7-. 7 uiXFxF7 7#0%
LM, Lachnum & BRI OSEIE, WIEHICL-
THEREDEAMFICERN D 722 EITL DD
B LRE SN TS (Dennis, 1949; Raitviir, 1970,
1987a). ZOHT, Lachnum BN O—EOMEIHE &
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LTHSLLZZY, FlE~MABEZONZ) LT, 454
BHOMNE D TR OO NEE L T& 72 (Dennis,
1949; Dennis, 1962; Korf, 1973) . Lachnum 3 X %D
HEWEOSEYEHLBRTHEEBET 0
i, BEOSFEERIIBNT Lachnum ICEFNLT W
ToHRBRRED &0 20T REMHITIC X o TREBE R T
HopicL, BOHPFZMRETALENDHLEEZL
ns.

J¥t4E, Cantrell & Hanlin (1997) 12X 1, rRNA #{=®
F (tDNA) @ ITS-5.8S $HIEA R % B/ 71
AF 7 7 BOGTF RGBT, REEBER O
&, BEOSERZOZBEEITD T OMRELIHA S
N7, 22 Lachnum 1388 & i o 3 B
(Lachnellula, Trichopeziza, Trichopezizella) 3TN E
FhTwi, Cantrell & Hanlin (1997) % Lachnum %
ZREBETHLTEEEZR LS. £ Lachnum,
Lachnellula, Trichopeziza, Trichopezizella & Perrotia
Boud., Proliferodiscus J.H. Haines & Dumont 23 B A%
A L, Cantrell & Hanlin (1997) X, ZOHR
WlEE, e7O0AF7 7 ROMERL, Lachnoideae & L
TR L72. —7, Yu & Zhang (2003) ¥ 18S rRNA
BZTFIHEEN %2 S LI LB S, Lachnum 7°%
R THDHZLERRT 57— 2RL TN 5.

Cantrell & Hanlin (1997) OB Wik, fFH
WKW EETFPITS58S HBOATH Y, B DR
B AR R Rl 0 ZEER O F 4 D R BRI D W TR
W Nhadol., T, ©T7OAF7 7 BEEEHT
DR & LT W72, Lachnum OFBHFITZ 3 HEO
AL EENTEB ST, Lachnum & % OFZRRE
DFZEBERICONTHIEH S Nl o 7.

HEOTFREEOH;TFREFWHELL, B, &
BWIEHEHE L ANV TORBWBTICB T, EEHEZ D
— F T3 EETEERMNOERAEFED LN TN S
(Liu & Hall, 2004; Hansen et al., 2005). Lachnum B X
CZ 0B RHBEORFHMBRLMHT 2720120, &R
BEa— V35 BEFIEERN 260707 REHAT
EOEPRBETHIEEEZONS. F 2,
Lachnum ¥ % OEBFEE O 5T RHEMHATIX, Cantrell
& Hanlin (1997) OMFZELDAIZETHORTE LT,
DNA 7— & N— 22 b R O FEIROIRILBCH A B Fx =
NCnhiwi-d, GFREENZAT) 72D METF
T TN EREL, MSERE B LI LEND 5.

Lachnum & FOEFEBFIE, SBEEEWEOLE
LS TBY (H%E, 1997), EWERE LToOWE
HxR 570108, BRTEHRZOBEILENLTY
A, BT, KWMETIEHAEE Lachnum & & OH%
BHEOLHEREHAL, RMES HEERZIE

il

B4 5 Ed2HWE L Lachnum EIEFRHBONEDL
X O FRBERT 24T 72 o 7.

EERIT

MERES FUDBEAE MBI, 200644 ARH
20074E 6 BiZ2 €, HAZMOIMMEIZTIREL -
TR TH L. MELLTFEENIS, AA—< UK
I/u<x=7L—% (Skerman, 1968; #&, 1978) % Hw
THITFHHER 1T, SORRDAMMEE R 2B, Ok
iz, R¥b-FF2bou—2 - 75— (PDA, =v
AA) HHEEEHICTRE L, FEBIIE LT
mkE L, BRESEZITLVWAS L2, SRERIE
R EE R EEAE (TINS) ~, 9 FRBHIC
FA 72 AR AT Bk A B G ETAl R B AR (N
445770V —KRET AYBREEFRLM (NITE
Biological Resource Center, NBRC)) ~&FetL 7z (&
1).

ForegiE EAKE2T70% ¥ ) — VTRE L%,
Meltzer 3% (537 05g, I LAV I L 20g,
Krzug—)20g, EEAK20m) LIS M7
2/ =3y by TN—T<w ML, FEBEME
1000 CHEICHR SN TV ARBIBE BB L.
¥, BMBRLATFEERELY 0% LY ) - VB LU3%
KOH CMEEL /2%, KTREL, #iIsnut—2a%
HOTHRZERL, EOWAMBOMEDHER X
UFEBORRE (Korf, 1973) #HZ L 7>, Raitviir
(1987a, b) D H KRR IZHE v, Dennis (1949),
Dharne (1965), Otani (1967), Raitviir (1970),
Spooner (1987) MEiHk% b &IZFE L7z,

DNA I, PCR, ¥*— 7 I XRIb 2%Malt
Extract 352 C 2 BME2E L 2BWEH 50mg %, B
E3mmEEEImmOEITIv Ik EHIZ
2ml DLy Ry RV 7F 2 —T7ICAN, —80C THH
@7z, B L2H K% Qiagen Tissue Lyser & Wik
L 72, DNeasy Plant Mini Kit (Qiagen) % FVs,
BHEO7E P AN - T/ ADNAZ I L7,
wmohizy ) LA DNAZSHRE L, o ITS-5.85
rDNA, LSU rDNA @ D1/D2 4Eig o —# B L UF RPB2
O—#% PCRIBICEVBIELZ. 794 -1,
ITS-5.8S 4H 15 O B IR 1213 ITS1E/ITS4 (Gardes &
Bruns, 1993, White et al., 1990) %, D1/D2 DR
121Z NL1/NL4 (O'Donnell, 1993) %, RPB2 (second
largest subunit of RNA polymerase II) ORIz
fRPB2-5F/ RPB2-P7R, RPB2-P6F/ RPB2-P7R, RPB2-
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Table 1 Taxa analyzed in the present study.

Isolate no. E(})\.‘S.Fl SERC Species Locality Substrate g;):iecting
FC-2243 16682 104372 Albotricha acutipila (P. Karst.) Raitv. Otrase, Aomori stem of bamboo grass 5/26/2006
FC-2262 16740 104380 Albotricha acutipila (P. Karst.) Raitv. Sugadaira, Nagano stem of bamboo grass 6/17/2006
FC-2094 16497 101346 Albotricha albotestacea (Desm.) Raitv, Sugadaira, Nagano stem of Miscanthus 5/18/2005
FC-2261 16730 104379 Albotricha albotestacea (Desm.) Raitv. Sugadaira, Nagano stem of Miscanthus 6/17/2006
FC-2190 16624 104363 Albotricha sp. 1 Sugadaira, Nagano stem of bamboo grass 9/29/2005
FC-2282 16771 104384 Albotricha sp. 1 Sugadaira, Nagano stem of bamboo grass 9/24/2006
FC-2013 16439 101335 Dasyscyphella longistipitata Hosoya Yamakita, Kanagawa cupule of Fagus crenata 4/17/2005
FC-2018 16433 101336 Dasyscyphella longistipitata Hosoya Mt. Tanzawa, Kanagawa cupule of Fagus crenata 4/16/2005
FC-2031 16466 101838 Dasyscyphella montana Raitv. Sugadaira, Nagano wood 4/29/2005
FC-2070 16527 102336 Dasyscyphella montana Raitv. Sugadaira, Nagano wood 5/21/2005
FC-2209 16701 104367 Dasyscyphellasp. 1 Mayagatai, Aomori wood 5/27/12006
FC-2034 16462 101339 Lachnellula occidentalis (G.G. Hahn & Ayers) Dharne  Kakuma, Nagano twig (coniferous wood) 4/29/2005
FC-2087 16513 101342 Lachnellula occidentalis (G.G. Hahn & Ayers) Dharne  Sugadaira, Nagano twig (coniferous wood) 5/19/2005
F(C-2304 16450 102346 Lachnellula resinaria (Willd.) Dharne Itako City, Ibaraki coniferous wood 2006
RC-2354 16812 104388 Lachnellula subtilissima (Cooke) Dennis Mt, Shirane, Gunnma twig (coniferous wood) 6/8/2007
FC-2110 16529 101348 Lachnellula suecica (de Bary ex Fuckel) Nannf. Sugadaira, Nagano twig of Larix kaempfer 5/21/2005
FC-2147 16582 104360 Lachnum abnorme (Mont.) J.H. Haines & Dumont Yamakita, Kanagawa wood 72/2005
FC-2172 16617 104362 Lachnum abnorme (Mont.) J.H. Haines & Dumont Yamakita, Kanagawa twig 74312005
FC-2056 16494 101341 Lachnum asiaticum (Y. Otani) Raitv. Sugadaira, Nagano stem of bamboo grass 5/18/2005
FC-2294 16758 102344 Lachnum ciliare (Schrad.) Rehm Sugadaira, Nagano leaf of Quercus crispula 9/22/2006
FC-2295 16759 102345 Lachnum ciliare (Schrad.) Rehm Sugadaira, Nagano leaf of Quercus crispula 9/22/2006
FC-2197 16637 104364 Lachnum fuscescens (Pers,) P. Karst, Agatsuma, Gunnma leaf of Lindera obtusiloba 412712006
F(C-2200 16635 104365 Lachnum fuscescens (Pers.) P. Karst, Agatsuma, Gunnma leaf 412712006
FC-2323 17632 102347 Lachnum longispineum Hosoya & Issh. Tanaka Sendai, Miyagi leafl of Lyonia ovalifolia 7/29/2006
FC-2212 16651 104369 Lachnum nudipes (Fuckel) Nannf. Mt. Iwaki, Aomori stem of Fallopia 5/24/2006
FC-2216 16709 104370 Lachnum nudipes (Fuckel) Nannf, Yuzawa, Niigata stem of bamboo grass 5/12/2006
FC-2058 16501 102335 Lachnum pudibundum (Quél) J. Schrot. Sugadaira, Nagano wood 5/18/2005
FC-2025 16451 101337 Lachnum pulverulentum P. Karst. Itako, Ibaraki leaf of Pinus densiflora 4/19/2005
FC-2283 16769 104385 Lachnum radfatun Tssh. Tanaka & Hosoya Sugadaira, Nagano leaf of Fagus crenata 9/24/2006
FC-2286 16764 102343 Lachnum radiatum Issh. Tanaka & Hosoya Sugadaira, Nagano leaf of Fagus crenata 9/23/2006
FC-2093 16545 101345 Lachnum rhytismatis (W. Phillips) Nannf. Sugadaira, Nagano leaf of Symplocos coreana  5/23/2005
FC-2165 16544 101354 Lachnum rhytismatis (W. Phillips) Nannf, Sugadaira, Nagano leaf of Symplocos coreana 512312005
FC-2034 16487 104357 Lachnum soppittii (Massee) Raitv. Kakuma, Nagano leaf of Quercus serrata 5/17/2005
FC-2160 16551 104361 Lachnum soppittii (Massee) Raitv. Mt. Tsukuba, Ibaraki leaf 5/28/2005
FC-1290 17631 102332 Lachnum varians (Rehm) Spooner Yakushima, Kagoshima fern 10/23/2005
FC-2137 16583 104358 Lachnum virgineum (Batsch) P. Karst. Yamakita, Kanagawa wood 7/2/2005
FC-2143 16588 104359 Lachnum virgineum (Batsch) P, Karst. Yamakita, Kanagawa wood 7/2/2005
FC-2117 16442 102339 Lachnumsp. 1 Sugadaira, Nagano wood 5/18/2005
FC-2211 16642 104368 Lachnum sp. 1 Mt. Tsukuba, Ibaraki stem of bamboo grass 51212006
FC-2248 16690 104374 Lachnun sp. 4 Towada-ko, Akita stem of Fallopia 5/26/2006
FC-2273 16691 104382 Lachnum sp. 4 Towada-ko, Akita stem of Fallopi 5/26/2006
FC-2202 16634 104366 Lachnum sp. 5 Agatsuma, Gunnma leaf of Fagus crenata 4/27/2006
FC-2076 16520 102337 Lachnumsp. 9 Sugadaira, Nagano stem of bamboo grass 5/21/2005
FC-2260 16715 104378 Lachnumsp. 9 Mt. Tsukuba, Ibaraki leaf 6/14/2006
FC-2234 16673 104371 Lachnum sp. 10 Qirase, Aomori twig 5/25/2006
FC-2264 16722 104381 Lachnumsp. 11 Sugadaira, Nagano petiole of Pterocarya 6/17/2006
FC-2252 16681 104375 Lachnumsp. 12 Oirase, Aomori leal 5/26/2006
FC-2253 16675 104376 Lachnum sp. 12 Oirase, Aomori leaf 5/25/2006
FC-2355 16838 104389 Lachnum sp. 13 Tsukuba, Aomori leaf of evergreen wood 6/15/2006
FC-2358 16841 104390 Lachnum sp. 13 Mt. Tsukuba, Tbaraki leaf of evergreen wood 6/23/2007
FC-2244 16680 104373 Lachnum sp. 14 Oirase, Aomori Equisetum hyemale 5/26/2006
FC-2079 16535 101344 Lachnum sp. 15 Sugadaira, Nagano leaf of Quercus crispula 5/21/2005
FC-2270 16667 102341 Lasiobelonium lonicerae (Alb., & Schwein.) Raitv, Seisyuurindou, Aomori wood 5/24/2006
FC-2285 16760 102342 Trichopeziza mollisima (Lasch) Fuckel Sugadaira, Nagano stem of herb 9/22/2006
FC-2288 16763 104386 Trichopeziza mollisima (Lasch) Fuckel Sugadaira, Nagano stem of herb 9/23/2006
FC-2156 16579 101353 Trichopezizella otanii J.H. Haines Tyoujyabaru, Oita stem of Fallopia 6/22/2005
FC-2345 16833 104387 Trichopezizella otanii J.H. Haines Sugadaira, Nagano stem of herb 6/10/2007
FC-2255 16686 104377 Trichopezizella sp. 1 Towada-ko, Akita stem of herb 5/26/2006
FC-2274 16684 104383 Trichopezizella sp. 1 Towadarko, Akita stem of herb 5/26/2006
FC-2038 16472 104355 Hymenoscyohus varicosporoides Tubaki Kasumigaura, Ibaraki wood 5/5/2005
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P6Fa/ fPRB2-7cR (Hansen et al., 2005; Liu ef al., 1999)
%, [-tubulin ®IEIZIE Btla/Btlb 3 X OF Bt2a/Bt2b
(Glass and Donaldson, 1995) % w7, wihd Ex-
Taq (TaKaRa) # v, €E 10yl TRE ¥/,
PCR O UGBS, ZNENDOBEBERFIZOVWTUTO
X HWERE LA, ITS-5.8S filiB L 1" D1/D2 LSU
rDNA : #1912 95C T3 gl se, 72—y 7
50C 30%, MR 72C 24, &M95C 300 %3041 2
VHEEDEL, BBICI2C TLOTHME ¥/,
RPB2 : #1112 95C T 3 GBS 7%, 95T
458, T == 7 52T 408, HE74C 2 5% 25%
AT NEYR L. 208, [ UIRESMCMERE
DHLIFA 7 VT LIS BERL TRIEZ25T 4 7 )V
MOEL, BEICT2C T100HMBESEL. 4-
tubulin : M I294C T 1 BEE S, 94T 1
G, T=—1 Y7 58C 14, MET2T15%30%4 2
WVHEDSR L, BBICT2CT7 aMMmE e,

PCR HWEEY O RS2, 441123 LT Exo-sap IT
(USB Corporation) 0.6ul iz, =<4 75—
T37C 304, 80C 164 »Fa~x—rL, B
PCRIEHMEW * vy, FA LI b =0 2V A% 7o
7. ¥—2x v ZARIESE, Big Dye Terminator v 3.1
Cycle Sequencing Kit (Applied Biosystems) % Jiv»,
DT XD % UREMTiol, MDIiZ95C T34 M
Biksa, EHEIST 108, 7=—1 ¥ 7 50C 105,
R 60T 4 552544 7 VgD R L72#, 60C TL0%

MEksE. 794 <—ik, PCRELEF—D TS
A w—% v, USERBYE, =%/ —VikBiZk

DAEH L, ABI 3130x]1 (AppliedBiosystems) # f\vsi
— LA LT, BoNnEERINL, BHIEEY 7
b SeqMan (Lasergen v6 DNAstar) 2 & h WA mOE

T RESYE, 2HAD»S ORI E SN E0%
ELFHLZ.
DT RIFER BBEFOFT—F v %, Clustal

W (Thompson etal., 1994) #HWTC7 54 v A bL
otk SHLICFHTHBIEEZT-/ Bohi-7F—4t
v bEL &, VT Y7 MEGA 4.0 (Tamura ef
al., 2007) ZHv, EHEHEEE (Neighbor-joining
method : NJ #) (Saitou & Nei, 1987), #% K Hi#:
(Most parsimonious method : MP %) 2 CH## %15
L7z F, BBETOEELLF—%Ey MID
WTE, XA X (Bayesian method) 2 & % ki
SIERL L7, A0 T 7 VICE, Kimura
DR E H VI, RREREIC X M ClE, %
RBEEICL ) R AR Lz, 208, BEREMN
I (step-addition option) ¥, #ESE% (random) %

95

il

BIRL, REZ100& L, aEEBR7 VI X A
(Branch-swapping algorithm) ZiX, Tree-Bisection-
Reconnections (TBR) % 7z, BiOEMfM: % e ¥
L7290, 7= ATy THREZTV, Sy F¥LYY
7Y 7E L0000 EEL. T AT v THE
(BP ) 80% Ll ko, BEMEOBEWE &R 7.

FNEFNOBRETOF—F Ly F 2 d LICRER%
PERC L7218, MIETF 28 L CRBIFIT 21795 72912,
PAUP 4.0b10 (Swofford, 2002) 2 & ¥ Incongruence
Length Difference Test (ILD 7 & I, Farris et al., 1995)
2TV, 4D00BETHOBREEEME L. Wk
ETOMAEDLETILD 7 A M afT\v, BEENED
572 D1/D2 $Hi% & RPB2 O FEEI%) % #is L 729
BOF—-45ty ML, RHEHTETo72. XA
XWX HRMMBAICIE, Mr Bayes 3.1.2b
(Huelsenbeck & Ronquist, 2001) %z w7z, 4T 24T
I B21ZiE, Modeltest 3.7 (Posada & Crandall, 1998) |2
Xy, EFNFAMEITY, RiDERIEE (AIC) %
FHLCRELZETVEBEIRLZ. GTR+GH EF L%
FHL, v 7av)—2glRx#e LT, <o
TEGBEYTHLOE (MCMCH) ICL54K0D~
b7 EEH % 300 H LR DB L (Average Standard
Deviation of Split Frequencies, ASDSF<0.03), 100 i
RTECRE 2y T L, F—F kv T
X, 22501 OZRHM D5 50% &FME/ER L7z, F
o, BHEMOFMICIIERIET (posterior
probability : PP) % w7z,

AT OMMATI BT, Hymenoscyphus varicosporoides
Tubaki #4MEE L CHW, BEFTIC, Yavyr
HEHEIZOWTE L DG FRMFWIFEL THITE
727% (Luatzoni et al., 2004; Spatafora et al., 2006; Wang et
al., 2006), 7 OAF7 7 & ZDOEBOR DR
RIFMHINTB LT, AR EMHEROBERIIH LS
RO o T, 77, BRORBRN
FHME LMRICBW TS 7V 97 v 7
ML RB720, ZOL) RELSFNLXVTOR
AT IS L 22 e R T A 2 L AW TH 5. £
T, AT T OAF T 7R E PSR R
ZaMEBEICEL, MLCay sy rHICHES % H.
varicosporoides & NEEITH 72,

R

RIFFETIE, REAEEIEDOTVEY, wihd
Raitviir (1987a, b) DEMEICZH LT, BL N
FCHEL, SRR E 2EPERICELN
LELDOFEBIIOVWTIIEOER - HEIZHEDLS
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Table 2 Characteristics of the datasets and phylogenetic trees inferred from each gene.

Gene Genus  Species

Isolates

Sequence

length
(bp)*'

Informative
sites in MP

Valuable
sitess
(bp) (bp)

Conserved
sitest
(bp)

Informative
sites in MP

(%)

Number

of MP
trees

Tree
length in
MP

Consistency

index
(CD)

Retention
index
(RD

23
23
23
21

ITS-5.8S rRNA
28S D1D2
RPB2
B—tubulin

===

469
509
643
806

201 163
410 99 62
357 286 259
235

34.8
12.2
40.3
29.2

D1/D2 +RPB2 23 3

-3

1151

5 280
5

386 321 27.9

o ww B o

536
268
1747
1207
2028

0.3899
0.5075
0.2828
0.3256
0.3111

0.7134
0.7007
0.4673
0.4697
0.4998

2 Including gap.
b Sites without substitutions.

9 Sites with substitutions.

1

—
5

Lachnum rhytismatis FC-2165
Lachnum rhytismatis FC-2093
Albotricha acutipila FC-2262
Albotricha acutipila FC-2243
/199 /Albotricha albotestacea FC-2261
IAlbotricha albotestacea FC-2094
/99, Albotricha sp. 1 FC-2282
Albotricha sp. 1 FC-2190
Lachnum pulverulentum FC-2025
Lachnellula subtilissima FC-2354
Lachnellula resinaria FC-2304
Lachnellula suecica FC-2110
Lachnellula occidentalis FC-2067
Lachnellula occidentalis FC-2034
Lachnum sp. 14 FC-2244
Lachnum varians FC-1290
Dasyscyphella sp. 1 FC-2209
100/100 rLachnum sp. 12 FC-2253
Lachnum sp. 12 FC-2252
Lachnum sp. 4 FC-2273

Lachnum sp. 4 FC-2248
Lachnum sp.15 FC-2079
5, Lachnum fuscescens FC-2200
Lachnum fuscescens FC-2197
achnum ciliare FC-2295
achnum ciliare FC-2294
Lachnum longispineum FC-2323
Lachnum radiatum FC-2286
Lachnum radiatum FC-2283

99 Lachnum abnorme FC-2172
99/94 11 achnum abnorme FC-2147

Lachnum sp. 10 FC-2234
100/100Lachnum sp. 1 FC-2211
achnum sp. 1 FC-2117

Lachnum sp. 13 FC-2358
Lachnum sp. 13 FC-2355
Lachnum sp. 11 FC-2264
Lachnum virgineum FC-2143
Lachnum virgineum FC-2137
Lachnum sp. 5 FC-2202
Lachnum soppittii FC-2160
Lachnum soppittii FC-2054
Lachnum pudibundum FC-2058
achnum nudipes FC-2216
achnum nudipes FC-2212
Lachnum asiaticum FC-2056
achnum sp. 9 FC-2260
achnum sp. 9 FC-2076

100/9
10p/99; Dasyscyphella longistipitata FC-2013

asyscyphella longistipitata FC-2018

99/91-Trichopezizella otanii FC-2345
p/eg| Trichopezizella otanii FC-2156
ﬁ&d’richopezizella sp.1 FC-2274
Trichopezizella sp.1 FC-2255
Lasiobelonium lonicerae FC-2270
1D0/99,Trichopeziza mollisima FC-2288
Trichopeziza mollisima FC-2285

Hymenoscyphus varicosporoid FC-2038 (Outgroup)

100/100 [Dasyscyphella montana FC-2031
Dasyscyphella montana FC-2070

Clade1

Clade2

Clade3

Fig. 1 One of the six equally maximum parsimonious trees of Lachnum and its allied fungi inferred from gene
sequences of ITS and 5.8S rRNA. CI=0.389925, RI=0.713409. Clades supported by bootstrap values above
80% are indicated as thickened lines with BP of 1000 replications followed by BP of 1000 replications in
neighbor-joining analysis. Clade 3 with less strongly support in neighbor-joining analysis is indicated by
broken line, while clades 1 and 2 are indicated by thickened lines at the right.Bar=5 base changes.
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Table 3 A summary of the clades commonly generated in using phylogenetic analyses based on
four genes and one combined data.

ITS-5.8S D1/D2 RPB2 B-tubulin D1/D2 +RPB2
Clade Species
NJ MP NJ MP NJ MP NJ MP NJ MP Bayes
1 Lachnum radiatum, L. longispineum, L.
- 97 87 99 99 100 100 100 99 100 100 1.00
ciliare
2 Lachnum abnorme, Lachnum sp. 1,
93 86 96 91 <80 <50 <80 <80 97 96 1.00
Lachnum sp. 13, (Lachnum sp. 10)
3 Lachnum vrigineum, L. soppittil, L. nudipes,
L. asiaticum, Lachnum sp. 5, Lachnum sp. 9, 94 <80 99 97 ND <50 ND ND 95 94 1.00
L. pudibundum, (Lachnum sp. 10)
4 Lachnum sp. 14, L. rhytismatis ND <50 96 90 100 100 <80 <80 100 100 1.00
5 Lachnum fuscescens, Lachnum sp. 15,
<80 <80 97 92 99 99 99 99 100 100 1.00
Lachnum sp. 12, Lachnum sp.4
6 Lachnellula occidentalis. Lachnellula suecica
Lachnellula resinaria, Lachnum <80 <80 <50 <50 98 87 98 98 99 93 1.00
pulverulentum, Lachnellula subtilissima
7 Albotricha acuipila, A. albotestacea,
<50 ND <80 ND 100 99 85 85 100 100 1.00

Albotricha sp. 1

For NJ and MP tress, bootstrap values are presented. For Baysian analysis, posterior probability is presented.

ND: not generated in the given analysis.

Table 4 ILD test scores (P values) carried out
on every combination of the four genes
sequenced in the present study.

ITS-5.8S D1/D2 RPB2 B-tubulin
ITS-5.8S
D1D2 0.0012
RPB2 0.0012 0.380
B-tubulin  0.0012 0.0022 0.0012
@Significantly different.
¥, Lachnum LFE L. Thbodilid, HEL®

AbNELONETNTED, NEBEARTETHS.
ITS-5.8S IBARS 7 — & & A /- RGN 7E23
TESOR R D ITS-5.8S IHHAALH 2 5 AHL Y, 469 bp DT
— %ty 2T (Table 2), NJ#E BLOMP# (2
IO REB B L7z, MP i Tk, RAUEEORRK
B @EESN, 09 bD12%/RL7 (Fig. 1).
NJ %, MP ZEOW 5 ORGEEICB T, FAELFEEL
Ty 7 VOBEEEFNECHREL L H, HERRE
2 LS\ BPETZF 2 7.

NJ #, MP#EOM AIZB VT, BPIES0% Ll LT
Fah, TRENIEHETHER S NS 2 DD H R
W, ZL—F1é7L—=—PFe2dhtobNiz. 71—
N 11X, Lachnum radiatum, Lachnum longispineum,
Lachnum ciliare ® 3% & &, 7 L — K 213 Lachnum
abnorme, Lachnum sp. 10, Lachnum sp. 1, Lachnum
sp. 13D 4% E ATV, F72, NJEOREHICE
W, BPH94% TSN A HERMEE, 71— N3

WHhED LN,

& % L. virigineum

7 L— ¥ 313, Lachnum OFEHEMT
W2z, L. soppittii, L. pudibundum,
L. nudipes, L. asiaticum, Lachnum sp.5, Lachnum sp.
IXELHIMBETH 72, 7 L—F 3OHFIL, MP

ERFEEIIBWTbAED LN L%, BPEIF64% T
b o7z, ITS5.88 HFEKFNC X 5 Rbek TIE, 80% LA

LFOBPHETHEFEINLIERARBEOKN I DOTH,
IO BT ORME L LKL, b P hho7
(Table 3).

fhOEEFIEERIIC £ 2 RMEEH  D1/D2 $Hi,
f-tubulin, RPB2 D FNZFNIZBWT, 7 2DHRMN
B, 7V—F1~2L—F7hHrEDbN, £ D
4, BPE80% L LT Frsh/z (Table3). 720
HARBETIE, BATICHWARIICE -T2 L—F2
HHVIEZ L—F3IZEENT Lachnum sp. 10 Z Bx
X, 7L — FOBBEEII—FK L. B-tubulin EiET
JBICBWT, ZL—F6&27L—F72MEHED
BfREZ R L7228, MoOBERTOZRMBICBWTIE, 7
L—FR6E7L—FRTHMEHEEREI LI R oT2.
o7 L — FiZowTid, RBFZETHERLZETDR
BB WT, RSO 2R bR o 7.

2 EEFIEERINDER T — 22y MIED RER
i V=T VRETRoZADDEETNL, 2
BIETTOMAELECEE Ty PEERL
ILD ¥ A b #4T- 72 (Table 4) ##, 6@h DAL
bE¥nH b, DI/D2 Ml & RPB2 I OBIETIIDA
BEMUDRAR LD LN, D2 ODEET LT,
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100/99/1.00 rLachnum asiaticum FC-2056

60/85/0.63
100/99/100

95/94/1.00

100/99/1.00

96/98/1.00

100/

48/93/1.00

100/190/1.00

104/100/1.00

90/93/1.00

9641.00

97/82/0.99
Lachnum varians FC-1290

Trichopeziza mollisima FC-2285

—
2

Lachnum sp. 9 FC-2076

Lachnum pudibundum FC-2058
Lachnum sp.11 FC-2264
Lachnum nudipes FC-2212
Lachnum sp.10 FC-2234
Lachnum virgineum FC-2137
Lachnum soppittii FC-2160
Lachnum sp.5 FC-2202
——Dasyscyphella montana FC-2070
Dsyscyphella sp.1 FC-2209

1.00 Lachnum sp.4 FC-2273
—‘ _’ELachnum sp.15 FC-2079
Lachnum fuscescens FC-2200
Lachnum sp.12 FC-2253

Dasyscyphell longistipitata FC-2013
Lachnum rhytismatis FC-2093
Lachnum sp.14 FC-2244
99/95/1.00 -Lachnellula occidentalis FC-2034
Lachnellula suecica FC-2110
Lachnellula subtilissima FC-2354
Lachnellula resinaria FC-2304
Lachnum pulverulentum FC-2025
Albotricha albotestacea FC-2094
Albotricha acutipila FC-2262
Albotricha sp.1 FC-2190
Lachnum radiatum FC-2283
Lachnum ciliare FC-2294
Lachnum longispineum FC-2323
Lachnum sp.13 FC-2355
Lachnum sp.1 FC-2117
Lachnum abnorme FC-2172

Clade3

Clade5

I Clade4
Clade6
Clade?

Clade1

Clade2

Lasiobeloinum lonicerae FC-2270
Trichopezizella otanii FC-2156
Trichopezizella sp.1 FC-2274

Hymenosctyphus varicosporoides FC-2038

Fig. 2 One of the two equally maximum parsimonious trees of Lachnum and its allied fungi inferred from
sequences of combined data of D1/D2 LSU rRNA and RPB2 genes. CI=0.311144, RI=0.49982. Clades
supported by bootstrap values above 80% are indicated as thickened lines with BP of 1000 replications
followed by BP of 1000 replications in neighbor-joining analysis and posterior probability in Baysian

analysis.
Bar=2 base changes.

TB23FEITHE R 5 F v v T &R \72 D1/D2 488 415
bp & RPB2 461 508 bp I= & - TEH151 bp O F— ¥ &
vy MEER L, NJ#E, MPEB LU ZFEICTRK
B & ER L7: (Fig. 2). NJ %, MP &M T O R E
BT, MOBEFEMTHENLIZBEICALDS
NZTODERJIMBEOETHRALD LN, wWIhd
BP1H90% L. ECTHE &7z, 7 Oo0HRZRMEEZ, N
A ZFEICELARFEHICBTHZED S5, PP{E1.00
TXREEINT. F 72, Trishopezizella, Trichopeziza,
Lasiobeonium % ¥ <, Lachnum & % OIEFHIED R
FRHEAS BPE90% LL BB X N PP {E 1.00 THEF &S L7z,
L»L, 7V —FHEOIZBPESB X O PPEIZ X

LBXFEPROLNT, ALOSN727 L — FHORKHE
FRIZASPIZ R S o /.

52

x =
EEBOHEFNEER

1) Incrucipulum (7 L— K1)

Lachnum cilliare, L. longispineum, L. radiatum H 5
%"AH57L—F11E, KETHELZITRTOSTER
MBIZBwTARED LN, BPESI% THFI N
(Table 3, Figs. 1, 3). Z® 3Ffid, & THEEICALL
TWwb, TNETIZ, L ciliare 37 28 (Quercus)



WY OW%E, L. longispineum (L5 ¥ F Lyonia ovalifolia
D%ZE, L. radiatum (&7 F Fagus crenata D EIED
2o EINTEY (Dennis, 1949; Tanaka and
Hosoya, 2001), ZEEIIx T 2ERESEHEEZ LN
5. 7L —F1I25 iﬂfé 3FEIX, AR TAHWO/NE
DTEERLIVE L, L radiatum & L. longispineum &
FEBORE SITHEXRT, FECRVEZATH. £
CIERETR 2084 2 IRDTE R
HNEE

7z, L. longispineuwm (IR ¥l
RS 5. —77, L cilliare \ZHIIEEDE W,
BT A, BOEX, MBEEOESIRZL2Y, b
STE L CEDORMICHE AW EZAT S, S
512, FEOMBEENIE , EARIGEWHMIEA A EIR
IZHEEFNT 5 2 &R, FEOMIBEAEMICEHPNEZ LT
b, LBELTWAE
Baral & Kneglstelner (1985) 1%, FLOMILOEENE
< EE‘IK TEFI L, FEMifRoEmASEAICE DN,
WCEDRMICHERE AT 2% Lachnum 5 M
Léﬁ‘, L ciliare (Schrad.) Baral # J¥EfE & U CHR
Incrucipulum % % L7z,
virtembergense (Matheis) Baral, I capitatum (Peck)
Baral, I sulphurellum (Peck) Baral & & &, W3 iLd
EFBEOMBAABRICEE L, KEAENICE DN
LEBIVEMICHEMEFOELZAILHEATH 5.
KFFEDRER, I ciliare & & &, MR AHERICKE
L, REAPERICEDODNLELB LOLHICHER T D
Ex BT AHEENERAGHE LB L, Lachnm OFEHE
HETH 5 L virgineum & & CHRMEE (/L —F3)
ERMAICEATE AT EFHELNIIR -7 (Fig. 2).
REZETIX, Incrucipulum A FED H 5, L. ciliare D H
EIRFTICH Wz, BRI, Incrucipulum (254 3N
7oA 3TEAEMA T, 5 FRMENZIT) 2 EALE
THb. L L, L radiatum B L L. longispineum
DILEENS Incrucipulum DEFE —F L, L.ciliare & &
LICHZMBEZ R TAI NS, FEOREL EDOHRK
ISk o TE EDBND Incrucipulum I B K722 5588
ThHbEEZBNA. Raitviir (1987a) &,
Incrucipulum % Lachnum E@’E‘ﬁ & L72%%, Lachnum
FEHRGGEBE L T 5720121, Incrucipulum % A &
®, L. radiatum 3B X O L. longispineum % Lachnum 7®
S &, Incrucipulum \CHBEI R LLEND 5.

Incrucipulum 1%, 1.

2) Lachnum (7 L — K 24)

Lachnum (37 LV —FK2,3, 4032507 L— NIl
MY, BRmEIZREshero7. 7V —F 213,
L abnorme, Lachnum sp.1, Lachnum sp. 1305 7% 5%

HIHEHETHD, 6 DORMEIZH T BP fE 80% LL

T RN (Table 3). Lachnum abnorme 1357 fi#

DA G LT HD, BB RICFENITHE
BT LGELH L (ZMFH, 2007; HEF S, 1998).

7, Lachnum sp. 1 i3V HFHDOE%, Lachnum sp. 13 1%
HESOBREL LB L LTUBAEMICHEEL, 7L —
FOBDOIEREREIILHETH S, Lachnum abnorme
B XU Lachnum sp. 1 ODFFER X, LI THRIRT
HY, Lachnum sp. 13 DF LI HEMMIETH 525, T2
TR THLI B LTS, MAT, ED
St S S Ry lﬂ?)’i’ﬁi% TEBIZIEETH S
&R, MERSRIKITEVIRORAETETH L Z & A8
H@BL TS, Lachnum abnorme %, Cantrell &
Hanlin (1997) 2B\, Lachnum brasiliense (Mont.)
Haines & Dumont, Lachnum sclerotii (A.L. Sm.) Haines
& Dumont, Lachnum euterpes Cantrell & Haines & BP
fE84% THIFEIN L HRZMBELZ R L7z, 53
BEWTFERT LIEORWIREZRF>ZETHEL T
5. Cantrell & Hanlin (1997) # X OR300 &G
5, Lachnum OILEF 2 S HEAKEE (F L—F o)
EFRMUCEBTE 2RO FERTFRBEBOR AR
EHTAENS R ERFHEIFET S ERES
N5, Lachnum % HRGEH LT 5720128, B
DOREB I OEHEEZITV, ERIOHANLHEZ ML S
HHIENEETHY, 5%, 7L—-F2iIl&8Insd
I BRRVIETERROUARZFEORHIIOVWTEHIC
FEAT A2 ATV, B4 0HENMEMN TR EEEZ S
n5s.

ITS-5.88 @ & ##t (Fig. 1) (2B W T, Lachnum
sp. 10 12 2 DERMEEICE TN/22%, MOBETFOR
B LU 2 Jﬁfx?%)ﬂb\t?ﬁﬁﬁ]‘ (Fig. 2) 12BNV T
X, 7LV —F3IZ&ENns. 7, ITS-H.8S wHEi LA

D A 12 Bb\’C i Lachnum sp. 101&, ITS-5.8S %8

WTlErs L — EINTBY, ZL—F2&7L
— K3 75‘1%;&’]?&)67%‘]&% ZzZbb. Lachnum
sp. 10 (& —F& fﬁ?%ﬁ@ﬂ*’%%% il &M TE
H BN, Lachnum DEFRIIZEHLTWAE72D, }EEQ
BEClE, Lachnum | "iﬁ@"é DWFEBEH, S5
T HULENDB.

2 L—VF31%, Lachnum OFEMEFETH 5 L.
virgineum \ZIM X, L. soppittii, L. pudibundum, L.

nudipes, L. asiaticum, Lachnum sp.5, Lachnum sp. 9,
Lachnum sp. 10, Lachnum sp. 11 2> 5 72 5 HRAMEHE T,

5 DDRMMBIZEB VT BPE80% UL ETXHH S ﬂf
(Fig. 2, Table 3). 7 L —F 3 IC&ENLTEIEOEE

7 L— FNTEHTH B4 (Table 1), FM@?ﬁﬁ
T 5 EREORBIIAREOGERE b2
ETHBELTWD., AT, FEOMIAHETHE AR
LEAWMBTH LI LR, HRPBETHLIL,



HAREY 702 %7 7 B REO R0 HF 5T

FBERE, OHEEORTFEERTAI L 3ET 5.
s U—F3EENEN S B, L virgineum, L.
nudipes, L. pudibundum, L. soppiftii X, Dennis
(1949) DIFMBRITB N T Typicae HilZEHE TN THY,
L. asiaticum, Lachnum sp. 5, Lachnum sp. 9,
Lachnum sp. 10, Lachnum sp. 11 & Typicae BilZ# 4T
LIRERHTHMTH S, AW TIE, Dennis (1949)
W& o T Typicae HIZHEINT W Lachnum
rhytismatis DIFNTIIMA T AHDS, RKFiZr L —F3
ZEENT, Lachnum sp. 14 L 2B 7 L—F4 %
B L7z, L rhytismatis iZFEDEMICKE O &% HT
BHRET, ZL—F3IHHEINLEHEERL>Tn5,
L. rhytismatis #3735 &, 7 L — F 3 1% Dennis
(1949) 1T & » TG % Lachnum & RS- 548
HrzaOHERRETH 5.

AFFFETHER L 72 RS BT, Lachnum \$H
DEZRHERE (FL—F1~2Vv—F5) 2EikL, —
DICF L FH T Eidhh o7z, Nannfeldt (1932) 28
METIEECER LI LI, Lachnum \358:%
RO ZZATED, ZRMTHELI ENHEESN
B, RWFEOMEE, Cantrell & Hanlin (1997) %
Yu & Zhuang (2003) iR & RS, Lachnum 5%
FMTH D & %R L7 Lachnum % BIIRHEEE &
FTAHDITE, JL—=F2, ZJLV—-F4DLHIT,
Lachnum OFEM 2 ECGHRAHEHE (FL—-F3) &KX
WTE, BENEANPEDLNEHEE Lachnum 55
B, 8B 0EEE L THo TV T EDNE
ThhrEEZOND., LHL, PEHOFEL»HoTw
HOHER T, BEMEEL L - F3ICETE,
RIED Lachnum VWHERTEHWRELEZERT S
LEDE. KIFEOHRITL Y, $3D Lachnum X
[ERROFRELZIZEERL, BB SRR OF3
TEBEL, MARIHEIET, BORMITAKE O
bizhw, EREMAR» S ZAFEMBOR L0l &
ERTIONFLTLWEEZ 5N A, $£72, Dennis
(1949) &, TOXWMOKREOH WL ER L b o/
2%, L. vhytismatis 327 L— R 3ICEENLho/zl b
ne, HEOFRIBEELBHELEZONS.

7 L— VN 413, L rhytismatis B & OF Lachnum sp. 14
D2HENL % BHERBHEHTHY (Fig. 2), 7 20%M
¥ (Table 3) 2BV TAHAED SN, BPES% UL ET
STEE N, L vhytismatis (%, BEAEEEL, AW
THED/NHOFERLZERT S, EOLMIIHEE
TRaELELTAL, WREIHELREE, FRBTIZ
W TH L. Lachnum sp. 14 1%, » 7% (Equisetum
hyemale) ZFEEE L, T{HVHEZ L OHBTNED
TEBREERT L. EOLMIIMAETED L3RRk

T, 2ERCEML, HHERL WMRIEPRED
PWBET, FERTFEHEE,2S LT ETH 5.
I V= F4DAPFLORARELEIHETE Lo
2720, INHIT L THSEELRETAZEIET
&9, UM Lachnum \Z B ODPFRLTH 5.

3) Brunnipila (7 L — K 5)

7 L— N5, L. fuscescens, Lachnum sp. 12,
Lachnum sp. 15, Lachnum sp. 4 5% b B JHHETH
% (Fig. 2). Lachnum fuscescens, Lachnum sp. 12,
Lachnum sp. 151, %EIEICEBT 525, Lachnum sp. 4
&, EAOEZLE L UTBAEMICEEL, K7 L—
PR T 2MOERIILZHRTHSL. 7L —F5IH
INL AL, WTHORBBEOETEDLN, 71—
L©UDTEBEFET L, AROTFERELERT S, &
IR B> LEBET, EHOAERD L ZKETDH
D, BOEMIITHREETHIEHBL TS,
72, ARPHEZBEETH Y, HEEOEMBOT
FTF 2 ETLHIEDBEBLTVAS,

Baral & Krieglsteiner (1985) i, Dennis (1949) @
BV 72 Brunneolae Hi® BO LNV BT L, 8
Brunnipila % %'} 72. Brunnipila 1%, HWOFEEZ
R L, FEEOHUEBE» SEEEOETHED
n, EOEWICHEBTIOMELEA, 7L —F51
EENLHEEI—HT 5.

Brunnipila & Raitviir (1987b) 2 & » THU
Lachnum BN DT TIF SN/, REFFEORKE X
D, Brumnipila \3RB % 5EHETH D Z LRI NI,
o T, 7 L—F 5 L Brunnipila B EHT 5~
XTH5.

4) Lachnellula (7L —K6)

7 U— N 61&, Lachnellula occidentalis, L. suecica,
L. resinaria, L. subtilissima \Z W 2, Lachnum
pulverulentum % ELHRAMTH Y, KL CHE L
FBOI B, 6 DORFEWICBNTE ZRH SN,
Lachnellula B OGERIEITXTZIOZ7 L—-FIIEEh
72 (Table 3). 7 L—F6Z&ENS 5 M, H3EH
FREEL, BHLLZFIFENOTFEREZEET
5. TEHEORMIHMVEENZ L OEICEDLR, TE
Bl hroERBOTHL I EPIETEL. FL—F
612BWT, Lachnellula WEAMBEEZLR L2 & X
D, Lachnellula BARGHEETH B I LAREINT.

Lachnellula i Nannfeldt (1932) OEERIZBW
T, ¥av s rRZEEh, Dennis (1962) #3k 7
U 2% 7 7#D Lachneae #MIZH L7212 d, Dharne
(1965) X ZOHFEWMMEMFICKS LTz, &
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7z, Korf (1973) &, 7 @A %7 7 FHI 2 DOHEL,
Trichoscyphelloideae 3 & UF Hyaloscyphoideae & ixi7,
WI# I 1E Lachnellula D &R % &7z, RFFHROH K0
%, Lachnellula ' Lachnum L35 THH I LWL
PCHRY, eTOAF T 7 RHIEAOPRETHL L
EZbNLb.

¥/, 7 L— K 612X Lachnum pulverulentum W&
F N7z, L pulverulentum i, D L FITITEM
OELOTHEERZVEL, 2RoMWRE, BEaOBE
R ET 5, EacRTMEEI VRIS DI
EEAL, SHEEMALEETAIRMTH L. LEED
X3 B3, Lachnellula \ 33X T 5L DTH B,
FERPNBTHLLZDINT TCOFETIE
Lachnellula W &H LML Z &ideho/z. LAL, K
MEoKFPICRS LT, L pulverulentum &,
Lachnum 75 Lachnellula \Hi#AEbEE LTRE
SHLERXITHS.

5) Albotricha (7 L — K 7)

7 V— N T71ix, Albotricha acutipila, A. albotestacea,
Albotricha sp. 1 5% ZHZHEHTH Y, KU TH
HLLGTRHEBOSH, 62128 WT BPES0% UL
LTHE IR A albotestacea \ZERDEZLH L
L, M55 A. acutipila 38 X U Albotricha sp. 1%, 4
DEZHRE LTS, A acutipila, A. albotestacea 13,
FAEE oS e VR ICE DN REB DT,
L, Albotricha sp. 113, ZBuidsdesid L {I3Es»
OPERIZEH L, BWIZEETHY, LIS HE
W CEHREICEDNA-EE2ET A, T2, A
acutipila B & U A. albotestaceae \THARL S L < IEERHC
2HifaCR R RVHEEO TR FEZIERL,
Albotricha sp. 1iZ M CTHIEOTFERB T2 HRT
B, ZL—F7I2&ENha 3, TEBECHE
HTHI &R, CmPFELRELFITHI L, HifEE
DFEPFERET L HFLBL WA,

Albotricha 1%, Dennis (1949) 12X o T Lachnum O
Acutipilae i & L CHbiITwiz. LA L, Raitviir
(1970) 7%, SEWICH 2> THIK 25 EEZ DD, ED
FEALEmZEREMCERICEDL TS E
Albotricha \2& ¥ Lachnum 7~ S 3¢ 72, Cantrell
& Hanlin (1997) (&, Albotricha i3> T oz
728, Albotricha & Lachnum @ ZFEERITHE &M 2
osTWihholz, Z7L—=F 7B ENT L LD,
Albotricha 7°$:380 Lachnum (7 L — F 3) L IXHA
RICERITE, HARBETH A I LATRENT.

6) Dasyscyphella

KB DONT ORI BT, Dasyscyphella

ES

il

BHAKHZERET, R L TOMELEE L%
M7z (Fig. 2). EWmPFETHLEZFHOWHE L
T&, Albotricha dTFHET 5%, Dasyscphella DEDH
WA E I 2 LR WIRT 5 DI LT, Albotricha
OF &Y BHCRImICTD o Tl 22 DPEFHT
&H5H. Weber (1992) &, Dasyscyphella & Albotricha
HRBOZOHE2 O L E X, A acutipila &
Dasyscyphella \ZB L Tw5h. L7 L, Leenurm ef al
(2000) &, TEM % H\T Albotricha B L O
Dasyscyphella DFEB L U TFENLOBELZHEL, 2
BOTEOWENRE R L ZLERL TS, KUY THE
LIS TRBEBIZBWTY, Dasyscyphella &
Albtricha D BERMBEIZIZE T NT, Albotricha &
Dasyscyphella \ZXNTE B EAREN. LaL,
Dasyscyphella 73E R B CL WITEEME b RIR &
, RFETHITIICHV DR 3FEOATH L0,
SOV Y INVEEERL LT, BT A L8NS 5.

EBEFORBAEFWBEFTICSIB3FRMEICOVNT
KHFFE TOF R ICH W2 @R T ORI EE R
4+ %L RPB2 EIEF A b 2o 7z (Table 2).
D1/D2 #EiRiZ, FEHE L OV A PR L DR, FE
O TV TEFERZIEO OGNV, b L IEE
EOBRTH o7z, DI/D2 FIHIE, KR THW MR
EET B, B EREIERTFNLZEHETSH
LEEZOLND.

F7-, BBEFORFHIZHIT S BPE80% TH#E
ENLEOEIEL TASE, RPB2 DRGMICH
W BPE80% DL L THRFENLHOB» RS S 1o
72 (Table 3).

Vaw ¥ r Tk e S5 Lecanoromycetes D45
TR ICBWT L, RPB2OF A REN
T b A (Hofstetter ef al., 2007), RKFEDOHERICE
WTH rRNA#EZET % 72— F9 5 HIRICH, RPB2
VHHTHB I EWRES N, £/, FFETR
D1/D2 & RPB2 @7 — % % L CIITIC 7225,
COF—=5ty bEHWERHEBICBW T, BPE
80% L L TR SN ABOHIE, FEETZHMTH
WA XD LS o7z Lachnum & & OIEFZREIEO
ST RAEBATICBWT D, RPB2IXAHHMEZRL,
RPB2 & rRNA R FHRERS ZEETH I LIZLDY,
E ST RRMATIIBY 28 A5 2 & 25RIE
N7,

Lachnum $ LU ZDEBRAFOHDEFZ N4 & H
Trichopezizella, Trichopeziza, Lasiobelonium i< 7
7 XLATHEPERRREZBRTEI LRI NT
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(Fig. 2). Trichopezizella, Trichopeziza, Lasiobelonium
&, wWIhd, RAEEIHELELLS A~
MOIEEHTAHONIET, BOEKHOL L LH—
WA ICBEDLN T B Lachnum, Brunnipila,
Incrucipulum, Dasyscyphella, Lachnellula, Albotricha
L8 o Twb, Raitviir (2002) &, L#ko$<To
FJ7XALBMEBEOEEELRHELT, 77 X 4%
Lachnaceae %208 L7:%%, RWFEO#EEIL, FiF - f
MM OEZECRBEORRKEIEIRBE I N2
720 L7200 TS 7 XAMBEORT, HBARLGEN
RN IES 72012, Trichopeziza, Trichopezizella,
Lasiobelonium % W<, 2% &b BOEBOERT A
BAZEDLN, BEDL L REORCIEREOMAT AT
550 XLHEENR TN —TE L TERENLRET
HBEZEMWREEN/Z, LhHL, IhsiIWL, 57
X LR 2RI T 5121, X 5L OIS ERE &
DT DRI LEEL 5.

I )

A4 Lachnum (e THAF 778, Cavw sy H)
& X DWEDFREO TR AROMH B L ORI
CHEARROFRF =B E L, Lachnum & 385534
RE 7 B3THISS W MR OB HGEE T (ITS-5.8S, 285 rRNA
D1/D2 3%, RPB2 B & UFf-ubulin) HHEETI % D &
RN 24T 072, o b FB/LETTHERTH -
72 D1/D2, RPB2 I AEH] 7 — & %4k L 7= Rk
BWT7T2D 7 L— FOHZGREDSHE RIS H ¥
Eh, INH6Dr7 L — FiZMbo s+ R < b FHko
ZENAEDOENT. 40D LV — 25,
Incrucipulum, Brunnipila, Lachnellula, Albotricha @ H.
FAREED R EN, Lachnum (ZHHE IR Twiz L.
radiatum & L. longispineum 13 Incrucipulum = L.
pulverulentum 1% Lachnellula (BT XEThH 5.
Lachnum JBE5IEREL 3 DOHERKEHICGHINR, BoE
RIEATR SN, RMPEELEEZ S DOEDSAO,
D LB LOREIORMAERIIE LN HHEAHR
wmEr R L7z

ARIFFEBI R T 5 NP 28 R O ey

(EEEEs)|

D BN, MEm, fiEE, sMLET, W (2006)
H AR Lachnum R E ZOHME (7o xx7 7
) o5 FREENURE. HARE&E0mKASE (T
%2) (20064F 6 F 34 H).

2) fENEE - MIEM - FiEE (2007) Lachnum EWHE (F
FEW UL, Lachnaceae) & % DILHHE DT RS

Whge., HARRZESESIE KRS (o) (20074 5 A
26-27 H)

3) IR, M, WigE, SMEFET, O (2008)
Lachnum I8 & % OFGHEIAO 5T RHE %8, BA
B ER2M KRS (ZHE) (20084E5 H31A~6 A 1
).

RAFEBAICFEL L 72Tk

KIFFERIZBOTHEES N, FE SN0k~
IZDOWTIENBRCIZEFERLLTHBD, PIHATETH .
Albotricha acutipila NBRC 104372
Albotricha acutipila NBRC 104380
Albotricha albotestacea NBRC 101346
Albotricha albotestacea NBRC 104379
Albotricha sp. NBRC 104363
Albotricha sp. NBRC 104384
Arachnopeziza aurata NBRC 102331
Arachnopeziza aurelia NBRC 102330
Arachnopeziza delicatula NBRC 102329
Arachnopeziza obtusipila NBRC 102333
Arachnopeziza obtusipila NBRC 102334
Arachnopeziza sp. NBRC 102327
Arachnopeziza sp. NBRC 102328
Dasyscyphella longistipitata NBRC 101335
Dasyscyphella longistipitata NBRC 101336
Dasyscyphella longistipitata NBRC 101351
Dasyscyphella montana NBRC 101338
Dasyscyphella montana NBRC 102336
Dasyscyphella sp. NBRC 104367
Hyaloscypha sp. NBRC 101356
Hymenoscyphus varicosporoides NBRC 104355
Lachnellula occidentalis NBRC 101339
Lachnellula occidentalis NBRC 101342
Lachnellula vesinaria NBRC 102346
Lachnellula subtilissima NBRC 104388
Lachnellula suecica NBRC 101348
Lachnum abnorme NBRC 101350
Lachnum abnorme NBRC 104360
Lachnum abnorme NBRC 104362
Lachnum asiaticum NBRC 101341
Lachnum ciliare NBRC 102344
Lachnum ciliare NBRC 102345
Lachnum fuscescens NBRC 104364
Lachnum fuscescens NBRC 104365
Lachnum longispineum NBRC 102347
Lachnum nudipes NBRC 104369
Lachnum nudipes NBRC 104370



Lachnum pudibundum NBRC 102335
Lachnum pudibundum NBRC 102338
Lachnum pudibundum NBRC 104356
Lachnum pulverulentum NBRC 101337
Lachnum radiatum NBRC 101355
Lachnum radiatum NBRC 102343
Lachnum radiatum NBRC 104385
Lachnum rhytismatis NBRC 101345
Lachnum rhytismatis NBRC 101354
Lachnum soppittii NBRC 101340
Lachnum soppittii NBRC 104357
Lachnum soppittii NBRC 104361
Lachnum sp. NBRC 101344

Lachnum sp. NBRC 101352

Lachnum sp. NBRC 102337

Lachnum sp. NBRC 102339

Lachnum sp. NBRC 104366

Lachnum sp. NBRC 104368

Lachnum sp. NBRC 104371

Lachnum sp. NBRC 104373

Lachnum sp. NBRC 104374

Lachnum sp. NBRC 104375

Lachnum sp. NBRC 104376

Lachnum sp. NBRC 104378

Lachnum sp. NBRC 104381

Lachnum sp. NBRC 104382

Lachnum sp. NBRC 104389

Lachnum sp. NBRC 104390

Lachnum varians NBRC 102332
Lachnum virgineum NBRC 101343
Lachnum virgineum NBRC 101347
Lachnum virgineum NBRC 101349
Lachnum virgineum NBRC 104358
Lachnum virgineum NBRC 104359
Lasiobelonium lonicerae NBRC 102341
Polydesmia pruinosa NBRC 102369
Trichopeziza mollissima NBRC 102340
Trichopeziza mollissima NBRC 102342
Trichopeziza mollissima NBRC 104386
Trichopezizella otanii NBRC 101353
Trichopezizella otanii NBRC 104387
Trichopezizella sp. NBRC 104377
Trichopezizella sp. NBRC 104383

4

ARFFEE (W) SEREAFIERTIRZEBI AL (20054F 4 A~

il

2008E 3 B) W XoTHbN/zbDTT. K7 —<%
WEL, BELWEME2THEELE L () BE
OB RICEH L ET. AWRZERTAHICHAD,
BEL 7T — YR, 5T RGN % &I %
LTCFSwE LR EGRBERERER, 1
BRICHECHILE L L Ed. REOFEAZME LT
{8 VF L RFRF A EREER 0 geF,
FEME I E LB L R E Y. 20T, —#
DI T NITDWT, 28S rRNA Bf=FIEEBH] 7 —
¥R LT EE o7z, MATBUE A B B
FRARARRE, P BREEL, AALEFFIG LD EIKI
JECHIFLE L BT E .
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Isolation, preservation and systematics of mycobionts
and photobionts that compose lichens

Yoshikazu Yamamoto

Department of Bioproduction Sciences, Faculty of Bioresource, Akita Prefectural University
241-438, Kaidobata-nishi, Shimoshinjo-nakano, Akita, Akita 010-0195, Japan

About 2000 lichen specimens have been collected from Japan, Korea and Malaysia for these 3 years.
Distributions of selected 12 species were clarified in Japan. Until now, 309 species of mycobionts were isolated
by the culture methods using spores and thallus tissues among about 1600 known species of Japanese lichens
and also photobionts were isolated by the tissue culture method. It was attempted to freeze cultured lichen
mycobionts in the liquid nitrogen; most of mycobionts could be survived after the stepwise freezing. Though
three morphologically resembled pairs of lichens were chemically distinguished by the color test until now, it
was difficult to do them by the PDA-HPLC analyses. Canoparmelia aptata was proved to be phylogetically
identical with C. texana. We clarified the haplotypes of the mycobiont and photobiont of Flavoparmelia caperata.

Key words: Lichens, Fungal and algal culture of lichens, Systematics
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WRFIEEEBEE» O EAYTH DL, B
BHRE EITER, HERF ) aLRUMBTHS.
— OIS A 0T, RREE, MEEE, V7
JNTFNT (7 VEE) ThEH (FHN, 1974 1K,
2007). HRFILZ O L) RILERBRE R L CHE
DEEMSELOE L, () KE» S, EiLE
BOBEERBREI ST EHR O KB RO E %3
¥, B OEEEICELHREEICE TEFLTY
b, TOXIIEYWROPTIHIFEFRRMEL 5O 5 H
KEEIE, 500 FEFE DL L oMK G & IS 5 Hh I
BHOILEMHEZRHEDE LTEET L. RESD
LB DM, 192042 58L& B £ U4l
(Asahina & Shibata, 1954) 2k ->TiEE Y, BEFT

E-mail: yyamamoto@akita-pu.ac.jp

SERIEFEE - NGRS (BRI SR A4 1 8 TR 2 B A iy 2k
FERERD, BB (BRE N RS AW BB 5 A AR
ERERD), BERE (REE L KA & IRE A 4
FEFEEL

WH00 B LOoMKEFIPHERESINTWES
(Huneck & Yoshimura, 1996). I 25 H#E513—%
IR T AREORBED L EZ N TnD, ik
W OWRFIZE T B ZENIW L NI T iRn
75, WHLEHEOLARRE RO OOWHEOEHIC
W9 B HHYE L U COREDASNT, MR EH O BEhE A
MOBAEY LRI LB &0 5, iy
KT 5EENHWE (Fnaxy—WE) & LT,
FRBICH L CEEHYELE LToREEZHS Ty
HEEZLNTWA, T/, WERBEEICHET A0
WAV IRERERE, BEAERE, TR - TR - W gERREE
#FHAIBDEEZONT WS, FOHMEIHIT Nk,
3, foR, &R, FEMSRA ST & (LK, 2001).
WA S OBEHEL IO W CIERENEIEA TV S
(Yamamoto et al., 1998).
BAETEUKREIHEO—HE M, HRTL
TN L, HEON /4% 505, METLH
b L OHEHEOSEERE R, BTE#EYE (Yoshimura
et al., 2001) & MR (Yamamoto ef al., 2001) 2%
WRETH 7%, TOMAFFHPLHEMEIIHS LTI RV,
F 70, BEROGEIIOVWT ORI RV, RS
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HIZoWTIE, EEEETE RV RRENIIE 5
DHNTWBER, HERETH L{LFEFHENIIE L O
MEAHLPICENHIRE L v, BAFIINSHH
HIZOWTHED IR RE ST 5.

EERTTER

ME MBEE LTENS XTI S3RE L 2K
B % SR LR PR 38 B & O BRI
7o. F72, ALEND B VIS TR AR o R E S
wis REFEOREICIE, AMRRCHREFELTHLH
KD OEATHCL.

& R FHEIDo Tk, BF k%S
(Yoshimura et al., 2001) & ##HE3EH: (Yamamoto ef
al., 2001) ZH iz, FEHNEIE IR SCRICEIR L2 F ik
RUEFH L7z,

BEFEICOWTCIEM AR Z R L, diEiR
FRWASEESMT ((165C) THREMITV, [T
MLl & [FHEES Y 02 BBRR 2 HnwTHRER
L7, BMRER MY S 50mg 2 FEE L [P Isk
L] 0B ZOF FHEHERFRBRZ T 7.
[Fiag&Ed Y | oKL, 4T GFE) T3 HIE
FAREERE, KW T-83C GFEE) T3 HMERE L%
2, BERERRAETo 2. BRTH50C T142, i
BIREFITV, F0%, WRFEEZWE LR, £
FERRELF 2 (MY) ¥HT0H MRS E L, i
REE,POMPERZFIW/ZMEEED 100mg £ HE 2
T A% BB RESEYRH 5 & e L7z,

TARHEE, THREBIE L ALK SO, 5T R
WICE VT o BEBZICIEFEOHB 2L TICE
REEMEE = v, ALFERSaTIcE, BaUSE 7+
A= T VA EEBKI O P TT T4 —%
Huw/z, BEEGIEBUTOLIICLTIT-72. () b
RIKDOREE A A THhERD, MELTHEEES. (2
BEEELTCPHE X972y IT7I 0Ly )
— VBT T0E K (AN KEEET B o AEHD,
CHl (T FANVIVR) ZHETS. ) &HICH
EEE LB, BERICY Ttk RS, T2 b
FAF—=F7 VA EREHR IO 7T 74 —D%
U ToEY thHbH., HiE . BEEERE HPLC
10A-DP, # T & . YMC-Pack ODS-A, 150 x 4.6 mm L
D., S5um, 12nm, ¥ HiEEE : MeOH:H,0:H,P0, =
80:20:1, W& . 1ml/min, #» I AiRE 40T,
BT M FAF—FT LA, BHEERE  180-700 nm
(254nm). 5FRBMHTE, DNA O, rDNA ®
ITS (ITS1+5.85+ITS2) fHik D HIE, WREFDORED

&

&

i, Clustal W 77 225077422 2AEK
L, NJplot 702 9 A% W TRHEW E/ER L7z
Ty 4 THEIE, BohiT7TS54 Ay b a2 TCS 71
75 M & )T, Cytoscape 7 H 75 A% HWT
NTOF AL TRy VT —7 BER L.

o R

HIRE S S PHEROSBIEE H AR D MR HH T
BAET CITRE (TRT) BLUOHMEE (¢
TRY) LD 1278 309 F OB Mk 2 1572, BRI
By L 72 % Table 1 1Z/R L7z, AR ENS
(2006) (2Pt o 7. BUEPIIRERITEY LM BeRT.
T, MBEEERICLY, WREEETH S
Trebouxia spp. & Nostoc spp., Myrmecia sp., Coccomyxa
sp. DAREZEE L 7.

WREGOEERT  HKWI6E A543 D ST Ik
GRBEIT o7, ZOMAEE Fig. 1177, -165C D
FAERAFIZ BT, PARSUR L 20 hdi 56% DL
RThozbDW, FMBMZITI I L TIZ% DK
RRPESFT 5 2 EPHL NI R o 72,

HWARBEOEANS Wy R P I A 5 4 (b i
FEHMS - EHHEE, SRHEEB AT - HIRGE - B
Ly - FLEHIRGR, AFEAEPTH, BERBEARMGIL, HRITHS
BRI, B¥EASL, FMkEEok  FRE - H
B, RREEILAUL, KBUEZET - BWRIL, £R
BokE s Bl - REAR, fBalRsEsiil, SeRa
BBIL, FREEARERT, REARRREARTT, WiRILEZ &)
BLOEN BEBENE, 74, LAY 7) TH
20005 2 $R4E LG HAAT L7z, S okl a8,
b3 ER, TR ERICM L 72,

ERTEF TR XI5 R EEPILSGHL, &
HRENES ThH1I2EIC OV THAREEZITY, B
FREGFT-F LB L. RENSGEE L 0z D
TOMY THDH, 27 FF)F VT Dirinaria
applanata, 3 27TV F -t Usnea diffracta, 7 5
VoA H & Usnea rubrotincta, ¥ 7 X J ¥ I 7
Flavoparmelia caperata, 7 A/ F 3% Parmotrema
tinctorum, 22 3 T4 Menegazzia terebrata, £ 7 =7
A R T4 Ochrolechia parellula, £ 7 % r Umbilicaria
esculenta, /N7 T Cladonia rangiferina, 77 2\
Cladia aggregata, ~“~ Y + Y I 47 Porpidia
albocaerulescens, =% 7 F I/ Pseudocyphellaria
crocata. Fig. 212% 7 2 J ¥ T OoENGA 2R L.
A7FFY)F)TEENETTFNY H— MERE EES
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Table 1 Tissue cultures* from thalli and mycobionts from spores** of Japanese lichen species.

ORDER or Family Genus Species
Acarosporaceae 1 Acarospora A. fuscata*®
0 Phacopsis, Polysporina, Stragospora
AGYRIALES 0
Arthoniaceae 2 Arthonia A. cinnabarina**, A. spadicea**
0 Eremothecella
Arthopyreniaceae 0 Arthopyrenia, Mycomicrothelia
Arthrorphapidaceac 0 Arthrorphapis
Asterothyriaceae 0 Aterothyrium
Atheliaceae 0  Dictyonema
Melaspileaceae 0 Melaspilea )
Baeomycetaceae 2 Baeomyces B. placophyllus®** B. rufus**
Bacidiaceae 2 Tephromela T. americana**, T. atra*
0 Adelolechia, Bacidia, Bacidina, Cliostomum, Japewia, Lecania, Phyllospora,
Solenospora, Triclinum, Malocolmiella
Biatorellaceae 0 Biatorella
Brigantiaeaceae 1 Brigantiaea B. ferruginea™
Caliciaceae 3 Calicium C. abietinum®, C. chlorosporum*, C. viride*
0 Acroscyphus
Candelariaceae 0  Candelaria, Candelariella
Catillariaceae 0  Catillaria, Toninia
Chrysothrichaceae 1 Chrysothrix C. candelaris*
1 Cladia C. aggregata*
Cladoniaceae 37 Cladonia C. amaurocraea®, C. arbuscula subsp. beringiana®, C. arbuscula
subsp. mitis*, C. bellidiflora*®, C. borealis*, C. cenotea®, C.
cervicornis®, C. chlorophaea*, C. coccifera®, C. cornuta*, C.
crispata*, C. cryptochlorophaea, C. cyanipes®, C. deformis*, C.
digitata®, C. furcata®, C. graciliformis*, C. gracilis subsp.
turbinate®, C. granulans**, C. grayi*, C. humilis*, C.
krempelhuberi*, C. macilenta*, C. maxima*, C*.
merochlorophaea®, C. metacorallifera®, C. phyllophora*, C.
pleurota® **, C. ramulosa**, C. rangiferina®, C. rappii*, C.
stellaris*, C. strepsilis*, C. subcariosa™*, C. turgida*, C. uncialis*,
C. vulcani® **
I Gymnoderma G. coccocarpum*
I Pilophorus P. clavatus¥**
0 Thysanothecium
Clavariaceae 0 Multiclavula
Coccocarpiaceae 0  Coccocarpia, Spilonema, Spilonemella
Coccotremataceae 1 Coccotrema C. porinopsis*
Collemataceae 0 Collema, Leptogium, Physma, Ramalodium, Massalongina
Coniocybaceae 2 Chaenotheca C. brunneola*, C. furfuracea® **
0 Cyphelium, Sclerrophora
Crocyniaceae 0  Crocynia
Ectolechiaceae 0 Badimia, Barubria, Calopadia, Lasioloma, Loflammia, Lopadium, Sporopodium,
Trapellaria
Fuscideaceae 0 Fuscidea, Maronea, Orphiniospora, Ropalospora
Graphidaceae I Diorygma D. soozana*
U Glyphis G. cicatricosa*
9 G awaensis*, G cervina®** G. cognata*, G. connectans*/**, G
Graphis intricata®, G. proserpens*, G. rikuzensis*®, G. scripta */**, G
tenella® ** )
I Leiorreuma L. exaltatum® **
2 Phaeographis P. asteriformis¥** P, pruinosa**
I Sarcographa S. melanocarpa™
0  Carbacanthographis, Fissurina, Gyrostomum, Hemithecium, Platygramma,
Platythecium, Thecaria
GYALECTALES 0
Gomphilaceae 0 Echinoplaca, Gyalecidium, Gyalideopsis, Sagiolechia, Tricharia
Haematommataceae I Haematomma H. puniceum™ **
Hymeneliaceae 1 Aspicilia A. contorta*®*
1 Tremolecia T. atrata*®
0  Lobothallia
Icmadophilaceae 2 Dibaeis D. absoluta**, D. baeomyces*
2 Iemadophila 1. ericetorum®, I. japonicum*
0 Pseudobaeomyces, Siphula
Lecanoraceae 12 Lecanora L. argopholis*, L. chionocarpa*, L. cinereofusca®*, L. imshaugii*,

0 0 . O . . . v
L. iseana™*, L. megalocheila®**, L. muralis**, L. nipponica™ **
> )
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ORDER or Family

Genus

Species

L. pulicaris**, L. pulverulenta®*, L. sibrica®**, L.

subimmergens**
0  Calvitimela, Carbonea, Clauzadeana, Lecidella, Miriquidica, Pyrrhospora,
Scoliciosporum

Lecideaceae 0  Cecidonia, Hypocenomyces, Lecidea
Leptosphaeriaceae 0 Leptosphaeria, Tomaselia
Letrouitiaceae 0 Letrouitia
Lichinaceae 0  Anema, Ephebe, Lichinella, Paulia, Phylliscum, Pyrenopsis, Synalissa, Thyrea
Lobariaceae 1 Lobaria L. adscripturiens**

I Pseudocyphellaria P. aurata®

0  Sticta )
Loxosporaceae 1 Loxospora L. ochrophaea™ **
Megalosporaceae 2 Megalospora M. sulphurata*, M. tuberculosa**
Melaspileaceae 0 Melaspilea
Micareaceae 1 Psilolechia P. lucida™*

0  Helocarpon, Micarea, Melaspilea
Microtheliopsidaceae 0 Microtheliopsis
Monoblatiaceae 0 Acrocordia, Anisomeridium
Mycoblastaceae 1 Mycoblastus M. sanginarius*
Mycocaliciaceae 0  Chaenothecopsis, Mycocalicium, Phaeocalicium, Stenocybe
Leptosphaeriaceae 0 Leptosphaeria
Nepromataceae 1 Nephroma N. helveticum™**
Opegraphaceae 0  Opegrapha
Ophioparmaceae 1 Ophioparm 0. ventosa® **
Pannariaceae 0  Erioderma, Fuscopannaria, Kroswia, Leioderma, Pannaria, Parmeliella,

Protopannaria, Psoroma, Santessoniella

Parmeliaceac 4  Alectoria A. lata*, A. nigricans*, A. ochroleuca*

3 Anzia A. colpota*, A. japonica*, A. opuntiella*

2 Arctoparmelia A. centrifuga*, A. separata™®

2 Asahinea A. chrysantha®, A. schoranderi*

2 Bryoria B. furcellata*, B. trichodes*

1 Bryocaulon B. divergens*

I Bulbothrix B. isidiza*

1 Canomaculina C. subtinctoria*

4  Cetraria C. aculeata*, C. laevigata*, C. islandica subsp. orientalis*, C.
odontella*

1 Cetrariella C. delisei*

4 Cetrelia C. braunsiana*®, C. chicitae*, C. japonica*, C. nuda*

1 Cornicularia C. normoerica*

3 Evernia E. divaricata*, E. esorediosa*, E. prunastri*

1 Everniastrum E. cirrhatum™

2 Flavocetraria F. cuculata, F. nivalis*

1 Flavoparmelia F. caperata*®

| Flavopunctelia F. sorediata*

9 H. fragillima*, H. hypotrypella*, H. metaphysodes®, H.

Hypogymnia nikkoensis*, H. physodes®**, H. pseudoenteromorpha*, H.

pseudophysodes*, H. submundata™, H. vittata® ®*

5 H. koyaensis*, H. osseoalba®, H. pseudosinuosa®, H. revoluta*®,

Hypotrachyna ; -

H. sinuosa

1 Imshuagia 1. aleurites*

1 Karoowia K. saxeti*

2 Melanelia M. olivacea®**, M. stygia*

1 Menegazzia M. terebrata®

5 Myelochroa M. aurulenta®, M. entotheiochroa*, M. galbina*, M. irrugans™,

M. leucotyliza*

N. asahinae*, N. endocrocea*, N. ornata*®, N. pseudocomplicata™
P. adaugescens*, P. fertilis*, P. isidioclada®, P. laevior® %% P,
marmorolypha*, P. omphalodes**, P. pseudolaevior*, P.
pseudoshinanoana®, P. saxatilis*, P. shinanoana®, P. squarrosa¥®,
P sulcata®

4 Nephromopsis
12 Parmelia

1 Parmelinela P. wallichiana*

3 Parmelinopsis P. horrescens*, P. minarum®, P. spumosa™®

1 Parmeiopsis P. ambigua*

7  Parmotrema P. austrosinense*®, P. cristiferum*®, P. mellissii*, P. chinense®, P.
parahypotropum*, P. praesorediosum™®, P. tinctorum*

2 Platismatia P. interrupta*

1 Pseudephebe P. pubescens*

2 Punctelia P. borreri*, P. rudecta*®

3 Rimelia P. clavulifera®, R. hawaiiensis*, R. reticulata™

1 Sulcaria S. sulcata*
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ORDER or Family

Genus Species

Peltigeraceae
Peltulaceae
Pertusariaceae

Physciaceae

Pilocarpaceae
Placynthiaceae
Porpidiaceae
Psoraceae

Pyrenulaceae

Ramalinaceae

Rhizocarpaceae
Roccellaceae
Solorinellaceae
Sphaerophoraceae
Sphinctrinaceae

Stereocaulaceae

Stictidaceae
Strigulaceae
Teloschistaceae

Thelotremataceae
Thelenellaceae
Tricholomataceae
Trichotheliaceae

Trypetheliaceae

Umbilicariacea

Verrucariaceae
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T. americana®, T. sepincola*®
T. togashii*

Tuckermannopsis
Tuckneraria

Usnea U. baylei*, U. bismolliuscula*, U. ceratina*, U. diffracta*, U.
filipendula*, U. himalanaya*®, U. longissima®, U. merrillii*, U.
nidifica*, U. pangiana*®, U. pectinata®, U. rubicunda*, U.
rubrotincta® **, U. subfloridana*, U. trichodeoides*

Vulpicida V. juniperinus*, V. pinastri*

Xanthoparmelia X. coreana®, X. orientalis*, X. tuberculiformis*

Allocetraria, Canoparmelia, Lethariellia, Oropogon, Parmelina, Protpparmelia,
Relicina

Peltigera, Solorina
Peltura
Ochrolechia O. parellula®**, O. trochophora*® ** O. upsaliensis*, O.
yasudae* **

P. astomoides*, P. commutata*, P. corallina*, P. flavicans*, P.

Pertusaria .
laeviganda*, P. subobductans**

Varicellaria

Anaptychia A. isidiza*, A. palmulata*®

Buellia B. stellulata**
H. diademata*, H. hypochraea*, H. hypoleuca**, H. japonica*®, H.

Heterodermia leucomelae™®, H. microphylla*, H. obscurata®, H. pandurata®, H.
pseudospeciosa*

Phaeophyscia P. endococcinodes*, P. limbata*, P. squarrosa®*

Physcia P. aipolia**

Physciella P. denigrata**

Pyxine P. endochrysina*® **, P. limbulata**

Amandinea, Baculifera, Diploicia, Dirinaria, Hafellia, Hyperphyscia, Physconia,
Rinodina, Sculptolumina

Bapalmuia, Byssolecania, Byssoloma, Fellhanera, Fellhaneropsis
Placynthium, Polychidium, Polychidium, Vestergrenopsis

Amygdalaria A. panaeola® **

Porpidia P. albocaerulescens ¥ **, P. macrocarpa**
Immersaria, Mycobilinda, Paraporpidia

Psora P. scalaris*

Lecidoma, Protoblastenia, Psorula

Pyrenula P. japonica*

Anthracothecium, Distopyrenis, Lithothelium, Pyrgilius, Sulcopyrenula

Ramalina R. almquistii*, R, conduplicans¥**, R. dilacerata®**, R. duriei*,
R. exilis*, R. geniculata™®, R. leiodea®, R. litoralis*, R. pacifica*, R.
pertusa*, R. peruviana*, R. roesleri* ** R. siliquosa® **, R.
sinensis**, R. subbreviuscula*®, R. yasudae*

Rhizocarpon R. geographicum*

Catolechia, Epilicheri

Enterographa E. praepallens*

Bactrospora, Chiodecton, Cresponea, Dichosporidium, Lecanactis, Lecanographa,
Mazosia, Opegrapha, Pulvinodecton, Roccellina, Schismatoma

Gyalidea

Bunodophoron B. formosanum*, S. melanocarpum*

Sphaerophorus S. fragilis*, S. globosus*, S. meiophorus*

Sphinctrina

Stereocaulon S. curtatum™, S. commixtum**, S. exutum*, S. intermedium*, S.
Japonicum *xx S octomerellum*, S. paschale*®, S. sasakii**, S.
sorediiferum* **, S, vesvianum* **

Petractis

Hyalopyrenia, Strigula

Caloplaca C. crenularia**, C. flavorubescens**, C. leptopisma**, C.
lobulata® **, C. scopularis*

Xanthoria X. elegans™®, X. fallax*, X. mandschurica™

Thelotrema T. lepadium**, T. nipponicum**, T. subtile® **

Chroodiscus, Diploschistes, Ingvariella, Myriotrema, Ocellularia
Thelenella, Julella

Lichenomphalia
Porina, Trichothelium
Trypethelium T. eluteriae

Pseudopyrenula, Trypetheliopsis

Lasallia L. pensylvanica*

U. caroliniana*, U. cylindrica*, U. esculenta*, U. hyperborea*®, U.
kisovana*, U. muehlenbergii*, U. proboscidea*®, U. vellea*

D. miniatum*

N. pulchella*

Umbilicaria

Dermatocarpon
Normandina
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ORDER or Family Genus

Species

0 Agonimia, Catapyrenium, Clavascidium, Neocatapyrenium, Placidium, Psoroglaena,
Scleropyrenium, Staurothele, Thelidium, Verrucaria

Xanthopyreniaceae 0 Collmopsidium
Imperfected 1 Leprocaulon L. arbuscula
2 Thamnolia T. subuliformis, T. vermicularis
0  Lepraria, Botryolepraria
Totals (46) 309 (127)
0, 0,
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Fig. 1 Freezing preservation of cultured lichen mycobionts in the liquid nitrogen directly or after the
stepwise freezing. Cultured lichen mycobionts were maintained at -165C ([J) for 6 months or
they were done at-165C after the stepwise freezing (Hl) for 6 months.
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Fig. 2 HPLC chromatograms of acetone extracts of Canoparmelia aptata and C. texana. Canoparmelia
aptata and C. texana were collected at Itsukushima is., Hiroshima Pref. and Kimiidera temple,
Wakayama Pref., respectively. HPLC conditions are as follows; column, YMC-Pack ODS-A, 150
x4.6mm 1 D., S5 um, 12 nm; solvent, MeOH:H,0:H,P0,=80:20:1; flow rate, 1 ml/min; column
temp., 40 C; detector, photodiode array.

Fig. 3 Distribution of Flavoparmelia caperata in Japan. Collection sites of our specimens of F.
caperata collected from 2001 to 2007 are shown as large circles.
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C. aptata (Hiroshima) 13091601

C. aptata (Nara) 15030114b
C. aptata (Nara) 15030114c

C. sp [hetero] (Nara) 15030120
C. texana (Nara) 15030113c

C. texana (Nara) 13032705a
C. aptata (Nara) 15030114d

C. aptata (Nara) 15030114e

C. texana (India) EF042906

— C. texana (Uruguay) AY251413

C. caroliniana DQ782833

C. crozalsiana (Spain) AY586571

l C. pruinata (Australia) EF042905
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Fig. 4 Phylogenetic tree of Canoparmelia aptata and C. texana. Regions of ITS (ITS1+5.8 s +ITS2) of
the specimens of C. aptata and C. texana collected in Japan were compared with the registered
data in NCBI of other Canoparmelia species.
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Fig. 5 Haplotype networks of the mycobiont (A) and photobiont (B) of Flavoparmelia caperata.
Haplotype networks was obtained by a Cytoscape program. Haplotypes of the mycobiont are
separated A (haplotypes of A and F) and B groups (haplotypes of B, C, D and E), on the other
hand, haplotypes of the photobiont are foreign (haplotype of D) and Japanese groups (other
haplotypes except D).
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Fig. 6 Distribution of haplotypes of the mycobiont of Flavoparmelia caperata in Japan. 2 and Vare A

and B groups, respectively.
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Table 2 Lichen mycobionts which will be deposited to NBRS.

Species Culno' | Origin®
Bryoria furcellata 1231M | Thallus
Bulbothrix isidiza 1201M | Thallus
Canomaculina subtinctoria 1203M | Thallus
Cladonia amaurocraea 1218C | Thallus
Cladonia granulans 1225M | P Spore
Coccotrema porinopsis 1211M | Thallus
Dibaeis baeomyces 1233M | Thallus
Haematomma puniceum 1229M | Thallus
Heterodermia hypochraea 1232M | Thallus
Hypogymnia nikkoensis 1210M | Thallus
Hypogymnia metaphysodes 1209M | Thallus
Hypotrachyna koyaensis 1221M | Thallus
Hypotrachyna osseoalba 1240C | Thallus
Hypotrachyna revoluta 1205C | Thallus
Imshuagia aleurites 1219M | Thallus
Karoowia saxeti 1207C Thallus
Lecanora pulverulenta 1228M | P Spore
Myelochroa galbina 1226M | P Spore
Ochrolechia yasudae 1227M | P Spore
Parmotrema praesorediosa 1204M | Thallus
Ramalina geniculata 1217C | Thallus
Rimelia hawaiiensis 1206C | Thallus
Tephromela americana 1222M | P Spore
Tephromela americana 1223M | P Spore
Trypethelium eluteriae 1224M | P Spore
Usnea pangiana 1208C Thallus
Xanthoparmelia orientalis 1216C | Thallus
Xanthoparmelia tuberculiformis 1220C | Thallus
Xanthoria mandschurica 1202M | Thallus

1 M, mycobiont; C, coexistence of mycobiont and photobiont

2 Thallus, from thalli; P Spore, from spores
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Isolation, cultivation and phylogenetic studies of microalgae,
particularly prasinophytes from coastal waters of the Nansei Islands, Japan
Shoichiro Suda

Department of Chemistry, Biology and Marine Science, Faculty of Science,
University of the Ryukyus, 1 Senbaru, Nishihara, Okinawa 903-0213, Japan

The coasts of the Nansei Islands are influenced by the Kuroshio warm current and have a unique and rich
biological diversity exemplified by coral reefs, mangrove forests and other ecosystems. Recently, however,
many ecosystems have been damaged by global warming and several anthropogenic activities. The
environment of these ecosystems are drastically undergoing degradation so inhabiting organisms and even
microalgae could possibly become extinct in the near future. Hence the establishment of microalgal culture
strains from such ecosystems are urgently necessary. Among the various kinds of microalgae, prasinophytes
were the primary target of this study. From 2002 to 2007, a total of 226 microalgal strains belonging to
approximately 36 genera were isolated and established mainly from coastal wet sand samples. Among them 161
strains were assigned to prasinophytes composed of 85 Nephroselmis strains, 56 Pyramimonas strains and 20
strains of other prasinophyceans including Micromonas, Ostreococcus, Pycnococcus and Tetraselmis. The 85
Nephroselmis strains contained 12 strains of four known species and the 56 Pyramimonas strains contained five
strains of three known species, but the other strains of both genera apparently contained many undescribed
species. Further detailed studies are needed to characterize these potentially novel strains. Additionally,
isolates of picoeukaryotic phytoplankton strains, potentially free-living zooxanthellae strains and the uncultivable
Lyngbya which is used as home and for food by pistol shrimp are also discussed.

Key words: microalgae, picoeukaryotic plankton, prasinophytes, Ryukyu Islands, zooxanthellae
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Fig. 1 Map of the Ryukyu Islands.
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The sampling areas are indicated by arrows in the Ryukyu Islands
and by small circles in the Okinawajima Island.
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2007). A 70t I AEF, MEIHEETHEHES
O, RE2AOWELAFL, HWWELZANIC, RHFE
EBRAICLTH#RT 5. EREIT T, MizoEMH
Z12DEL /A F&2ETH. RATBEBE 2D
BB OTERAENICHFET L. MIBOKRE S1E5
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Fig. 2 Light micrographs of distinct Nephrselmis strains from this study. a, Strain B2N5 identified as
N. anterostigmatica, b, Strain HaeNep identified as N. astigmatica, ¢, Strain Sen4 identified as
N. olivacea, d, Strain BS4-3 identified as Nephroselmis sp2, e, Strain Nh4 identified as N.
pyriformis, f, Strain TendNp identified as Nephroselmis sp3, g, Strain MIY2-1 identified as
Nephroselmis sp4, h, Strain B2N2 identified as Nephroselmis sp5, i, Strain Sera3-5 identified as
Nephroselmis sp6. All micrographs are the same magnification.
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Pseudoscourfieldia marina K0017 Ma
l Pycnococcus provasolii CCMP1199

Mamiella sp.

Fig. 3 Phylogenetic tree of Nephroselmis species based on 1446 bp of 18S rDNA using ML method.
Rate heterogeneity among variable sites approximated as a discrete gamma distribution (shape
=0.7905; GTR + G + I). The phylogeny is rooted with Mamiella sp. AB017129. Numbers at the
nodes indicate bootstrap values for ML (100 replicates, fast stepwise addition), MP and NJ
values (1000 replicates) in the order ML/MP/NJ. Only values > 50% are shown. Bold letters

indicate the strains from this study.
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N. spinosa THolz. AFEIIE L -2 b5 Y 7TH 5
EEINTWT TP REEEINTEE LR
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2Lt &, FRENODIN—TER—ERY,
BEMTED 7 — & & &b TH T ETEFR SRR & 1T
572l AR ENLRLLRMBL LTHBRTEL
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Fig. 4 Phylogenetic tree of Pyramimonas species based on 18S rDNA using NJ method. The
phylogeny is rooted with Nephroselmis olivacea X74754. Numbers at the nodes indicate
bootstrap values derived from 1000 replications. Only values > 50% are shown. The bold
letters for strain names are from this study. The six distinct clades correspond to
subgenera Punctatae, Pyramimonas, Trichocystis, Vestigifera and two new groups.



H OH #—H

AL L, NS0 ISR 272, JBFEBmE
B O A L 5 ETIAMEBIZ DA O EII B 22 5
0%, SERAEIE, TE5720% OEMLRNG
ZEMBERR L ETHEMECL 2B OBEIIMR,
Yl /A FRRSORR R & 0TS & %0
PET, INOOBENEHEBEOERZEEE 2
SEACHIBTLC, —EET OB T 2LENDH 5.
DI, BERBEIEHTIERWZD, FTEIR
Ry B8 (18S rDNA R 7bcL #EInT) OEMH L LE
b, ZOi, EWMLEGENE I N oHEERE
FTELRETL AN MAEWRAHEMEICEHFILT 52
EEINS.

B> EEERE AT TOMEICLRT, &
W BB L OME T LA LR VD, £
HFE A S O FEAEM AT HA ¥ F - TR
PR TH LRI EIRED» S ORBEEORE IZE
BN E RS, T TVPRICHIR L 22wk Ol
FIA70ERy ML) —#MlRTO5HEL TREL
oo BREMIZEIEE,OHHEETLIENTE, H
TES2ME 2 TE LR L T b, EEfA D3 A T HERE DY
Hon-%, LHRLEbONE L, e LTHILTE
BTWIEEDN S ol b REES RN 2
OEBHR OB L ) BRI CTE 5 RN D
N, SHOPELE R ST,

SEFTHREINTVELLDE T IEF RIL, #EK
HIZEHNE 7TV 7 My ThEGENE o 72DITH
L, &RWfFETIE, BEOBEZITHEELE L TWDE72D,
SFTHENVHE SN TV Punctatae TIBIZET
HEBRONLEENL RSN T& 72, LR
BIZIC L DV B ZHETHED L WikA 5 DNA
H L, 18S rDNA D3R HAEIH] % e L RN %17 o
72 L 2 5 Punctatae Mg (¥ 4 7 H)E Pyramimonas
olivacea) D& FN5JMEEL /8T A IREN S o HEREE
N7z Pyramimonas aurea & L CH RIS N7z
(Suda, 2004) FEFEDE F N5 AT N7z (Fig.
4)., P LRHEIEEIND, SFTOERD
SHEBFETEATSTHL I ERBENZ., 72,
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&31F31~3um, 1AXOWPEELZHZEHIL, ATV
YORIHEEKT S, HHREHOHERICHMALTD T
EDFERRENTBY, BREMNIIKHITE 2V, &=
ML ERETH A ENH SN TWS (Slapeta
et al., 2006). F\V7zHRIGIPHEEOIFE, EHE<Y
— o, KB HEEL L F—MEBIUELEEDOER
PE MR D SR SN SO I N. E
BREFFAMBEIC LD AT T 4 TERBEOBLE» L,
BADOHEE<) —FHFES 0.9~14um, HRDOIR
Wik 1.2~21um TH Y, HRICX VMo RE =
WCEWAR LN, FREFNICDNA W L, 18S
rDNAERG #HREL, T—FX—ADI T EFS
ADF— % LBE DNA O F— 7 % Hw RGBT %
1otz ZOREES TR & D 5HER 5 ¥R,
3ODRMEE G (Fig. 5). FFICEBE, EF
B —F EFRERIE, EIMAEEE» OSSN
72 MBIC 10095 #f & Zai 2 R L, W UPEERORPE
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Fig. 5 Phylogenetic tree of Micromonas pusilla based on 18S rDNA using MP and ML

methods. The phylogeny is rooted with Mamiella sp. AB017129. Numbers at the
nodes indicate bootsrap valus for MP (1000 replicates) and for ML values (100
replicates) in the order MP/ML. Only values > 50% are shown. Bold letters for
strain names are from this study. Six distict clades (A to F) are formed.

e v EMEE KL EEAESN. Lo,
B D O AR & REBRRIE Z N E KT - Hh i
DIRAIREOK L, LW E - B EEOK L REEH L
fEY, HZ BT A@EMIEZE O N2 o7z, wiTh
\2 LT Micromonas pusille —F E LTI 12T ES
BICKRELS B 27-0EEND L. 5T EEFN2E
W, BEEHNRECHETTE, HREAREC
RBH, SHROBEE T

B|EE VU IEBOBIEREE v A, Bt
FrTICHRAELT, RERTHZIANT -2 T
52T (BbNIT) WAHIEHE (Zooxanthella) 7%
RLELHFETAHESH. BREDIZEA S, B
EERFOY Y EF T4 =7 & (Symbiodinium) J& T
5., B OEERTIE, YrI0ALELT, VT ha—
TNV, AVFFxr, AL Xy, EEGHE, Yryak
1 R EOBmEHEWR, ALEZEICLIDI Y ES
TAZTANEELTWEIEHLNTWA, HEE

HICIXBT 5 2 ERHEETH 5%, 5 TFEEEICIE
WS ODRDORMBEICHTITAHIEDNTE, ZJL—FAL
NI LV—FD%REEN)EHRT, FHEFNLEE)N L
SNV E FICHHbNL TS (Lajeunesse, 2001). =
DY EF T4 = A, FEN 2 EED) & MO
REZDPHSumBETHS I LICL YV HEMET Tl
BBEDHETHIENTE L, BEOWY > T
Mo TT Y BERYHET A, Y EF T2
LB LN DO 5HEE S RA. WHBE ORI
EENEOWERTHREL 22 HEEL, FENLH
EEEIE T LY VST Sy ARERE A SRR E L
. —AFLl6MEE SEEL, 14¥kEEL. F—i
RO URMEEE Z B cE -2 & h 6, M
M2 BEEEEITZ )BPEEN TV LIRS D 5
720, PITEbEEREITR 72705, HUAHEITHER
ENhhol. TOUKRIIMZ, %5200 0%
HEL 7z 2 #RICo T, BEBZETCES IOV &
2R L, TTEEFNLZECDLDS1%E, VKR —
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Fig. 6 Light micrographs of Lyngbya sp. and pistol shrimp living in it. a, A pistol shrimp
(two round eyes are visible) lives in a tube made by Lyngbya filaments. b, A small
tube like Lyngbya house of pistol shrimp. ¢, A pistol shrimp took from Lyngbya
house. Right crow is larger than left. The scale bars indicate 1 cm.

2 RNA @ ITS 705 28S fHI O —# F ¢ (140035 %)
OWEERFINAREL, WBET LI ETHENIDL
(Hirose et al., 2008). 163 _XTiE7 L —FAIZEL,
BHRIZ 2 DO BRBE IS, o 2 %kb e
N2 2 HRHBECHTE Lz, oY v T34
HYVEFF4 oA F 7 L —FCAEMRIZR ST
HIEPHSNTEY (Magalon et al., 2007), 4,
WHhoDHMINTY Y EFTAZTLNRIL—FAD
APl L3RRI EL RS, T TR
oA RELZ M CEELE, RETH» LB
ALY AACTHENRBTAIEEL DD, BED
BEERETOBIENEEICL->TL S, 4HES
NIRERZT201E, BEPIZEI V- FAOHHRE
BENDDP, 72FE2 L —FADZVT Y TS
O RHETLIEIFHELVA, Y TREL TN
DHLBmE (1L —-FChE) boBEETES
B & BB R HoTWADT, BEOERBIZLD
EWTIEBRWVWEEZTWAS, Yy ITEbhoD
HAHBIE, HREMEOHELLERENEEINS.

U TETRE (Lyngbya) T IR LD E L
T, B - AT ORREBICREMBE SRS S5 &
o TERBEIL, YT7/N0F)VTO) 7Y
7B (Lyngbya) & ZFOFEENHIFTHN S (Paul et
al., 2005) . A/ AEHEUEDEHOBREDL H D
(Pennings et al., 1996), 4 OB X )RR
DHBEHBKRELEDBEENDDHHZ LS REIKE
L XD EFELZL B, BEOF vy Ry
BARIREZ A LT TERIROEZ(EY, TOHRTE
WTAHIEPMOENT NS ¥ 7 ET O D5 EERE
#aw kA7 (Fig. 6). MWHRE ORI A Fh 548K
KOEZTIZWE Ty Ry T ETEREL, RRHED

—ERIZ o EERE R ICAE L 2. ARBFEEKRTHW TS
IMK $5#h (HAELE) 0I1ZHIs, WERIRS Y EOS
HREEOMETHWBILTWAH ASW:BG (Allen, 1968)
%> Modified BG11 (Rossi et al., 1997) 7z &EDw < D
DOEEF R Vv, HEEE Yy PREE, BERFK
%, FAvEY T - Ky XU rE (ERFER ETE
WAEZFI &0 L CRMONHFEBRLBAED Z /5
HiE) REOFECLIEEGHERAAL. R ERE
BB AN E, ECHELEIOT VED
WEPELL, Heo) v 7V ETREROMEE#RIZT
ol T, BEMIRKELSEEL TREL
A THMHES LN TE Lol BET Y
Ry vid, RARBARKEANIZE—=HI—THHILIZ
WRE WS D2 e TELLRIT DI LATE 2N,
VYT e, HELTEXRLATY
%, 3,y HBRTHRLTCLES. Ty RIZEDOH
BhbIE, RADPDY Y IZET 2K TLAERET
Holzhd LNV, ZNTEARNEOEHNTH 5
WA O FEEEE, SIS TLE ). RERTI,
AIRAICD KEBICHIEL TV D 2 EPBIETEAIZH
Mbod, BBUUEI L2 LiZSBOBEL

oz,

LD

AR F2 R THEFF L T A G ARZ T X 57217
BLGHEENIERD T, ANKRRERE~OFTZ
TRIVENHL. KR CTEEEZ LR TLTT Y I E
FOA 70 VIABEESTIEFABOKRENS,
WHHIO 2D 2 BOSHEKRICIE, %< ORERM
PEHEINTHDL I EHHBEL, FBkFERRRO A
WS HMEOBmSER LR L o7, FFOMR
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13, Yaliyrs o b ryeBmETHRENTEY,
BRFEBHEROBRTH R4 ZHMEBREICOVWTSH
HEREBAROMEL LB TH A T LR Iz, —5,
SEERE IR L o/ T v R Y T UNEEESLT)
YZETHRT LN, £ OWMIBERE THRE - B
FEORHDPLETHLIEAUDTHEEHLY &%
D, WERSHEE - EEFEOMREERET S LENLE
FEL 7.

z 8

TRERTI BiRRIEIE, BRI TH 5 BMOBE L 217,
By IR VO — T S v R T AEY S
BEOBVWHINTH A, LA LEadNs, SEOMIKE
Bk 29y TOR{LBE L 2D, ANHEBO#HE
ZTBY, TORBEZAHICEDbDhODOH5. #
D7D, BHEEDLED, I OHIBOEYINE TR
HIBT A EbEZ LN, WHMBEHEO SR 20T
VTAIEDVRBTH D, RWFETIE, 75/ HEHE
ZHLLICHIZE Z D 72, 20024E % 5 20074E 122 T,
ARHIRO ERFBOWEROW 5, 2268k, #36/E
IZh7 MM EREFREY TE . 209 5 161X
TSy BT, A7V ABEI8GKE, ¥FIE
F ABEA56Kk, 12208k, 3 2uxSRE, £Ab
VvidavhrE, ¥y /)avyhAE, FhSELIR
BTHot. 2703 ABEISHF128L 4 BEAFE
W2, ¥9 IESABES6HRE 5 MR 3 BEATEICHETE
7oA, WEE % K OREBIENE TN B TR
W EHHB L. S8iE, X0 Bl 5 IEERTGE
PUETHD. MAT, ¥©aEEEHES KL BHE
HE BN EHHERO SRR ICOVTRS, 7 v
RYZEDPEELTHELTCWEY ¥ 77 RBOGHE
LB =BT B,
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Molecular analysis of cutaneous microbiota and its application to the development
of a new therapeutic method for microbiota-related skin diseases
-Example of Malassezia and atopic dermatitis -

Takashi Sugita

Department of Microbiology, Meiji Pharmaceutical University,
2-522-1 Noshio, Kiyose, Tokyo 204-8588 Japan

Many microorganisms colonize human skin, where one of them cause several skin diseases, such as atopic
dermatitis (AD), and seborrheic dermatitis (SD). In Japan alone, 10 million people have AD. However, no
systematic study has examined the relationship between the cutaneous microbiota and skin disease. Therefore,
this study conducted a comprehensive analysis of the cutaneous microbiota in several skin diseases and a
clinical trial of AD treatment targeting Malassezia as an exacerbating factor. The cutaneous Malassezia
microbiota of patients with AD, pityriasis versicolor (PV), and SD were analyzed using a culture-independent
method. The major components in each skin disease were similar, although the ratios differed significantly; the
predominant species in patients with SD and PV were M. restricta and M. globosa, respectively, while equal
numbers of both species were colonized in patients with AD. The AD patients produced anti-Malassezia-specific
IgE antibody, suggesting that cutaneous Malassezia is an exacerbating factor. Therefore, we next tried to
reduce the cutaneous microorganisms using antifungal agents. Either topical ketoconazole (KTZ) or oral
itraconazole (ITZ) was administered to adult AD patients who did not respond to standard AD therapy. Their
symptoms improved on decreasing the amount of Malassezia.

In conclusion, we identified microorganisms that exacerbate the skin diseases AD, SD, and PV, and showed that
our findings can be applied clinically.

Key words: atopic dermatitis, cutaneous microbiota, pityriasis versicolor, seborrhoeic dermatitis.
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hIbNDOEEIZEHA RMEDPEEL TV,
COFBEARIE, EEORE, NE»rSoBEEO
BAMIE, &5 WIZERABORINE o obhlbho
MR IC L ERT R B2 H 3 5. L LRDS,
oA DRETEBEEREDNNT ¥ AP WS 5
b, BARBEBICERTAZEND S (Roth & James,
1989). 7 7 AWIXIERE 2 B OMEFHC L E R ME T

o
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HHH, BEHNTEREISREEE T2 L RKEZF] &
23 (Thiboutor, 2008). MBHERERE 2P EIL, B
B TdH 5 Malassezia H3 53 L7z g OfCHEW T4
JERNEFRZN S (Ashbee, 2007). 7 b —MERz R 458
HCIHEENICEE LS I PN 7EESMETLTY
5728, REHAERICH U CHE IgE fikrErE s n
% (Baker, 2006).

BLEHEEICERE L TWwbHEB I Malassezia TH
B, KRIIFREEETHH & b D 0ISHEILESY
DEBICETEL TS, WIICEEESERTLZ &
5, L PTREROEZLALZHFEBLIZZ D
Malassezia % BIE8E3T A Z &N TE 5. FHENIZIX
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Malassezia B\ Z1I3HEAFEET 54, FOHH9H
g PHRTHY, 4RHMIEPWHEETHL. AR
WL, S SRIBEEEEPBEORKNEEZ S
NTHBY, LETET P E—PEEEEE OBRIRE
ENTw5 (Ashbee, 2007). FEAFENICBITAT7 bE—
HWEEROBIFRERIZT7~10% (B FEL 1,000 5 AL 23
BELTWLZ NS, HRBHFRHEEZEL TV,
AfE i, 7NE—BREFREEWNRERL LT,
ZFORBEEROBECHL ML, Thzefli#l{s
ZETHRBERRT A L eElAT.

e yapen

FREERIILDT7T I -—KEEBRABEEEROD
Malassezia 3 DR 7 P —HEE % (atopic
dermatitis, AD) BEDORZEER% OpSite™ % VTR |k
Yy Err L, 4% L7-ER DNA # EEHMH L7,
v NHSED 9 BIRE (M. dermatis, M. furfur, M. globosa,
M. japonica, M. obtuse, M. restricta, M. slooffiae, M.
sympodialis, M. yamatoensis) O D72 D PCR
primer % rRNA # 1T H @ ITS (internal transcribed
spacer) & 5\ i& IGS (intergenic spacer) #I# FIZEE
2L, nested PCR T&* DOH M DNA ZMHB LAz, £
TR BRI oW Tk, IGS #H3 ki TagMan probe
% i35 L realtime PCRICL VDV ER % 1To 7. M
globosa B X O° M. restricta \22\WTid, EHIHET
SRR %479 72043 PCR EEY (IGS1 #138) % TA
ra—=vy L, BlEsa— %Y v AT L.
M. caprae, M. equina, M. nana B £ O° M.
pachydermatis \ZEVYHREETH 5728, KON
WagroBALAE, T, BREREEEL
(seborrhoeic dermatitis, SD), #§J& (pityriasis
versicolor, PV) B X UM% A (healthy subject, HS) K&
BHE LTHW, &8, ARBRIIYUEERTD
R FE KO - ABE, K408 BE,»SHHE
FBICL2BMNORELRE L.

Malassezia 452 IgE iEDBIE  AlaSTAT™ % %
LTH 4 OREESEN GE FiEkzME L. Thbb,
<A ruy A4y —7TL— MCHE (M. dermatis, M.
Surfur, M. globosa, M. obtuse, M. restricta, M. slooffiae, M.
sympodialis, M. pachydermatis) %BEH{LL, FhiZE
BMFEEMA . At F 2 ¥ — CEGRG IgE fitfk &
Ris#, TMB TR s, TOtELZMELZ.

EF| SR B L U Time Kill &2 & 2 514 v
M3k D Malassezia 9 W, 124 RIZD W T

62

itraconazole (ITZ) B & U ketoconazole (KTZ) (2%
T 5P FEBHILEE (MIC) % modified Leeming
and Notman (mLNA) ¥% HWCHlE L7z, MIC i
32C, 7 HERBEBOMBOFEIILIVHELZ. E5
W2, vy =a—1 YHESH tacrolimus (TCL) B &
Uf pimecrolimus (PCL) 122\ T3 RIS % 3
Nz ESHIZITZIE2WT, 10/ml D M. globosa 3 X
U M. restricta fIIZ 1/4%, 1Xx, 2Xx, 4x, 8§xMIC
BEOITZ %#MAT, WML CFUZMET A &
W2& Y, invitro TOEBTIFERET R IR 7.

ITZ $ & KTZ#E5ICL 5 AD ORESDR BHSEE
IR R AT AN AD 2 ITZ # 7 )V % 100 mg/day
4BH, HENIKIZZ ) —2% 4 8% LER
B9 22 RN R & RS Malassezia &= 3 X UVHL Malassezia
HRE 1gE FiiME L e L 72,

S

Malassezia FBEEBEREDE®ZMHN  AD, SD, PV
B LU HS offrxrgeliis, #hEFh3l, 36, 368
FUB30TH o7, WINOEBEB I OREARICS
W, M globosa B & U M. restricta iZ&H bRl
ANz, DS O 7 HEOBKIEIZH 10~60% TH
o, TOZEHS, Malassezia \TEBII b 5T
M. globosa 35 X U° M. restricta P EEREHETHZ Z
EWRENS (Fig. 1). L»L %25, realtime PCR
WKL AERDL, TNOLOREORBILIIHEBRRENT
Holz (Fig. 2). T4&bb, SD T M. resticrta, PV
TE M. globosa 7¥MERLT® % 7% AD Tl I B i A% ] &5
Thotz. F72, 1EMADLHOFHHEEIL, SD
7A13.11+1.73, PV 7¥2.80+1.27, AD %%4.08+1.88, HS %%
2.82+0.83 TH o722 &b, AD BENHROEMILL
TWwiz (Fig. 3).

M. globosa £ U M. restricta D BIZ T Z R BEN
IGS #HIBIEE L WAL EZ R T 2 & b EER R
fRNT ST R & %2 . AD, SD B¥E B L UHS Hskod M.
globosa 3 & U° M. restricta @ 1GS1 $H3%® DNA ¥ A&
F 7 & 5 F R B VER L7z, M. globoa 1GS1 #3181
8ODyIAY—IZRKHENZ. TDHL, FFARY
— [O~VIiZAD BXU'SD BEHE, 7925 —18
TOVILIZBEEBLIUHSHE, 75 A% — VILIZHS
PR ST We (Fig. 4). —7, M. restricta IGS1
HEIHIZ 2 o0 I A —ICRMNENTz, 75 A5 —1
FEREBIUHSHE, NIZBRENTH- (Fig. 5).
O LS, ERERNLEKROFES TR S NI
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Fig. 1 Detection of Malassezia DNA in patients with AD, PV, and SD, and HSs.
AD, atopic dermatitis; PV, pityriasis versicolor; SD, deborrhoeic dermatitis.
HS, healthy subject. AD, n=36; PV, n=49; SD, n=31; HS, n=30.

100 p=0.18

Distribution (%)

p=8.95X107 p=0.002

Fig. 2 The number of rDNA copies of Malassezia organisms in AD, PV, and SD patients

by real-time PCR.

M. g; M. globosa; M. r, M. restricta; AD, atopic dermatitis; PV, pityriasis versicolor;

SD, deborrhoeic dermatitis.

Error bars show standard deviation. AD, n=36; PV, n=49; SD, n=31; HS, n=30.

L2 Lo EKRERE 7 7 X5 —HICHHBIIEEED S
Nehoiz.

AD B&E (I 5\ B ¥ Malassezia $5 2 IgE #1E S
H kD Malassezia B HTEIZXT$ 5 2R IgE HUAHIE %
ERESEL72. M. restricta \2X1 3 5 ¥R IgE YA EA R
&< (Fig.6), %72 competitive ELISA inhibition test

POARFIMORMEE DILBHRE & HESFENEZ A
L Tw 7z (data not shown). PUERELD A 5id M.
restricta 73 H AD OMEEIZE S L T A gEMEAIR
a7z,

FEETHERER & time-kill (2 & 2 5 AD B#
Iz TYEMAEY & 72 % Malassezia Z R T 5720

D
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Fig. 3 The number of Malassezia specis
detected by nested PCR.
AD, atopic dermatitis; HS, healthy
subject; PV, pityriasis versicolor; SD,
deborrhoeic dermatitis. Error bars show
standard deviation. AD, n=36; PV, n=49;
SD, n=31; HS, n=30.
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2, BRI MERELZERLZ. KTZBLOITZ D
MIC IZHMEIC L ) ZOMEICEREN R o270, &R
fEDMEE LT Table 1IZ/R L7z, #90% DR MRIL KTZ
BIVITZDWITICHLTDH, 0.03ug/ml DKEE
THEREPHIEEI Nz, ITZIZ2WTIZ & 512 time kill
WX DEME L7z, ITZ1Z 2XMIC DLEDBE CHE
B2, F 72 4xMIC D L CHIERE LU ISR B &
A&7 (Fig. 7). AD OIEENBERETH LAV Y
2= VHERIIOTHLHE THERDRZRET L
7. TCLB X PCLIZ 16~64ug/ml L EfEx R~ L7
%, ¥L Malassezia {Efl % & L T\w7z (Table 2).

INRBAD EAAD  FEEAAD BEOREICKIT
FTHEIIOWTHEICKRE L. B2 15T (R
B, 2360) 16wl L (RABE, 2061) 2407,
Malassezia DWW & B L UNF5E 1gE JufRfE 2 2 L 7-.
BADFAV/NBIZHRTERICHEN S (Fig. 8),
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Fig. 4 Phylogenetic tree of M. globosa, based on DNA sequences of the IGS1 region.
AD, atopic dermatitis; SD, deborrhoeic dermatitis; HS, healthy subject.
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Fig. 5 Phylogenetic tree of M. restricta, based on DNA sequences of the IGS1 region.
AD, atopic dermatitis; SD, deborrhoeic dermatitis; HS, healthy subject.
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Fig. 6 The species-specific IgE values of eight Malassezia species in sera from AD patients

determined using an ELISA method.
M. glo, M. globosa; M. res, M. restricta; M. slo, M. slooffiae; M. sym, M. sympodialis; M.
der, M. dermatis; M. f, M. furfur; M. ob, M. obtusa; M. pachy, M. pachydrmatis.
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Table 1 Antifungal susceptibilities of Malassezia strains to ketoconazole and itraconazole.

Cumulative % inhibited at the following MIC (1/mL)

Agent

<0.03 0.03 0.06 0.125 0.25
Ketoconazole  76.6 (95) 88.7 (15) 95.2 (8) 100 (6) 0
Itraconazole 75.8 (94) 90.3 (18) 95.1 (6) 98.3 (4) 100 (2)

The number of strains examined is shown in parenthese.

Table 2 Antifungal susceptibilities of Malassezia strains to tacrolimus and pimecrolimus

Cumulative % inhibited at the following MIC (u/mL)

HAEEH 16 32 iz
Tacrolimus 17.6 (22) 32.8 (41) 49.6 (62)
Pimecrolimus 41.6 (52) 48.0 (60) 10.4 (13)

The number of strains examined is shown in parenthese.
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Fig. 7 Time-kill curves for ITZ against M. 105 .
globosa. Children group Adult group
O, control; [J, 1/4 xMIC; &, 1xMIC: Fig. 8 Amounts of all Malassezia in lesional skin
x, 2xMIC; +, 4xMIC; A, 8xMIC; @, of adults and children with atopic
16 x MIC, H, 32 x MIC. dermatitis.
CFU, colony forming unit. The plasmid copy number cm 2 is shown.
P=0.031
100 P=0.095
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Fig. 9 Distributions of the two major species, M. restricta and M. globosa.
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Fig. 10 Levels of specific IgE antibodies against Malassezia species in children and adults.
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Fig. 11 Change of amount of Malassezia DNA in
lesional skin of patients with atopic dermatitis
after treatment of oral itraconazole.

F2MEICHE - T, EEMEEBEORNILEL L
7= (Fig. 9). IgE BB O EH Sy Malassezia
WEEESNAZ E bR ENT: (Fig. 10).

AD ICMT 27V - RMERREICLIBEROHDE
BHEESICHELR AT HAMAAD BFHICKTZ 2 ) — 4
(1261) BIUITZ 7 7EN (106)) %45 LiGED
ReHELEIH, MEHFL LITHT0% OBHIC
WEFEO LN, KTZ B L O ITZ #5418
Malassezia DBHWEIZHN 0% TH Y (Fig. 11), Zh
IR WL Malassezia iR IgE BUMEDR T L8 5N
7z.

KEFE T, HEREDORKD 5 WIZHERT & 2
LREEAMEYOWE LML, FoOREEHEEC
SHT A2 RA. REHEEERRO R T
Malassezia (3w HBEMNTH Y, HELRIE BB L% 100
CFU/cm®AAEFH LT\ b, 42, AD, SD BL U PV
DG ATRIE I N T &7 (Ashbee, 2007). TNFTDH
INODOEBICES T 5 Malassezia W 502¢ 5 H
BT, B2 (culture-dependent method) 12 & A i
TR DT AT & 72 (Nakabayashi et al., 2000; Gupta et
al., 2001; Prohi¢, 2003; Salah ef al., 2005). L& L 748
5, TOMPRHRITMEICLIYKRELBELZSTVAS,
ZNUE, Malassezia ZNIGEERETH Y, SHEEICHEL
TR EIN T REnWI EICREEST 2 EEZ 5N
b, £IT, FEHELITHEEEZ NS %V nested PCR IS
& BIER M (culture-independent method) % [
LT &7 (Sugita ef al., 2001a). U2 X b BEKE
POEREI Malassezia %% RT3 52 & &BWHEE L
7o. SEBRIT, KRR TIE M. globosa % M. restricta 1313
EALTHETER ., ADBEEFSAAFLTHY,
SD BERFIEAA ) —-THbI &ns, EEILIC
WHEIIERZEFHLTWN, HSEEZEOTWT
NOBEBHTLHEBRIIIEFR—Tho/. LA LEA
b, FEMEETETH D M. globosa B LU M. restricta
DEIIIKREL I LR, 2O &S, SD Tl
M. restricta, PV Tl M. globosa, AD TIXTEMEATF
DREFEICEELBHEZHE L TLEEZ SN, FE,
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PVEEOHB*EBRET 5 LRREIBEEINS.
IR, M. globosa \ZHFRETERT 55 M. restricta &
R LT &i2—3 95 (datanot shown).

FHE O N T TS, Malasseiza, Cryptococcus
Trichosporon %& M\ 7255820 & BEH @ rRNA #{5FH
@ IGST $EIMIZ 1L L W NS RS FEIE L, BN
WAt 5 2 E FHLMPIC L TE A (Sugita ef al.
2001b, 2002, 2005). AHEIZ L > T AD BLUYSD
BEIHRNRBETREIFET S EPHL2IE
o7z, T IR ERVHPBRERERO T V— IV EE
atg s MIC i, 8 AREEKID LRRE,o 7.
L Lads, BEETR (W, EEES) CE8ETF
BN HEIZRAR S o7z, HEZATATD
575, BELEEANORIBHEIC X DTS 0 0®EIRD
HEURR, BETIICERPECZEEZTWS.

SD ® PV ® Malassezia # 3B o il s hTw e d
o728, MERERLHERF O A FETEOERITUL
EBY L, —F, ADIZOWTIEMNBEAT TS FERH
Wy Za—) YHEETHD Y 70 L RAHEENR
BRELUTHOWLNTWA, L2LEDES, Zhbid
MAEETH Y, WAWERELEI RS2, ADO
FERIZE—-TRE R AR A L ASORBER T
BEMIKAES . NRTORBEIZ, 1020% 2%
THDMERE EDIXEORLWALTL 5D, #%D
BEBBRACZ> THHE LBV, —BKIZEAL AD
FEEAILOBEIIICH 5. REFEICE > TH/MEAD B
=TI Malassezia PURDTEA SNV Z LA L
2. FIT, RICHEABAD BEEZWNHE LTHEE
Malassezia DEHERE T RA . In vitro TR ITZ B &
U KTZ 134 Malassezia WAEIZH L CEN - BZEE
RL7Ze, RO LTITZ, JAHEE LTKIZ 285
L7245, BEMEREHE ISR O BE DR 70% |ZHE
MWD LN, EROUGEICE b VK Malassezia
BL90% A L7z, YL Malassezia %55 IgE YUk
WP LY REPAETHo72T b,
Malassezia 2 ADOBERFTHAHZ LEHLNTH
5. — KT, KED Malassezia % BIRMIZERR L7
&, MoOEEMBEEICEELRITT. MRWEHER
HOREFEY 8% & Malasseiza OREVSEHE 5
BWHEORBISHORETH 5. PIEREIIILLE
TRV, WAATESL FERALV Y =2 —Y
VHEEIFHATLII LR L. RIFETE, ALY
Za—1) YHEEICH Malassezia 1% BT HZ & b
HoMZ L, MICIET V= VEIIC~NIEEE LR
L72ds, ANy =a—1 YHEEEO MIC LR EE
FBEZTCOWE, 2Ok, #viza—y rHEE
W EVER T A REINEIER I 2 TH Malassezia %)

H

63

BHREDOWEICES L TV BRI RIE S 7z,
MEBRTH BT —FITIEIRER VDS, BHEIC
100 WAL, L OMBEAFET A EDHLNIT R
2. INOOREEARDPSHEIERLRHP SN 7T
BER MR L T A, ARIFFEI, BEMAEDEHIET S
ZET, FROWRITHETHALZILET MY
BRERICR L., SRIZEEEERONT ¥ 2% ]
352 LIk D EREREEOMR, OV TIIRFED
FHNEHEEEZ B L2V EEZ TV 5.

I

KWFFE T, MEHAER TdH 5 Malassezia DEG-H
RIBEENTWS AD, SD B XU PV ORI % IR I
CEDVERBECEIT L, WTFhoRERICBWTLH
EIZEIEER—Thod, TEEBREETH S M.
globosa & M. restricta DRILVEBRFENTH - 72,
In vitro SEHIESZEREROME R S, Malassezia DRRH
WCESIZHEREL LTITZ & KTZ N EIR3 /-,
BATIGHSEA AD BE 2N R L LTITZBEXUKIZ &
FW72 B8 Malassezia DBRWHRELZ KA E T HH
70% DBEC, B8 Malassezia 21 & UL Malassezia
¥R IgEHEomL L LB ITEROLESTBD LN
7o Pk, ABIRETIEEEEEREOHMEICL D ERED
RIRAT R CH A L&, HEMRTEBREBRIZLY
Sz L7,
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Molecular breeding of PHA-producing bacteria for efficient production
of superior copolyesters
Toshiaki Fukui

Department of Bioengineering, Graduate School of Bioscience and Biotechnology,
Tokyo Institute of Technology, B-37 4259 Nagatsuta, Midori-ku, Yokohama 226-8501, Japan

As bacterial polyhydroxyalkanoates (PHAs) are biodegradable thermoplastics, they have drawn increased
attention as possible alternatives for petroleum-based polymers. This study focused on microbial production of
random copolyesters of 3-hydroxyalkanoates having superior physical properteis from biomass. We replaced
chromosomal PHA synthase gene of Cupriavidus necator H16 with phaC,,, encoding PHA synthase with a broad
substrate specificity, by homologous recombination. The resulting strain H16C,_actually grew on soybean oil
and accumulated poly (3-hydroxybutyrate-co-3-hydroxyhexanoate) copolyester better than previous recombinant
strains, although 3HHx fraction within the polymer chain decreased. Next, to synthesize poly(3-
hydroxybutyrate-co-3-hydroxypropionate) [P(3HB-co-3HP)] from single biomass, we modified the metabolic
pathway in P(3HB)-producing cells for generation of 3HP-CoA from acetyl-CoA by applying malonyl-CoA
reductase and 3HP-CoA synthetase, originally functioning in novel CO, fixation pathway in Chloroflexus
aurantiacus. C. necator wild strains H16 and JMP134 harboring these exogenous genes successfully synthesize
P(BHB-co-3HP) copolyester from fructose with 1-2 mol% of 3HP fraction. These results demonstrate the
potential of engineered metabolic pathways for production of copolyesters having favorable characteristics from

inexpensive carbon resources.

Key words: Biodegradable plastic, Biomass plastic, Polyhydroxyalkanoate, Microbial production
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BB THDH. COLH)RBEIL, AMITKEET,
WOBRRRTHREIND 575 AF v 7 HEOEZEA
Z2INTVD (RM&DMNE, 2007; E5HETS XA F v
7 Wh%E4x, 2006).
BEWORIZIEZANT—FERWELE LTRI e R
T TV vEE (PHA) 28 LERT 5 00
ZlMbBNTWE, ZOFR) T AF VIGBEROME
WX o TESBIIHR - BILSNAEGBE TS X F
v THAH) RN, REFEE L TEREDMZ &0
HN—=ARYZa—bINENAL T AEFEEHHTE
5. $7%bH PHAZ Fig. 1 1R & 9 ICHER D RFEH
AT NVICHARENDE TS AF v 2 THY, AMER
TI3AF v 7 ORF‘BE LTHFEINTWELIEND 1D
TH5 (@, 2002).

AU ((R)-3-t Fu* 7% vB) [PGHB)] i (R)-
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o3 FaFy 7% vBEE ) v — T 5 EE
R)<—Td» Y, KEME Cupriavidus necator (IH%
Wauterisia eutropha, Ralstonia eutropha, Alcaligenes
eutrophus % &) ZIILOETEL L OMEPEEKT
HRFEN PHA TH 5 (Fig. 2). P(BHB) 1ZERIBIE

HHRE R BT R ST MR CTH 525, BIRMODH
5% NS R RT I ERELS, MELLTO
ERALSEETH 5. 19804FRIC, WAEWIIEZ 5K
FBRETLERTAIEIE - THEREDE/ v—2=2y
WU LCES LI LESREMEY AR TE S
ENRWEEN. HEAETIIEA - #RILEIK
TLCERKENALTAI LR, LEAMEMICIEY
HHIEATETH AL ENLHLEED TE T
(Madison & Huisman, 1999; Philip et al., 2007), Z®%E
AL D 720123 OB L 72 S B AR % 24l 2 JFURE
LT R N CTEET SHEMOMELIVLETH 5.

PHA A FEMAEW BV TIE, FRORFIRZ RN
WKHDAL NS Y AR—=F—, ZFLTHYAAZRE
FEL FaF T 7 Y IL-CoANEEHRYT 5E ) v — G
ZAOMRELTEBY, FLTEFORFEFXF T T ¥ V-CoA
PEHEOE/ v—tBhoTPHAY V¥ —¥ (EEH
) OERHICL VB THEANLEASINE. Thbb,
ED L) EBEEEPEEREINL NI, oM
BT AHE/ MG EEEBEOEERREMEICX
STHEENS., HICEZIE, BETEEIZL-THE
e/ v —HEREEBEARRZRRES LI, N
AFRADHRDPOLAOLBEEEEEEGRT LI LD
WEIC B EEZONL. £ 2 TR TIE PHA &
EEOBZTRIFICE>T, "M AT ADR T H—K
BELTREBSR) AT VERMIEERT 5%
ODEEEBENE L7
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KBTI

BB LU TIRI R PHA EpEHMANE e %
E 5 57:0DfEFEE LT C. necator 5% TH 5
H16 (DSM428), JMP134 #& (DSM4058), H16#&IZH
k3 % PHA & HRE/R$BHE PHB4 # (DSM541) % H
Wi, BHEOBREZTFHREICEIE TS 23 F pUCLIS
B L U Escherichia coli DHS a ¥k % i\ 7. C. necator
ODRBEHRBICEIRERLBEERNRNZ Y —-TdH 5
pBBRI-MCS?2 %, #H R 2 1213 AR [ R
ZHA 75 23 F pKl8mobSacB #FJH L, #H#&{EEIC
BT S5 DNAMSGAHADOEEL LTE. coli S17-1 ¥k
(Simon et al., 1983) % Fiwv 7z,

BE E. coli 1% LB s % FIWT 37C THEL,
C. necator BRIFFFEREM (NREH © 10g/I A F X,
10g/1R)XRT >, 2g/1FRZFR) 2HWT30C
TEEL72. C necator RO —EE5312 X 5 PHA £
TERHIBREAEE R (MB ¥4 : 9g/1 Na,HPO, -

12H,0, 1.5g/1 KH,PO,, 0.5g/1 NH,Cl, 0.2¢/1 MgSO, -

7H,0, 1ml/l E&EER (Kato ef al., 1996)) Z&F
REB RN 72R g, 30C TR iR & 9 e
HZEIZEN T 7., TEEFRIC X A PHA A NR
BT 30C, 24RefdRE 9 B2 L - BIE 058 ¢ m
IRL 7%k %, @7 (NHCD) %24 F 2w MBE#
2B L C30C CT48IFMIRE D T 56 2 &Ik VAT o
oo REBEE TNV b—RARF 75 VBETHHEAEIC
X, MIERD 7 4V —BW L7-ERERHEZ 4 — b
ZLV—TWE LR WIRmm L7z, RERY KRSl s
TAHGETIE, TOEEMEELZRML 7. LEIZS
LCrr¥y)y (50mg/l) Fhxhr~14v > (E
coli BT 50mg/1, C. necator % Ti% 200mg/1) %N
z7z.

PHA O PHA # &R L - AWl id =05
HEC X BER, B A VKIS K BRSO BRI HE
L, HERHAEE>HEH L7, BEA PHA OMKB
LOERI, EREAR10~40me & BHREBEN TN
A )=V E T 72 1%, AR L3-e Fafxd 7
WHUVEEAFVIATIVENAZAT NS 7 4 —IC
IOVFAEBLIVOZERE L. WEEEE LTy ¥ VR
AF VRNV (Kato et al., 1996). F 7- Lz 1R K
ZrunsRvarh, SR C4SEEREETAZ EIZLDY
BN PHA ZHiE L, A%/ —VERICIDERL
7. 5% PHA I '"H-NMR IZ X 2 & Mr 2475 72
(Doi et al., 1995).

BIZTFIEE  E coli ZEFL LHRZ 7S 23R
OEBRIZBEBEDOFFEIZLNITo 72 (Sambrook &
Russell, 2001). JAfgEHWAR T ¥ —DOBEAImEICL S C
necator DB, fmEE 7T A I FCREERL
72 E. coli S17-1 # & Bt 54K, C. necator  ZHK& LT
ZMEELVE—AT A NY - ETEASELIEILE
5> TH o7z, T4 NME—%RELLEHEKREGHEDS
200mg/1 71 = A ¥ > % &L Simon's citrate agar &1k
¥4l (Difco) T C. necator TWEERIEKRZ ®IK L 72, C.
necator OFHFI MR 2 13 pK18mobSacB H kD 2.
N7 & =% FFET B E. coli S17-1 ¥k % W 7 A 1{5E
DRBRIZHF <A T VIHEERIRIBICNZ ¥ =23 m K12
HASNIHREEIKL, RTI% A7 0—R%&&Tr
KEWWCTHET LI LI s TsacB B2ty ¥ —
HSRBEIRASLEE L 7ok 2 BB L 72, COBEKR2 S H
B DFAI 2 H3A: U724k % PCREMTIZ X - TR L 72,

BRIEMBITE  C necator ¥1Z05% 7V b—A %
O MBEEHIT30TC, 36MFMIRE HEEEL, £REIC
EE MR L7z, FOB, 1500 g OO TR
Mg % % B2 L 72 Wi 4% PHA Bk E 4> & LT PHA ¥
vy —ViHR gt Lz, PHA BRI 55 X 512
12,000 g O & fm L CHEE Y Yoy Bl THEL,
B-r N FFT—EEEBI O T N7 F V-CoA L
yoy—EEEEE L. PHA Y v 7 — Bl
(R)-3HB-CoA # #EH & L, BEARIDIIHE ) #EEE CoA-
SH DA #E 2 DINBEICX ) E&= L7z (Valentin
& Steinbuchel, 1994). B-7 b FF I —EEEIE T £ F
7 & F -CoA DBIZFISIZHED 7 £ b 7 & F )L-CoA-
Mg $8 R DR HEE % 304 nm (2B BBk
LYk (Slater et al., 1998). 7t » 7+t F IL-CoA
L7y —BiEHIET & b 72T v-CoA DRITITHED
NADH % 721 NADPH O % 340 nm (281 58
2 L& LTl L7: (Haywood et al., 1988).

I S

HEMHERERMAE LARY (R)-3-BEREFXFY T4 B
co-(R)-3-BE FAF I AxH B8) HESF [P(3HB-co-
3HHx)] DMEMNERK

HHESIFTINTTIT, REEICEN P(BHB-co-
3HHx) % &9 5 Aeromonas caviae £ V), HFEE 4 »
H6MD3L FuF 7 YIV-CoArIHHELTE% PHA
VY —EDERLT phaC, R, NENGEE[-BEILR % #FH
LT/ ~v—2ad 2 HHEE R-FENZ A )1
CoAt VN7 ¥ —E¥DEMLETF phal,, 27 0—= 7 L7
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Fig. 3 (A) Schematic diagram of genotypes of C. necator strains used in this study. Small
arrows indicate primers for PCR as below. (B) PCR analysis of recombinant strains of C.
necator H16C,_ (lanes 1-5), HI6AC (6-10), and wild strain H16 (11-15) using primer sets
of ReP-f2/RePhbB-C (lanes 1, 6, 11), ReP-N/RePhbB-C (2, 7, 12), ReP-f2/RePhbA-Rv (3,
8, 13), AcPhaC-f4/RePhbB-C (4, 9, 14), and RePhbC-f5/RePhbB-C (5, 10, 15). Lane M;
molecular mass standard (1 DNA digested with EcoRI and HindIII).

Table 1 Enzyme activities in C. necator strains®

Strai PHA synthase B-Ketothiolase 3-Ketoacyl-CoA reductase (U/; 9)”
o (Ulg)’
NADH NADPH
H16 715 664 649
PHB4 1(2272) 726 40
H16C . 177 707 662
H16AC 2 (546) 746 705

“Cells were cultivated for 36 h at 30°C in an MB medium containing 0.5% (w/v) fructose as a sole carbon

source.

’Polymerization activity for (R)-3HB-CoA. The activities in PHB4 and H16AC harboring pJRDEE32d13

were shown in parentheses.

‘Cleavage activity for acetoacetyl-CoA to acetyl-CoA.

“NAD(P)H-dependent reduction activity for acetoacetyl-CoA.

(Fukui & Doi, 1997; Fukui et al., 1998; 2001). X 52 C
necator ® PHA & BER I8k PHB4 #k1Z phaC,, Bi5T
% & A L7z PHB4/pJRDEE32d13 ¥72%, 78— AR %
1) — 72 & P(3HB-co-3HHx) # 31 & { & (Frl%
BHHREEHZVH80%) 52 LEZRL7 (Fukui &
Doi, 1998). L2*L, PHB4 #%%=EE & LM 2k
&, BAERRE ERT 5 L HEAERER PHA BEESKT
LTwiz, ZOHHO—DIIERFED-DIHEL
BEFMB QBN E Z SN0, BRFLEIC X
LR AREOBETERRERNICBREITLI LT,
% X { P(3HB-co-3HHx) Z £ T 2 HO{/E#E % H
feL7-.

C. necator H16%k (¥7E#kK) O FERTIE, P(3HB)
DE/)<w—,7%% 3HB-CoA 235 8-7 N F 4 5
—Y#EE=ET (phad) B LU NADPH- 7t M7 F -

CoA V¥ 7 % —YBIZF (phaB) &, EGHETH 5
PHA > v % —¥EIEZT (phaC) 7% phaC-A-B DJETH
BELARa Yy &2#ELTWw5. PHB4 fkix PHA ¥
Y —¥DOREIZLY PHA GBS RKELTWS Z
EDIPoTWVED, ZODpha AT VHFIZED LD
BEBRPELTVLINEHL2IZENR TV RN, 22
T, PHB4 D pha * 0 »4IIC D W TR RS %
BB L7282 A, phaCy, D 320H00D G AT A ICEE S h
HZETTrpaa— gAY PEIEaNERS
F UV ABROZNPRNEE N (Fig. 3A). BHE
EHEHE QLR (Table 1), PHB4 #:TidifEAI1Z PHA
VU —EOEER bR T WA, MATR-7r M
+ 5 —+¥ % NADPH-7t + 7t FIV-CoAL ¥ ¥ —¥
oW THBHAEKREERTHEFIEEMET LW
72, EVFEINRR phaAB,, BIICIZERIIE AR
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Table 2 P(3HB) and P(3HB-co-3HHx) biosynthesis by wild and recombinant strains of C. necator

Strain Carbon source” DCW* PHA? Content” Composition” [mol%]
[¢/L] [g/L] [wt%] C4 Cé6
H16 0.5% Fructose 2.0 1.2 60 100 0
0.5% Octanoate 4.2 3.4 87 100 0
0.5% Soybean oil 3.6 3.0 82 100 0
1.0% Soybean oil 3.7 3.1 84 100 0
PHB4/pJRDEE32d13 0.5% Fructose 1.9 1.1 61 100 0
0.5% Octanoate 4.4 37 84 87.0 13.0
0.5% Soybean oil 2.5 1.9 77 97.5 28
1.0% Soybean oil 2.7 2.0 75 97.3 2.7
H16C 4. 0.5% Fructose 2.0 1.2 60 100 0
0.5% Octanoate 4.5 3.8 86 96.1 3.9
0.5% Soybean oil 3.7 3.1 85 99.3 0.7
1.0% Soybean oil 52 4.7 89 99.3 0.7
H16AC/pJRDEE32d13 0.5% Fructose 1.8 1.0 57 100 0
0.5% Octanoate 4.1 3.6 87 89.2 10.8
0.5% Soybean oil 2.6 1.8 72 98.0 2.0
1.0% Soybean oil 24 1.7 73 98.0 2.0

“Cells were cultivated for 72 h at 30°C in an MB medium containing carbon source represented.
50.5% (w/v) fructose or 0.5-1.0% (v/v) soybean oil were added at the start of cultivation, or 0.1% (w/v) sodium octanoate

was added at 12 h intervals from 0 to 48 h.
‘Dry cell weight.

“Determined by methanolysis/GC analysis of the dried cells or 'H-NMR analysis of the extracted polymers.

NeholzZ b, phaC,DF vy AERIZLD
BHRREE 2 b7,

RIZ, GAR LD phaC,,  HFMEMER Z OFFEIC &
5T, HEHRAEMOEW A caviae HE PHA ¥ > ¥ —
YHEIETF phaC,, THEICEH L 72 H16C, % /ER
L7z (Fig. 3A). M\ phaC,, = FRITRE S,
BEER TS AI N TCYNVF I -0 phaC, ZEAL
72 HI6AC/p]JRDEE32d13 #RZfFHL L 72, oM
2 BRIZDWT, Fig. 3B IZ/RT & 912 PCRAITIC X
DEHWOMREEMIEZ 2RI > TnbE I & ZHEHL
72, INHLOBRIZOWT05% 7 Vvs F—RZ, 0.5%
(0.1% x5) *+27 % VB, 05% BXU1% KEiHl% #E
B & L7-BsD PHA & BEIZ D W THES L72. Table 2
WKWART X0, koM z¥<TH 5 PHB-
4/pJRDE32d13 #RIF K E M % xFH IR & 35 & PGHB-co-
3HHx) Z# &3 54%, BpAfk H16 #kiC & %5 P(HB) £
AR T 5 EEEBOBMKINESH AN PHA &
FEEMEN S EHFER N7z (Fukui & Doi, 1998). #

PR 2 12 X 0 EB L 72 H16C, #Rk13 1% KEIHTE
WEAINE (5.2g/1) & E\ PHA B (89 wth) %
AL, ¥EEMICE W PHALEREY (4.7¢ PHA/D) T
P(3HB-co-3HHx) # &AW L72. PHB-4/pJRDEE32d13
PRELET 5 EEREEIZ23/FIGELL. ZOEBO
—2& LT, HI6C, %R CIFERFNEIC L 2 P EE
ﬁ:?'\@%%@%ﬁﬁ“ﬁ FRELZWI EREZ SN
—F T, HI6C, #RICE W EAR SN EEEEF O
3HHx .= v F D4ED0.7mol% [T+ 2 HE AR

b7z, BEREMNE TId H16C, FRiZ H16 bk & FfE
EO®WV -7 M4+ 7 —¥iEES X" NADPH-7 t b
THFIV-CoAL ¥ ¥ —EiEMER L7255, PHA ¥
v & —EiEMIE H16 #<° PHB4/pJRDEE32d13 #£ £
BWETH o7z (Table 1). Zh T TOHZED S PHA
Yy —EiEH L PHABRFIIERICHBIIZA S 1
v Z & (Fukui & Doi, 1997) # &, PHB-
4/pJRDEE32d13 #k & B L 72B5 D H16C, 4R D & \»
PHA ERZE & 3HHx X D413 3HB-CoA £/ ¥ —
DEIES RN %h & % 3HHx-CoA £ / v —fit
MOMMS 2B OBRETH L 2 eI Shz, &
AT AR Y v—%‘["i WCRE& L EE252, BER
FHREDOFHEID f: 213 3HHx 4% 10 mol% FEE A ZE
FlLwZEpy 2L Z OEEEGERE - PHA B8RS
HEREL DD 3HHX 53‘ A1 MOR- Rl R - FE A 2
THb. C nacator ® PHA ¥ v % — P REEF &2 RES
¥, phaC, 75 A3 FTEALZ HI6AC/
pJRDEE32d13 Tix, EHl% I L2k PHB"
4/pJRDEE32d13 & (31317 %% P(3HB-co-3HHx) ‘EFERER
ALz SR ZEE IO W TIRBERS TR TH 577,
HI6AC ¥k Cid#efufk Lo PHA ¥ v ¥ — ¥ EZ T2 %
EL72HEELTR-7 N4 I —EEEIMET LT
72. B b FAF T —FYIIPHAAEARKRERTH S &
&L IZIRIEEE BB LR RTHH AT L0, B-7 b
FF T — ¥ OEEASKEMTOREAREE S 3SHHx-CoA
B/ —OWRBICEBRL T I EEHENL TV
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BEEEERELALZRY (R)-3-£ FOX L T8 2 B-co-
FerOFsrOrsd L) HEAEF [PGHB-co-3HP)]
DHEMERK

BoE/ -2y P LTHB ORI FoF
y7uvd v (BHP) % &% P(3HB-co-3HP) 3,
3HP 1= v h 3EROBEMNITIE - TRl R S LMK
TITHIEIRENTVE, LPLZIhIT, it
EAKEMEWERT L2011 C. necator %
Alcaligenes latus & \»- 72 PBHB) £ RH I 3HP 2 &
DHIBGEEZELRERZE LG5 ZHLEND - 12
(Hiramitsu & Doi, 1993; Shimamura et al., 1994;
Valentin et al., 2000; Wang & Inoue, 2001). L4 L,
DL HETRAORINE I A P AR EIC0%H 5 S
EPS, WAXRADOAREFERE L TEETELIL
AEFE L. 3HP ORI & A P(3HB-co-3HP) oA=&
WA RETR C. necator 72 £ Cik, #OPHA > ¥ —¥
1L 3HP-CoA % B ETHIELNTELLEERD., F
T, HBERT3HP-CoA #ER ST LT L TH—R
FiFE5» 5 PGHB-co-3HP) EAEKTEEGKTH L%
A

SHP-CoA {38 OWMAEWII BT A B HEREL L
WHHEKTSH B, EHELITKBIERENE
Chloroflexus aurantiacus 78 3 HAHERKICEH L=

Fructose

|

{l
704 «——— CH,CSCoA

cycle

S
O

I H
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NADPH
L
NADP*
HOH O
“p it

(;4 CH,CCH,CSCoA
(R)-3HB-CoA

Acetyl-CoA

=N

Ch. aurantiacus \ZHT ANV F— & ZBALRECHEFW
RE G GRS SREBMAEW TH 5 70%, FORBETER
BRIIRERD - BE4H - T VERL S ONAHMENET S
ANEY - ROV AT NVEFEELS, 32 F
Od7abt YA 70 GHPY A 2 V) L&sk
SN THL LR ENTWE (Herter ef al.,
2001). ZORBEERETIET £F IV -CoA & HEY
HEL, 20 FOBALREFEEZBEE LTI VA XV
Ba R Loo7 v FV-CoA #BAETHD, F04H
WHbELIIZSHP FEELRPREAKL ZoTnAE,. T4
bH, CORBROFMPETIET FIV-CoAZ 1 HFD
TEMLREIRES Lo O S V-CoA RS, T OREICE
BHLEBEIN-C ALY ¥ —F 2k ) 3HPIC
BTSN D (Hugler et al, 2002). RW\WT, RiIhzo
BRICERN S HERE o = -CoA v v ¥ —
FIZ L D itEEE CoASH & DiEE - ik - BTICL D 7
Y4 Z-CoAIZEHEIN %)Y (Alber & Fuchs,
2002), #O#FET 3HP-CoA A3k E L THKT 5.
T FN-CoArH v = )V-CoA B HEHRT LHT T V-
CoA 1 WRF ¥ T — LRI de novo A B D)
REFEL L TEBWICHFETAIEETH L, D, v
ZNW-COAVF 77— TuEF = V-CoAY ¥ —
EHDZHP-CoA T VT ¥ —V¥ KA A 2l vh

I
HO-CCH,CSCo
A 2NADPH
ooer
i
HO-CH,CH,C-OH

ATP
Acs Ca CoA-SH
O

H
HO-CH,CH,CSCoA | C
3HP-CoA 3

CHg,,H O 0

~£0-C-CHz-C3fO-CH-CHo-C-
P(3HB-co-3HP)

Fig. 4 Artificial pathway for biosynthesis of P(3HB-co-3HP) copolymer from fructose in C. necator.
PhaA, [-ketothiolase; PhaB, NADPH-acetoacetyl-CoA reductase; PhaC, PHA synthase; Acc,
acetyl-CoA carboxylase; Mcr,,, malonyl-CoA reductase from Ch. aurantiacus; Acs,,, propionyl-
CoA synthetase domain in propionyl-CoA synthase from Ch. aurantiacus.
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t plasmid pBBRB-MA used for engineering C. necator.

(B) "H-NMR spectrum of P(3HB-co-1.6 mol% 3HP) synthesized by engineered C. necator from
fructose. The copolyester was isolated from the cells of C. necator JMP134/pBBRB-MA grown
on 0.5% fructose for 72 h at 30?C with addition of 0.01% L-arabinose at 12 h.

MR T 3HP-CoA fitfaosiifF s 5 (Fig. 4). £
T, YU=)V-CoA L ¥ 7 ¥ —t#&nT (mer,) &,
TUEF = )V-CoA ¥ ¥ —EHD 3HP-CoA > v T4
— V¥ FAA v %2 a— T HELETHEE (acs,) =70
—=v7L, T9¥ ) —2ADORIMTHEETRE L BAD
THE—Y - TRICAERFZERE LS ¥ —,
pBBadEE63 (Fig. 5A) Z/EBL L, C. necator BT
5 JMP134 ¥R F 72 IZHI6KRICIEAREICL DEAL
oo BoNTMEZE TV VA B H—RFERF L
LToEEEzIT, “BRHMBIIZ0.01%2 T 7€/

—AEBFMLUTHREBETORREZFE L 25,
AR EN/2R) < —12 P(B3HB-c0o-3HP) £E &K TH
hlrrHAru<br 574 —8BLX0H-NMR
(Fig. 5B) ([Z& o> CHERR L 72, ZoBoELSKT D
3HP 703%1E 1.6 mol% Ta ), PHA FHFIL 36.5wt¥
Tholz. f5FE (MPI34 B LU HI6 %) REH
B (—EREEBIVIERER), T7E /- A BEIC
DWTHES L7225, SHPGRIIHKRAT2.1 mol%TH -
7z (Table 3). —Ek¥:#ETIE, SHP 4XRIIETETT
% (0.9~1.2mol%) H DD, BHWEIKKN PHA BiEX
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Table 3 P(3HB-co-3HP) biosynthesis from fructose by recombinant strains of C. necator
harboring artificial 3HP-CoA supplying pathway

Strain Cultivation Induction® DCW? Content’ Composition® [mol%)]
[% arabinose] [g/L] [wt%] C4 C3
JMP134/pBBadEE63 1-step” 0 2.1 63 99.6 0.4
0.01 2.0 62 99.1 0.9
0.1 1.8 55 98.8 1.2
2-step” 0.01 2.0 37 98.4 1.6
0.1 25 31 97.9 2.1
H16/pBBadEE63 1-step” 0.01 1.9 59 99.4 0.6
0.1 1.8 57 99.0 1.0

“Cells were cultivated for 72 h at 30°C in an MB medium containing 0.5% fructose.
bCells were first cultivated for 24 h at 30°C in an NR medium, and then transferred into a nitrogen free- MB

medium containing 0.5% fructose.

‘L-Arabinose was added into the media at 12 h for 1 step cultivation, or was added into the second media at
0 h for 2-step cultivation with the represented concentration.

“Dry cell weight.

“Determined by methanolysis/GC analysis of the dried cells or 'H-NMR analysis of the extracted

polymers.

(55~62wt%) AEHN7. BT TIELN-LES
RO SHP 5 IIFE L %, WHEDOLEEIHH L DD,
AW REINA A~ A2 H—FIFEE LT PBHB-co-
3HP) LEAREZEERLIWOTORFTH 5.

¥ 5

ERO LS ICEE S IREE EOBRTIRIER, B
S/ v—2=y MR T A A TR S
EHBEEETHIEZIZLD, N AT ADAZRFRE
LTHEARY T ATV EEERIEER AL
BL7-, F9AI FEACIIBEETHIEARZYE
EEICHHATABRTIEITIAI FREICLZ2TEARE
EMEALIEUISHEE 255, AR EICLsM
WABRTIZZFOL ) RMESRIY ARV ENLE
FlThab, HEEHTIE, EERLZEBRIRORY) X
FIVEREER, ERIN-HESEOME LR EICE
FTRYET N LS., FICHKROMEIZEET,
FITHEWR T VAR T 27 )L &9 5121F 10 mol% 2
EOHE T/ v—2=y bERY T —HFITEAT S
CEDMETHL. SHIEHEHABIIHIETES TS
FAF v 7 LT BIIIMEA WD PHA #4160 7500
LI ENEE LL, ZORDICITHER ST EOHIH
BRI LTI R S5k w, T2, BSOS F
¥ ) — VEETHEE ENTWAS L), Bz e
G LA L ZVLDETHLIELEETDH 5.

EEOEBEE#ROBIY L L LI, E5RET IR
F I IRNAFTIATTAF v ZAOMBFIIREL %
STETWS., FFRINITEAEWRY) T AT IVOERELE
PR EEL LTHREL, BRAMSAOREEIZEH

TEXLIEEERTN.

zZ M

WAEMIZL->TAEREINAER e FOF TV ¥
B2 (PHA) E3NA A~ A%FERE U THEETRER 5
TS AF v 7 THHIEND, BERKANEOH
e LTHffshTns, AFETCEEDELLES
WNAFRY)Z AT NVEREL S EEGRT 2BEDHKRD
R ZHIE L7z, RY) (R-3-k FuFT 75 VER)
HFER TdH HIRKEME Cupriavidus nacator |22\ T,
MEMEHARZICE DAk PHA ¥ v ¥ —VYEET %
LEHERMEDIL W Aeromonas caviae H 3 & & T
phaC, \ZB¥ L7 HI6C, MRE/ER L=, Boh/
H16C, #RiZMEYH A kFRE L CREFICHEBEL, R
(B)-3-t FaFx 7% VE-co-(R)-3-& FOF I AF4
W) [PGHB-co-3HHx)] LEAREER L7, Ak
PERDMILZ MR E L T23BORELAERY 2T
VHEFENEZR LS OO, Yrm EIZEE 2 3HHx O 5
FETFTHR6N. —F, K (W3- Fuxs7¥
VEE-co-3-b FurF v Tu Yt VER) [P(BHB-co-3HP)]
DA ERICIE, -k FudxyFut VEERED
L& %R e U TR L 200 d % 6 2 h
o7, F I THAAIETMENIE Chloroflexus aurantiacus
DRBEERETH A3 FaF o 7rust Y B A
7 WIZBWTT £ F V-CoA 7> 5 3HP-CoA |2 FE % #% %
WEHLZ. COBBICKENS 2 DOBERERFZ
C. necator WHKRIZEATAHZET, 7V7 M=%
H—#EFE L LT PGHB-co-1.6mol% 3HP) & A&/
AHZ LTI,
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