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An unusual dinoflagellate nuclear genome
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SUMMARY

Dinoflagellates are ecologically important, unicellular eukaryotes in aquatic environments. They
have unusual, permanently condensed chromosomes and immense nuclear genome sizes. Recent
advances in dinoflagellate biology have revealed many novel genomic features.

The first draft genome of the dinoflagellate, Symbiodinium minutum, displays unique and derived
characteristics (http://marinegenomics.oist.jp/genomes/gallery). (1) The genome comprises approximately
42,000 protein-coding genes, including highly duplicated genes for regulator-of-chromosome-condensation
proteins. One-third of these have eukaryotic orthologs, whereas the others have similarities to those of
bacteria. (2) Symbiodinium genes are enriched in spliceosomal introns (average 18.6 introns/gene), in
which donor and accepter splice sites are unique. (3) All spliceosomal snRNA genes, spliced-leader
genes, and 5S rRNA genes are clustered in the genome. (4) The Symbiodinium genome displays
unidirectionally aligned genes throughout the genome, forming a cluster-like gene arrangement. Here |
briefly introduce recent advances in dinoflagellate genomics, paying special attention to the genome
structures of gene-rich regions.
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FLHI

M BRI MREZAEY TH Y, FITEHE L
7oiRatE (liquid crystallic) OYEK L BERREES )
LERD (FOZLBE NP AOEEOY A X T
H5) (Fig. 1A) . Feare A radbhx s L
AV — AEERBER SN T IR o2, DO T,
FDORFRIE DRSS THRIEEAEY (Mesokaryotes) |
LN TW=Z &b H 5 (Dodge, 1965) . HET
FEZOBITEEI N, HFREANIER T
D, ~ZUTRBREEOTEar Ly s R, 7
T ULV EOME R LIS, WL L
RAET—EDEEITN—TD—~D>THDHIENHDL
M7 > THY (Bukietal,2007) , FORRREL,

[afiEm% (dinokaryon) | & PRI TV 5.

IR BRI K2 2,000 O TE Y (Adl
et al, 2007) , WDKK & 7255 (Alexandrium) <°
Yo T AT DB E (Symbiodinium) 78 L3 E
FN, MHERREEZEZ XD ECHERAEYMTHS.
i BB M OB BEMRIIRAER OB © 2 <, 5T

B sirna oY —
:' 2 W _AG
A GU A pre-mRNA

‘outron’ Intron

O T ] SLTSmRNA

=rE™ Sm 3
DCCGUAGCCAUUUUGGCUCAAG Dinoflagellate SL
(D=U, A, orG)

LB IE O T — X I X > THRFMThN T 5
(Moestrup and Daugbjerg,2007;Bachvaroff et al., 2014) .
MHEEREOBEOKEHIINEREITH. ok
AN ZRIEEICLVERLEEEZOND T T
AFROYF ) 2L, TT7AIRFRROI=%—7 1
DNA &\ O Rk eiE~ LR LTS, IHICE
B EERNG, ELOWMFE CERAELS N M L
WLV ERLIZEEXOND ST AT REFEOH
R, v hrmaF IR NeROBEBRLENREY,
HMNIEED A D =X LT ) DTN R T
J AL E T S BT HBEBRENW S L—T T
%% (Onuma and Horiguchi, 2013; LI [11E2>, 2008) .
Bolt, WEEEEDO hT R0 )T R — AR
—HEBD Y 7 AELHNREHT > O BLERZR RS R 2 12
BN TETW5 (Lin, 2011; Wisecaver and Hackett,
2011; A, 2013) . BT LD L AEMFERIBIEIC
[R5 &, mRNA D KT ARATF T A2 (Zhang et
al., 2007) (Fig. 1B) R UBETFRZ T LY
WA THET 2 EWVWIHIHETH S (Liv and Has-
tings, 2006) . F7-HAEIRENCH L CHEEAEMICHEE

Fig. 1. The dinoflagellate nuclear genome. (A) Transmis-
sion electron micrograph of the dinoflagellate, S. minutum.
Twelve permanently condensed chromosomes (Ch) show
regular, banded patterns. Proteins associated with DNA in
chromatin are less abundant in dinoflagellates, as in bacte-
ria, but the basic structures of chromatin have not been
clarified. M: mitochondria, N: nucleus, Pl: plastid, Py:
pyrenoid, Scale bar: 1 pum. (B) Spliced leader trans-
splicing (SLTS) is common in dinoflagellates. SLTS has
been shown to occur in a limited number of eukaryotes
(dinoflagellates, euglenozoans, cnidarians, nematodes,
flatworms, and tunicates). In cis- (intron) splicing, the
splice donor and acceptor sites lie on the same strand.
During splicing a lariat structure is formed (blue dotted
line) and the intron is removed. For SLTS, a ‘Y’ branched
byproduct is formed (green dotted line), the donor site of
SL RNA is spliced to acceptor sites of pre-mRNAs and the
outron is removed. As a result, the SL (yellow-box) and
the 5° exon of pre-mRNA from the different strands are
joined. Introns are located ‘inside’ the target gene, whereas
outrons are located ‘outside’ the gene. Many mature
mRNAs have a common ‘SL’ that is spliced into different
genes. Red circles show cap structures (2,2,7-
trimethylguanosine cap for SL RNAs, 7-methylguanosine
cap for mRNA) (Stover et al., 2006). Dinoflagellate SL
sequences are highly conserved and the binding site
(purple box) for the Sm protein complex on dinoflagellate
SLs is different from corresponding binding sites in the SL
RNAs of other species. The SL RNAs of most other spe-
cies contain a Sm binding site in the 3 half (aqua line).
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72 TATA box O 7 1E—% —FHB A1 ET, il
HEE#HE Crypthecodinium cohnii > 5 Wil Sj17z TATA
box IZHEBT D % /7B (TBPs) (ZHEMED EW
TBP-like # > /37 B, TATA box £ Y % TTTT box
DOEINZELSFEET D L VIFERIREI TS

(Guillebault et al., 2002) .

ZOXDITIMMEREDS ) MR =—I T
Ho, Pl EROES ) Mgtz kv, #b
DWW TR LAY —LEEZ RS Z LTk TE
DX IRT ) DEEBEZ D 5 DD NS Z LR
oM E LW S EIHGEREZL T
2. FRCHE b, TEaryT Ly s RES
WMERFOLYT ) AMFFEND T, MHiEEE
W DORY ) AOMRFEIFITHOITI 22> 7 (Lin,
2011; Wisecaver and Hackett, 2011) . ZDOHHD—>
%, IMEEERO T ) ARMLO ALY DS ) A
NRTHYIZKRENWZDTHA).

Fexix, MEEBEEORTT ) AV A4 XD/HEN
L Symbiodinium minutum DI ) B OREEFLS]
ZE L7- (Shoguchi et al., 2013) . ZDOFER, i
BT ) DOWENT ) A&kl bloTa=—7
BREFEEROZ ERPA LN o7z, 22T, 2
DY RBEDORE T ) B ORGSR &2 s, < &l
OMHEEROKICET 252 FRISHENT 5.
DICZEDffGEE L HICEN DN o BB ZR L
THIZ. Iill, TARFT—ZOMER DI =
Y RUTF ) AMEGEOREICETIHREN I N

(Janouskovec et al., 2013) . T ILA T — X OHLETID
B LRGP D b IR ISR iUT &R S .

BEEERDOS ) LB
Box i, KRy —4r o — (NGS) &7/ L7

BT ADY T MU T ZEEE LT 616 Mbp (6.16
B ) 07 7 ABEE S ZRE Lz, [

Tole b T v AT VT h—AEIIREICLD,
63,104 O =—7 RSN EHT-. ZORFIDIZE A
EWNT ) AT~y & (Koyanagi et al, 2013) , &
[RFREEDIZ L AV ENRZ D 616 Mbp OREERIFNZ &
ENDHENGoT-. T OMERY) LITiE 41,925
DOEETFHERNIFIE L. DNA F T U AR R
b R T UARY VHEIBOHD HEAEIE 0.5% &
1.1% Thot=. X T L) E—bDOEDHEEITE
r# 5% LABLONE. RUTARETT—ZDH
JAEHET AL, S minutum O GC & EIXR 0
@<, 4% Tholz (Table 1) . ZORMEL VX, il
OMMERMICB T2 b0 L1FE KT D (reviewed
by Moreno Diaz de la Espina et al., 2005) . J 725,
MWHEERLD GC &%, T3 7Ly s ZEOH)
EHEHIV L LAL b= L/ Y THORY
R == DT ) MIFRIL TS (Table 1) .
7a—H%A AN —ZFHW@EHIZEY, S
minutum D7) LA X3P L EF 1,500 Mbp & RLAH
B HATUS (Shoguchi et al,2013) . NGS DF — & H»
LANH KT DNA @2 E— (>500) TFEET D
ERbL b, Zoa%ELIIVEZELTH, T
VITIITETCWRWEES ) AFEIRAY 800 Mbp FREE 1L
FETHEEDRA. NGS ® U — KX BAC KN
fosmid 7 & — > O RIHESN DT — Z 1%, F OREHIK
DRETIE GC GERRA VT LI E— LT A
RS DEDDHEIRE VS RIZEBWT 616 Mb D
WIZHEBIL TWD Z EERLTWD. ZOfERIT,
110 Gbp D7 A EFFOWMMEE#E Alexandrium
ostenfeldii D77 ) 5D 50% LA ENRZ T AV E— h
MBR5 T HHE LIIXBATH D (Jaeckisch et
al,, 2011) . %7z, Madhani (2013) (X 2, Lk
D) ENERIELIZDIE kT AR EF &
BLTWBOrb LN ETSEmeEb K LAR
V. iR RO IE 2 — NEEKORSIE LCT e AT
DHEENRHRE SN TETWD A (Fojtova et al.,

Table 1. Draft genome compostion of three main groups of alveolates, the dinoflagellate, Symbiodinium minutum, the
apicomplexan, Plasmodium falciparum,and the ciliate Tetrahymena thermophila,andthe euglenozoan, Trypanosoma brucei

A total assembled

Average length of ~ Unidirectional

length of assembl; G+C content Number of genes Number of introns  First two nucleo- intergenic regions  arrangement of
Ty ) £ per gene tides of introns e e geme
Symbiodinium
minutum " 616 44 41,925 18.6 GT/GC/GA 2,064 Yes
ZEZL?%’ 23 19 5,268 24 GT 1,694 No
tTheet:;}:));Z;Za” 104 22 24,725 46 GT 1423 No
Zﬁ’ZZ," o 26 46 9,068 0.0002 GT 1,279 Yes

1) Shoguchi et al. (2013), 2) Gardner et al. (2002), 3) Eisen et al. (2006), 4) Berriman et al. (2005).
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2010) , B> bu A TREEBICET S ﬁiiﬁéﬂ
TV, 77 TE TV WEERIT IS B
Lot fts L BIR LT D AfEMER & Y, %@

B It ORI D27 ) AEF & O i RT
MEIEL 25T 5. WEIEROS /7 A2 5-8 K
DX AFLTTIINEWNWIMOEREAEY T ) AT
IEROND IR VMERE N S5 E FN D (reviewed
by Lin, 2011) . 2O X5 REMEREL S/ LEE L
OREBRbLMOEETHD

BIEFOMHR

RSN TCETBEKEMO T /) AEBE T2
TR FEIRITIC LY, IMEEERIRICR T D & )
B E 2 — NT 58 EFHITE L% 38,000 205
87,000 & FfEH BTV~ (Hou and Liu, 2009) . S.
minutum TIXH /37 B & a— T 58 E1FOHT
41,925 LRFH b, TV THERRCT T e AT
W2 L2 0 2N ERH LT 572 (Table 1) .

LU RTEORIFENT R AL OfENT (pfam K
AA ), TBLASTN IZ X% NCBI 7—# ~_X—R&~
OELIVELIERR, 7 AOME Sl BEEEH D
AT L OERIZHE L2 OrthoMCL 7 — & ~X— A

(http://orthomcl.org/orthomcl/) % > 7= f# 4T Tl
41,925 OHD 54% OB TFIE, ThE TICRERS
TV B ESI~DRERIE 2 FF>. — 5T 46% O#Es
F1x, Symbiodinium FrEE)TdH D FREMED @Y. £
OHFTHUBORFEEORWER 25 LT, &I
BROWHIERY ) AL OB EEICR>TL D
LRbND. BIETHOLEMEIT G, 41,925 @i
FOHD 17,703 BIsT (424%) 13, WBEFEEO R
MCHEHELLBE T THIAMREESEVWE RFEDL D
iz, M ERBEICK T 2 8BTOEEDO AN =X
2L LT, mRNA HI3K® processed complementary
DNA O U WA 7 UPREIN TS (Slamovits and
Keeling, 2008) . L2>L72235, S minutum TIEA

Fr R ROV TNV LD, 2o
REEIEWE PRI o s ) AiTl~D &,

D2 DR L TV D BETICE, BEINIRTS
WTWDDBERERAITdH H ¥ 737 &, Chlorophyll
a/b-binding ¥ >NV HE, A AT ¥ XVDH LNy
Bl a—RT2b0REENTWE. 20k
ICHEDOHER L TV D BRI, RESE LR
5 X9 ThD (Colbourne et al., 2011) . D iFHEE
B DEOWEIZEY, ZoX ) RBIETOMK
DNDERZ > TE72ONEHTET D 2 &R AHEIC
o TLHTHAD.

B A R TR SN E BT O E~Z U T
BT R B AF & OrthoMCL 7 — & X— 2 % ]

WL 5 &, S, minutum 13~ 7V TJRBLT b
T e AFITHAT, LR ChosTc#In 7 7 2
U =072 & 3R 472 (Shoguchi et al.,
2013) . TANTE T —Z OIGEEENEE LT L
Z DI DALEH KO EAF R E T BIXITITERITR
», BICHFET LT T Ly I ATITLA K
AR TS, SLBRFERFLEOMERE DL
NARETIE, #ERIZBNT 16 HHR20 > T
57215 THY (Reyes-Prieto et al., 2008) , ~7 U7
JHHR T 207 R RO TV AHIZTE RN
(Huang et al., 2004) . —H5 T, XEEMEOTE=
7L 7 A Chromera velia D kT 2 A7 U7 h—»Ah
FRHTIZHNT 513 OBB TR T 7 AF ROMES LB
53 L’CL‘Z) ZEMNRIBINTETL D (Woehle et al.,
2011) . BlxIE, MREFSNTERS ) L TREEOM
ﬁ%ﬁb&k;%zmohﬁ%%@?ﬁ&@%%#
IREBEEINDEIETE LTHDO2->TL D (Moustafa
et al., 2009) . > T S minutum \ZBWTEL DE
G772V —NEFEET D L0E, S minutum
ARREZRFFL T A Z & EBIMR LTV B ATREMEN
ﬁb‘ L%1L, TTAF Rk SN THET 2 ¥

VNI BEA— R LBEFEREL TN Z &R
HETHDLEBbND. FlEEROE/RIZEWY
THREFOKEEENLEE THSTDTIERWVD L
TOHHREN 2 INTE T D (Wisecaver et al,
2013) . AKPEERHFICEIVER LI EEX OGN DB
TN, ELRDT ) AWBIZE - Tkax LB LT
7o TL B0h L.

BENOE

B OBICIZIX 7 LAY — AEER RSN
7T, WFEERITIa TR P COBBEFEESTND
LEZLN TV, —F5T, N7 U7 D DNA it
&4 /8278 HU I T % Histone-like protein
Hlp) DOFENEE S CE 7 (Sala-Roviraetal., 1991;
Wong et al., 2003) . L2>L72285 K 0 fxird EST fif
HroOFERNSMMERITIITE A N BB E2 R
TWDZ ENREIZH LN/ > TE 7= (Hackett et
al.,, 2005) . S. minutum 7 ) KZX 2T v A h v
H2A, H2B, H3, H4 ’a— K& Wk, UV h—
EX b Hl OF =Y JBETIEZRO LR
7=. S minutum ©7%7 7 5 LI Hlp %3 — F3 2%
X 15 EFT Ao, MEEEREO Hlp EEHO

H1 OELMED S, Hl Ba o bnEm STy
% (Kasinsky et al., 2001) . Z @ X 9 72 kkiglE, Hlp
DX D IRBIETFBEBEMDHEILED T ) MHFEL
TeDh, NTT VT PHKRPEREIC L 0BRSS
OhEHEx5 ECTHEEICZR->TL b LEbS.
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F£7- Gornik et al. (2012) 2L > T, X 0E
DVNP (dinoflagellate/viral nucleoproteins) 73 {f#i =& #&
Hematodinium sp. DIZZ% < & ¥, DNA ITREET
HIENWRENTZ., ZOX NI a— NI 5k
BFIE, ZNETICREESERE BEVALATH
52743 RFTTANABDOS ) ATROM> T
%. Gornik et al. (2012) I%, Z ¢ DVNP @5+ DS
DX LAY — MEED RO G RWE R A FF
DR~ DEDOFEYID AT v T & L THET
ol TRV EFEWm L TEY, BIREN. S
minutum 7 ) 2IZ0%, 19 D DVNP &{nF 2 FFET
5. 20 19 floFo 11 @21, Hematodinium sp.
@ DVNP BEFIIFERWBIDO AL v a— i
TWE, ThOD A A RSN RIEEERE TED
BRERGFINTWVWEONE]ET S Z LR, KER
LS LB N BIETOELEHED
LTEETHD.

S. minutum D77 7 A TIEFIZEOEML TV H i
BFOFICE, ¥V % a2— FT5 RCCI
(Regulator of Chromosome Condensation 1) If&2%
EENLTW. ZOBETIX RCCl-like V B— k%
b, 2oV = eRoBIEBFIINITIT S/
LOHIZHIFET S, RCCl-like V ¥'— b 2ol
X S minutum 7 ) LD 189 OFEEIZAEAE L=,
ZTOFD 86 DX T E O E N THr 1%k
PR AT o728 2 A, 52 OB R THEIZYT )
N TFVTEeTarARI TV T7TOF—/ua s Th
V, —F5 M ITEEEMOF—Yn S Tholz. T
bbb, S minutum @ RCC1 WixTFITITERE &5
DD & A TINEG T Tz, FHEH O RCCI-
like UV E— R~ RAAL V&FFOX I BOBKEEILS
BAELTWAZ ERMBLNTWS (Hadjebi et al.,
2008) . ZHBHDH LRI DN DDNDIMRE e Yr
BEEE LR LTS b0 L Ebh .

A4>ray

BRI FDOT 7 Y o~ v b u I
LT, ZOHERABEEOBEFIZRONTE LT
O, <o TWiehrotz, — 5T, ~7 U TR
RTNTeATOAL L br LTI ELSHARND
TRy, ZoFIIHKHDR< (Table 1) , T
F T =2 DEIZBT DA > b r UEOELIT g
RERRICEZ 720 Tide WVt WO Emn 2 &
T2 (Nguyen et al, 2007) . Wi Z &z S
minutum OBETIZIXFEETDHE 1 Bla1+HZ0
18.6 fH & VD FIEHIZEL DA v bR UBFET D Z
EBH B AN/ o7 (Table 1 and Fig.2) . D 5° &
TI7A4 AV A FOEFIE LTIE, GT UAMZE GC X

GAZATDELDONFIEL TV, —FFT 3 A7T74
AHA Oy VD1 FHOYA M G Th DM
NRD LN (Fig.2) . ZoOHA b2y GOMEAEITE
foA v v~ F—F AT DY — 5
L C\% (Thanarajetal.,2001) . 2D X HIZ, <D
GT-AG /L—/UIZHEb VA v b e NEHTAET
b DRONE DL, EEERICT 55 L
HWEIZ K VAL TN THAD. £72 S minu-
tum DAT T AT A — N LT O R &
7-& Z A, snRNA BB DT XTHH HMHEKIZT T

p—— 77ypanosoma brucei
%

a
L
g
probabilty
Bes=

Ciliates__| [Apicomplexans| [Dinoflagellates| [ Excavata |

[ Cand plants_]

e Homo sapicns 20
———m 21
i P, a9\ [AAG x G

[ Animais__|

5" splice site 3'splice site

Fig. 2. Gene arrangements and exon-intron structures in
nuclear genomes of representative eukaryotes and alveo-
lates. Yellow-green boxes indicate typical patterns of ten-
gene arrangements with the number of strand-switch re-
gions (SSRs), although the SSRs shown in P. falciparum,
T. thermophila, A. thaliana and H. sapiens are not always
typical. The unusual ten-gene organization on the same
strand of DNAs that have no SSRs, is similar in S. minu-
tum and T. brucei. Gene architecture shows average gene
lengths (exons in red and introns in blue) with the average
intron number per gene. The sequence motif of the splice
site was illustrated with WebLogo (http://weblogo.threeplu
sone.com/). The probability of position 2 at the 5° splice
site of S. minutum is shown in the insert. Only two genes
with spliceosomal introns in 7. brucei have been reported
and the motif was not shown. Analyses of intron richness
and weakness of 5’ splice site signals (asterisk) indicate
that S. minutum has the most unusual eukaryote genome
organization to date. A double asterisk shows Gs of first
nucleotides of exons conserved at the 3’ splice site. A
similar phenomenon is known from human minor alterna-
tive splice sites (Thanaraj et al., 2001). (From Shoguchi et
al. (2013), with permission of Elsevier)
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AL =& LTHET D ZENbhole. AT T84
Y — L OREEIZ B0 2 BAR T O FEM 70 P AT IZ K
O REERIRREE S 0D 20 T D00 LiL7aw,

7/ LEDORGTFRELET

BN 72 REBEERIC S v BT, MR L = —
TV Y7 (MR Y—=) OF J LEEIZEIR
PERHHIND LWV D MmN SN TE 7 (Lukes et
al, 2009) . 5/ AL T, FFURARTTA
VU7l BIBETRA T ARESEVS HTH
L. IREEEEREO X T ARBONCE L CIE, FU#E
fFOa =R TNT, TNEDEEFITRY
VAR ZIZBBLTWVWDLEITHDLENS
ETHERINTER, —FT, NI Y—=iZH
LTI, BA2BE1FThoTHY / A2KICD
Tz o THEREBTO—H RO OD 5 232785 T
7= (Fig.2) .

Fx X, S minutum O ) AERITDTZ - TG
FMFE CHEICHEATND Z EEZH LM L (Fig
2) . Spliced leader trans-splicing (SLTS) 2B L T
ix, FUAA Y=< TETRTORIETA SLTS %
ZTH0IZxt L, S minutum OEEERAS (TSS) @
fEMTIE, 9 20% 0 mRNA 7% SLTS %55 T &
WHZEERLTWD. Thbb, T XTRHRFEIC
SLTS % 517 TV DLIT TIERNZ RIS, A
B oA AL ¥ B % Lingulodinium polyedrum @
RNA-seq fif#TCH/RE S LTV 5 (Beauchemin et al.,
2012) . {RHEEHED SL (22 X7 LATF K) BT
INFETHARONTE M ERERE TREAICHRT S
NTEY, ZOAD=XLARHEEEDOBSG 3D
FEHICBWTCEETHDLZ L2 LTS (Fig
1B) . RU Y —<TiE RUREICIHEAZREE
FTHRRY VA b=y ZIZRELTWD Z & DNHE
INTWA. S minutum TILE D> THAH M. S
minutum TIL, FU NV —<DLHIZIFLEALED
BETBRY VA M=y ZIZRBELL TS L)
L3 REEITHD.

T EBOIEEICH L R INTERLI D —
DUk, AR BRBERTEBE TR T 2T
Ly 7 ZAHDO L TN ENS 2 ThB. Alh
D) MRFET, S, minutum D) KZa— RKER
%, BEAPMTHRESNTWDS X5 ZREBEFRH &
BT OEIED TN NS T RGN R o7, F
7= TATA box D727 rE—X —|Z L HHEIZEL
T, WHEOZ ) AW ThEmSN TE TR
v (Wu and Sharp, 2013) , {HEERY ) A EIZH D
IeEe—F—HREREL, LKL TN ZENE
HWThdEEbid., K OBIETITES TIER

<, RNA 7'mrty o 7R iR, E£idEiZmbhn

TWRNWE S RV VUL TRADBTHEH SN TN DO
# LivZevy. F72 small RNA X° non-coding RNA |Z

LO2HELZBEL W LERDH LIS LW
(Baumgarten et al., 2013) .

BbYIc

INET, 7/ bV A XRKE N EOHEE N
5, MMEEEEY ) LDOELORBE~2Y ) MR
MET 70 —FFT 5 LIXTE Rz, =
VU TEIRNAMICERL TCWAEZ L EEETS
L, SBITETETES ) ARYIO LRI B SR
MHEEREIC T o —F NI > TL 23T TH
B, BlxE, Ba MEEE LI X 5 S Ao Rk
%100 FEEELL BITWB E SN TEY, &LR547 )
LEFE L O LT DI, BB S ) L
LB ML ZEEERHAL IR > T DTS
5. RECY > ITOX S RIEFEDS 7 A (Shinzato et
al,, 2011, 2014) L Dk d, 7 LAELOHE LN D
AW OMEEREZ £ 25 ETHEIC/R->TL L
Bohs.

A

AROBEIZHTZ 0, MHREHEHIN K FEFER T~
Vo7 )IvrRAa=y boFxZ, TERAEZEW
fo. ERBEBTHEMBEIOTEL, B EIT KR

FOHEAARBFERICEVIRESNZLOTHS.
WAL L ET S AREPET IR ETE
X, WMEZEOAARBEAE LIZE EHLB L BT
5.
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