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Title Role of cyanobacteria in marine ecosystems
with special reference to coral reefs

Name CASARETO Beatriz Estela
Affiliation Graduate school of Science and Technology, Environmental Science
Section. Asia-Africa Environmental Leader Program
Abstract

Coral reefs are located worldwide between 30°N and 30°S in optically clear and
oligotrophic seas. Nutrients availability in these ecosystems is very low and considerable
lower to those of open ocean. Measures of gross primary production (GPP) to respiration
rates (P/R) in coral reefs resulted as near 1, indicating that GPP is almost balanced with
respiration and though net primary production is almost zero. In this context it seems a
paradox that coral reefs could bear such a high diversity and stability. Here we come into
understanding the important role of cyanobacteria in coral reefs: Cyanobacteria, before
named blue green algae, are the dominant primary producers in oligotrophic waters, also
providing two other functions: respiration and atmospheric nitrogen fixation.
Cyanobacteria supply coral reefs with aloctonous living particles coming from the open
ocean (the tiny coccoid cyanobacteria) and they are actively grazed by reef benthic fauna
including corals. In the reef benthic environments the microbial mats also dominated by
filamentous cyanobacteria, thanks to their capacity for N, fixation provide the reefs with
new nitrogen different from the recycled nutrients, and therefore reefs new production can
be well explained. Until now primary production in coral reefs was evaluated by
measuring it in the water column, however considering several sub-environments
including not only the water column but also the benthic environment, we can conclude
that production in coral reefs is much higher than previously thought and cyanobacteria are
the most important contributors (see Table 1).

In this talk | will present the definition, history, characteristics and roles of
cyanobacteria and their contribution to coral reefs environments.

Table 1: Comparison of primary production and N, fixation rates of

different sub-environments in three selected coral reefs

Primary Production N, fixation 12h (dark) N, fixation 24h
ug C cm? day™ nanograms N cm? time™’
Coral gravel La Reunion 11(6) 57(37) 207(125)
Sesoko 12 (6) 145(84) 237(193)
Shiraho 14(7) 16 (3) 56 (25)
Cyanobacteria mat La Reunion 212 (113) 2712 (732) 9698 (228)
Sesoko 278(189) 6414 (305) 9481 (742)
Shiraho 3836 (1350) 251 (53) 567 (116)
Sand Sesoko 80 (32) 20 (17) 308 (179)
Shiraho 52 (19) 105 (56) 355 (94)
Water column La Reunion 19.6 (3) 0.03 (0.003)
Sesoko 7.8(2) 0.05 (0.02)

Shiraho 7.9 (4.2) 0.03 (0.010)
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Title Tropical land use change and atmospheric composition:
a case study in Borneo
Name Nick Hewitt (Prof.)
Affiliation Lancaster Environment Centre, Lancaster University,
Lancaster LA1 4YQ, United Kingdom
Abstract

More than half the world’s rainforest has been lost to agriculture since the Industrial
Revolution. Among the most widespread tropical crops is oil palm (Elaeis guineensis):
global production now exceeds 35 million tonnes per year. In Malaysia, for example, 13%
of land area is now oil palm plantation, compared with 1% in 1974. There are enormous
pressures to increase palm oil production for food, domestic products, and, especially,
biofuels. Greater use of palm oil for biofuel production is predicated on the assumption
that palm oil is an “environmentally friendly” fuel feedstock. Here we show, using
measurements and models, that oil palm plantations in Malaysia directly emit more oxides
of nitrogen and volatile organic compounds than rainforest. These compounds lead to the
production of ground-level ozone (O3), an air pollutant that damages human health, plants,
and materials, reduces crop productivity, and has effects on the Earth’s climate. Our
measurements show that, at present, O3 concentrations do not differ significantly over
rainforest and adjacent oil palm plantation landscapes. However, our model calculations
predict that if concentrations of oxides of nitrogen in Borneo are allowed to reach those
currently seen over rural North America and Europe, ground-level O3 concentrations will
reach 100 parts per billion (10°%) volume (ppbv) and exceed levels known to be harmful to
human health. Our study provides an early warning of the urgent need to develop policies
that manage nitrogen emissions if the detrimental effects of palm oil production on air
quality and climate are to be avoided.
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3T3-LIffif 2 VT, MbaFak ORRNIEREICRT o TR o e W7 =4 L D
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WIRRF- & LT, 77— BRORRNER THL 7V A7 7 —F (GSase)
MFIE ST D, ABFE T ) BFIBR~D 5 TR 28 H 5 2 L 2 BV
&L XHRAs b S MR 12 X GSase D N AAME I & fiftBH L 7=,

FER. GSase D K A A L OSIREEIFRER T 2 7 —F8 LEBL L TWhans,
F DN UREE I ITIEY BN & TN, F7-, A Ste )71 k-1
DOT X BFRIITBEI T X 7 — B L IR T STV a5, A R+
DOREEIIRE S Bip o TWWie, MEBLSISICEBIT 2T 7872 —I 734 M+
NCHRERT D2 &0, ZHUFHFAIBRR O 7B & L TEERFHL TH 5,

AWFFENZITBNT, R THID T O fRIRRF O AEEZ I b8 Lz, 1556
TSGR 2 FEIC S BITERA 72 5 e EARIOBRE N ETe Z & B WIFF S5,
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KDELEF—T72FA LIV ANT 4 NERE _EkZ R0 D5 EE
U N, 2P A2 A, 2 S B, A 2 ORI, SRR A LR E s A

YRR R - Bedk - BREL SR - BB - E

FIRIN CTERR SN0 R 7 BT/ Malk-2 v DR 2R H L, fifast~hc
SND, G RTEOHRTHHSE L CKDELELS 2 CRImGIZEF> 6 DI,
KDELSZ FARITHHHE S 41, 7k A/ NIRR- 2V IR 2GR 5 2 AT DS
T BT 72 o 72, AAFFETIE KDELECANARTE T 200 A =X L2 FIH L.
TGF-beta superfamily D73 UL E NG %N T 5 RFE LT, WIHIIROIEIE 2R E 9
HZBMPAD #&th o1 R OEATICKDEL 2 =t — R4 5 ¥ E B4 2 f~Hhn L
BMP4-KDEL mRNAZERR L, Y A BT )VIRA~BMIEA L2, TORER, B A
MREOER, BMPY 7 /WVEERIB R T ORBLEME T3 570 &, BMPAKDOME)
X LWOBREEZ RO Z Lo Tm, ZHUEIBMPA-KDELSNAEMEDBMPA & — &
KER L, anti-BMPE L CTHEREL TWA Z L 2RI 5, £7-, HiREFE
K+ T 2Xnr5lZ BN T H [REIBRO FEFR ATV, Xnr5-KDEL2SXnr5 2 fHE L T\ %
ENDo T2, L EORE TR HTGF-beta  superfamily(Z 3517 2 KDELEC AN A4y
WHEEE UTHERET A2 L 2R,
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TRATREEZ U NIETL SICL 377 = UESHZREREME DR
VEEHON, 2E R, R

YERRE S » BRI, 2ERRE S« BrRBR, SERE S - B

B DOTFaCH ACICEIR T D YR RITALT 2 A T X, 72 AT DNA,
THEATRNAKORRA 722 R ENSIRDBEARIRTHD Z ERMBILTW D,
INHOEAERICEY, TaATRLEICHRF S TS BN TWNS, L
NL., ZOBEEERNTER SN DR Z OREREIC OWCIIARAZR SN L, 4 HF
RETITIINETIE, TRATIMFET DI EDRWMESNTNDHL X NIETL
SETEATDNAELIIRNA L OFEEMEMIT LTc, EOME. ZORE.
T L SO CEKEHIZEAE S TICHFEL TWDAT X =y« Ty s J U
VTR BREYIEE AR G GREE N, 7T = U UESEERERMICT e AT DN
A+ RNAMFEALTWAZ ERHELMNCR-T-, EIC, TLSETE2ATDN
ARNAF=ZSFEEERERR LGS Z ENHLNC ol 2B ORI,
T ATEEEROERICT L SHES+ 5 AfErtEZ2 R LT\ 5,
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T A VALY A TNV OFIRAEICB WO TRAEDEN., BRILEDHRE,
WNIBZROFEZ5| &R o3

BRI, 2O, ISP, P, Y2 R A

YERRE S« ANERMFHINREDT « S A A = R, ZERRER - B - A

TOR (target of rapamycin) & 5 Z /X7 X, &2 TCOEREYIZEEITRAF S
htt)ﬂxvﬁw/%+~?f%5'mm Tl R RO A 7 E Rk A4 T AR
MBI HRICERTAEE 2> 2 L b, MR & iR E O THh 5
WA %DT%#% CHERKEHEZH-TWLEEZ LTS, £ LTA
FEERCTHEA L TCWD T34 L ITORY VLM ET @& 28H, BE%E
WO R OHIHIFE DR IE, Fm OHE & W\ o Tk x T EmBIRIT B % 5.
2T ENMBATND

FLOMIETIZT 7 U 77 VAT LTI/ A T RTORY 7V IZE
THaALR—=F FDOWL DOME V., TORY 7 F LN AT MIF T 285 4 fi B
THZEEHNE LTS, ZIUIEMWICE T 298l RiafE a7 &
E.’) . 77070 /)‘ ﬁ:/b@%ﬂ%@%ﬁi BIFATORY 7V f#H3 5 =

VI AR EOWHIRAICEBIT ATORY 7 VORI DN 5 Z & NI T
XL ThD,

FZTT 7V AT NVOGMFRAEIIK L, T3 A T B ZITWVOTORD
BxzHELZEZA, TORD FHRDOSKD U LN E SNz, &5, T
N AV DPRFEARIFIN B AR E OBNNE T, MIZH T /3v A 2 ALBRIT L
> THIEB X OEROOELEORE L EEREHAENGI SR Shiz, i
LOFERNG, T8 A 22 HWETOREIZMHIFAIC K& B bE2 52 5
CERD, TLTTINR=A L UNCEDBTOREN ED L 5 @i+ DR B 2
HEEZBHZLTINODOENEEEZTONRHERDIZDIC, ~M /a7 LAk
ZRWT T R A VAR OBR FIBLEZ T L=, TORER, F/3vA v
IZ L DTORBAFE KRk~ RBIE FRBUEEL 52 5 Z LB LI,

THEDRERMND | EELTHDB T A VUIITORELET A Z L TFHD
B RBEEHIE L, PIIREICKRERI ATV E5 2D 525,
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=7 | U EFFBE DR ER OB~ — 1 — 5 T ORR
UE T, MR, L

SR - BEER -, 2K B -

=0 kU RN 3 B EORIAGMIR OGRS D1, RO MBS R, eidrs &
xR ENRAET D, FEREABRICBIT D8MEARICITZ A T2 v 7 okl
FEE D, Z< DOGE, MRHEESE S FORBARE — OBRET D, &
[EFL7= BT, Ca? EAFEDBEE S+ THHN-I B~V AZHEE L. BB To
FEUZDOWTH A La—R & B THTE21To72, TORER., =7V MU RIZEBW
TN-1 BAY AIFAMEE R TS BBLL CTWD 2 ERGn D A%N-7 R
CRAMBE R D~ — B — Il D AREME A R LTz, S BIZ, BiC3HARME~ ¥
ARG EPUF(CSA)VHUA 2 W= g e taic L v . =T b U IRAFlg CHICSAHLAR
PR SRS BB L TWA Z RO E o, A, =V b U IRREIIEME T
DN-71 R~Y & HICSAPURGEFRBUR DIEBL/ N Z — AN DN THET 5,
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EWSIZ & 2 77 = VU SR EER AR AE D AR A

VAR R, AETEAR, PR S

YERRE S » BrBR - (b, 2ERREOR « BRAIE - S A, iR - B - b

T ACRFEMITBE D D & SN OPAEKIF DT v A TR0, T BE T DS
THENREIR DELSNE, REREN TR D 77 = EEE 2R L., ERNTE
MR E AT 0H N THRINTWD, ZD®, HigtE & FEEE D BIMR 2 fiFiH
THY—LE LT, 77 = NEEBEDOENEZRETE 20 FHENARD L
TWD, UFZE=TlL, 77 = WESHE S Z 737 EHEwing’ s Sarcoma (EWS) @
TNAX=-Z Y-y (RGGI) FHIEAN 77 = o PU B SRS A s &
LZETD2HEEREL TS, LnL, RGG3 N7 7 = IUESHHEEDE %
R TEDDIIAHPTH D, 2T, RGGID VT = WEHFEAMEIC OV THE
BrU7-/5 %, RGGHEIIT V7 = U WEEHT O/ — T8k & V— 7 R O FEI K AT
L7t atEZ R L, 58870256107 X / ERFHIK & & DOCHRImM N 77 = o DU B
ERF R ERICEE Th D ENRIB I N,
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LB T B AT GEREERIC L > TR B ?

ey o, YilEEs, YNngEry, Y5 R, YL ER, I ERT
YERRA ST R « B - ARTEGERE, 2ERRE IS K - GCOE

LT E OGRS 2 I L T Dk 2 708 s 112, K24 JE o B NRsEL
URXLNRDHZ ENMESNTND, ik, (b EEZHRE5T HRHICL - T
RIS EN BRI D AR A /RIE LTV 5, & 2 CTHA L, BETOLFEWE TH
% BRI EHEIRAVKFBFED R V[a|e L (BaP) &£ T Mbam & L THW, &5
B OB L DB OBLIC O W THE E1T) Z &I Lz, £7. BaPD
FEREEAL TH DI E H LT, B RE & MRE BB G L T\ b i8R
FDOHWIHI Y XL ZREFIIBE L 72, 4ERBIEL L 7=8i@lis O IEMEC3H~ 7 A
ORI A, MMM TR L, S L 258 T0RBELY ) 7 L% A4 LAPCR
WX VHIE L= E Z A, Cypla2<PAhR, Gadd4s 2% DRBNTEE /2 HNFEHL Y X
DR EDNHBH L7z, —J7. CyplaldFEEEIZIZ, HNY X AR LA
ST, BUE, BaPO#& GEEMH 25 2 TYORRE OFRIE CH b/ MEFIEEIZ D
WTRFIHTH D,

P-25

RNA KU 2 7 —PERPLY R Y — DERIC & 2 B O AN E AR
W OFRH

TEERE, ARG AR, RS, PRI

MEMK - 2, ARTK -, RN - H TR

BRI, PUEWEICREIND IRIEPEMOERE L LT, MAEMEE Fik
@fﬂﬁ%&ﬁé%ﬁf%é.%of,mﬁﬁwﬁﬁmﬁiﬁﬁﬁﬁ%éﬁﬁ
TR b AEWE AR 2R KRICS S UIERT 5 2 &1k, HobriE o & ER A
BIZBWCTEELRBETH 5.

WHRE I ED RNA RYU AT —F (RNAP) RV R Y — AR 2 H- 4
% & BAER 72U B PE I L TR SV D 2 LAV TV D . Fali i~
X, BUEWEAEFEDOTEHEALDFRD DIV R O RNAP ZRERC U R Y — LK
AR CTOMIEEFEITIE, RNAP U R Y —ANERITENTND Z &2 R
L7z, &b, ThbHDOERKTIE, PEWEAEGKEL T OIS THEX ik
A DOIEBDNFF AR TRIBIZER LTS Z b ZEx1bdT-. BIfE, Zh
SOFAZE 1T RNAP ZBHRL Y R Y — LB X 5 R O HiAE WS A e
MALKERE DR 2 MRl 2 Z L ICHD A TV 5.
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BEEEHIRITEER T B ANY T N H T R ENTR Y H T ZAOITE I BRFA LR
AN i W B R

BRI - BB - AW

— RN HARTROND DT ADFEEIZ NV T N TAENVRY T AD2
R THY ., ARG CRL ZENTE S, BTN ER M L LAk, A
B LT, MENADZ L > THERELTWA, §ETHN T, BEHIICE B
Fradif L, B ~BaEd 5 (BlEE) (o3 L TSP EMMTEIZ Y 156 5
e/ NEUTIRREZE LTz, £70. FEBIEICI VT, IhE > TV D EERICHED (8
523) DRI LT & & ORIT 3/ NI IERE & KT B BRI OF A G
FECHEl LTz, AEHR. N T DT RINTR Y T AT, B, FEE
SEHR & HITER/ TR DS Ko T2, Fio, RITFBABEIIE. NV T BT A FE
VRN T AN ARBEFERNEL 2o TE Y 2EELL EOEMIZIR > THATHE
<TpoTWa, ZXUT, ANV T "H T RIANTVR Y BT AN A_BUEM: L Bl
NEL, Al a=r—va VEEINEWVAEEEEZRE L TV D,
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ERATB MR A TV 2 U >~ Y MOBERELCR: (AhERIBMLZIEIC X 51
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e T

L EFHEE TR - FET - WA, ? BRI TR - AT, ° R - R s

[E—

% < OWEEFEDOREIREZDO DTS 25 Z OFTENZIEMER) 2 B 23580 5 T
5o T T, WEWSL Y 2 ~YOlEE TN AT MEDOMIZ ED X 5 7@ N
HDHONEHLNCT DL, WEOMEITIC, MFLFEICB O TR F R 2 Pt
T5REDOEDLY NIEHINTWD 2 U NEER &2 1283 5 AChEM ML 1E %
i L. CSREEISEE F CAChERSMEML D45 Ah & JERE & 2 bhifss U7, HEDRMTIL,
AR & LA B AL DHVC, RA, Area X, LMANIZZ < D= = — 1 L )3 < K5
INTEY ., HVC, Area X, RAIFEANMZIERSH DT> THIECTH - 7=, D
HVCIZAE Y T 2 EAL I I X BR 72 PR AR & 13 ERE T & 97, £ 7-RADER & I
EHERTRAK CTH - 72, £ 72 HEOHVC & HEDOFE 24 E3A7D AChE R4l K 1 A
DI BEBEEIZ A LTV e, FIZ, WL DNORMENL T, MIfasEE DY tahe
JEDNMEECRE S B D Z L AR LT-, S%ITHER SN-MgEER, k)
7R IMFSBRE DIEN 2 [ L TV D DR L7z,
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Ta gV DFADFFEITEIOMABE KD M X 12X B EL
URE R, A

VST TR - BT - [EH Y AT A

INESDOEFAITENTE VG X L BV (KBS N5, 1D OITEISUIRIR
DI L A2 BET 2T, 852 AT LA E SNTZBEEN O 4 A A
AQENE & HISX 2 2R L, AR T L EFaikE Lic, 2nfilie LT
A A L IEA ARG X 21T > TV D oodEhil & 38 /1 T8 2 £ 7o Bl &
AE L IEE RO & 2R T AR 72 - T3040 MV IR L /R L e,
Z LT, Bl EHIE X ORFERE T R L, HIIBXIZOWTIEE HIZ 7 4~
N ROH T E ORHE A FRNT Uz, WY OBEEIZ OV T, Bl - 55 D0IERR
$ﬁ%%%<\%%ﬁbwﬁuiﬁﬁ\%%%@@%z@@uiv$@@_9@
{7gofz, HGZITOWTIIA ADBYH /7KL D AADEREFOIE S B—E D
TR RN RS R . BEBHIN L, F72, 7%»?Vk’iofﬁﬁ®
7 AL =R TE, RBUETFIIC, £ OEIBICEER A BN,
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WIS RO T b v A T REERIENZ I S M E SRE R 7 OB &
B, OORREL, SR R TR

il PN R (A S 201 F PN

P A TIX. DNAERIALIZ RO RNE Z 5, WEEE— A TITHRYE
RINTRRASBL S LD, = DRI IZDNAB B A B 7= WU S By 722 o b o
ATHEETIDI VB THDH EEZEZHNTWD, ZIVE TOMTN G, HEERET
1L Z ORISR 1338 7 = 2 B VISNZIC L > TWeelB L UOMikL ¥ F—+
DORIEMALTHZ ENMETHD EEZ B, £ Z TWeelXxH—Y 275
CdrlE L Cdr2 F— B D & Zfight L7z, ZOfER. Cdrlis LU Cdr2%-—+E
TR SR R e v b a A TSI G- L ne B 2 bhlc, Ll
DE . ZOXRBEETIZZ < O BV CDNAB LA R 72V CTHENETT 5 2
kﬁ% JE oy SR R 70 2 b e A T REIETZ I DNAB RS LB 700N T & D3R

I, %it/FHXT%L%@ BT HWeeld L OMikl 37— D1l
% BLUDNABEROEE 2 S LI L TV TPETH D,

31



P-30

YA R EEREARE & R EE R B R T MGD1OAE MR L R R BT
“m%%m ”<#t HS

YERRA S - BR - B8, IR - GRL

FEVRE O AR BRI THRR I L 0 K& S BApy | Bl S TidEicy v
JEE CTHEE SN TCWD DI L, ETRELZERET 7 24 FIETIIMGDGS
DGDG7: EOHHEE R FHA SN TWD, TS DOHEEILZT T a4 FIROKERES
BUIMATHD EEZ DI, EBRIZT T 24 RIEO50%% & 2 MGDG DA [k #
ﬁL%%Mmﬂkﬁ . HEEEEIC S KR BEEL G252 ERMLNATND
& Z TR \_@M&Mﬁﬁ%@fm%—&~%ﬁmﬁﬁféﬁ@%ﬁ%
%6#K¢6:&%E%&L\&Bﬁﬁ%%%mkvﬁ~?~%ﬁ%ﬁokoi
T, xRSO o — X —fHkAGUSEZ T EME L. ET UVEMTHDH v
B A XFAFITEAL, HANLRKIZ X0 RERR A A 157, F7-. MGD1i3400bp
VL EDIEFIZEWS JEFERER 2 FFON, COEBOE S 2 A2 -7 nt—X—
TELGUSEIL @A L, YA X T A FITEA L, 5 DOFERIK L
WAL PR BURIT I DWW TG T 5,
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77 = NBEHEHEEICREET 5T F FORSR

E AR, 295, SRS O, TR R

SRR - BRER - LR, PRI - BR - AR, SRR - AR B R

T = BB ISR T D m S T = N EEE S D L, T
T = NESHESEILT v X TN VBB E LA FRICEE R ETH D
N, ZOEEDLIIAHTH L, 77 = NEEEDHKEZ 5729121
77 = CMUEER G FRAHTH 5, BREREITEIC 77 = o IUESHE 4
RS DA 2 & D H o Binfemyc T, BFAUMERALT 0 U UFFER
TMPYPAIZ LV 77 = WEEHEE 2 ZE(LT 5 2 &L T 7 = WHEEFEE N
FIH AT 5 2 &b ol BUIFSEE TIL I IVE TICERGCRNAR A BIFR
% & X7 'ETranslocated in liposarcoma (TLS)D 7 VX =~ Y -7 2 B
FNE ATERGGHANS 77 = BB IE (AP RAICH S LLERT 22 L &
%ﬁbf%to_@ﬂ§@7\/&mﬂ%x 27T = N EHEEICR ST 550

DOet I EZ1T - 72,
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Anabaena sp. PCC 7120 DZR R Z BB T 55 7 LDNAD X F Ak
T, PR

UERRE R - B - AW, ZERRK - GRL

FEAWCTH DT /2327 7 1 7 Anabaena sp. PCC 7120 (LLF%:Anabaena) 13,
BRRZFMHTITBWNT, —HOREBHMBRNEREEZITO~T B A ML
T5H., ZOREBMIEE~TEUA NMIBT DS ) ADNAD A FIALOEAS W E T
B L7=E 25, HLNREVWABIEINT. 20z &L, FEEHD S ) ADNA
HEREIGE L TATILORELZFRE L WA aEEEZ R LT, 4% TH
BAEMTIIMERINT I oz, Bl REHATSIEZBNE LT ) LD ATV
(LTI TS Z ERHIfFEND. & 2 CRIFZETIE, BRI & BEE
L7e~T By A NMIBT DT ) LOATFNALORRESRS A FLHEIRBEEE (MTase)
DRBEZR LR, BRERZIINE LT AT I TOND 2T L=, $£77,
BEMTase DB R MR ERLZ L TR Y, b Z2 V=i Rz on Tt
WS L=V,
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B RIS AR B T RN B A D fRAT
YT RS —ED

YERRA G - BE - 2B, ZEE K - GRL

T U E GBI AR EITO EMDF T a4 REZIE, 2EOHERY
WEENTNWDE, ZDHIBLDO—D PHT 7 M P77 Y & u—/IL (DGDG)
I, OGNSR B AR E WG, AR T 2&EI 5 )
7o TE TS, LN L.DGDGD ¥ DFEIENEE TH D Lo TR,
% Z T, DGDGOHEIZ A EEZ I HC T 5720, DCDGAEMMOENRE &
BEHz D LR, £, HMIE T > #ESynechococcus sp. PCC 7942( 24k &
B R OPEIRE & il RypfP A E A LT, ypfPiX, 77 Eu—ic /v
T— R AT D RS 2 T %, ypfPEARK DR SRR A T L= & 2 A,
B CIZA SN WHIT- R B OEMPHER X2, Ziud, A L7ypfPH
BRI ras T Y e — (DGICDG) &%z bil-, BifE.
5 NI EEEHA CDGDGA kB F B 1 & ik L, DGIcDG2’DGDG DHERE
FAFHCTZ B2 BT TV D,
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KEF;2 L7~ Anabaena sp. PCC 7120% i\ 7= B L& W DfFtT
LB, PEEHOE—AR

VSRR - PP - B, BERRK - GRL

SOIRMEZ LT & D Anabaena sp. PCC 7120 (UL FAnabaena) (%, ERF &2 &1
B CHE R 5 L O REMIANEH R S T2 IPRE L 72 B3, B A SR R 2 4R
295 & —FRORFBMENEREEREZ FFO~T 2 v A M2 E L, K&EH
DEZEFHAHED LI D 2 ENMBN TN D, Z DR FIEZRE DE M,
Rk & 2o REHRIE I S D Z LI K o TEU 720, &5 ToRpuaRERE
MINENND D LBz HDH AWZE Tl ZBHRZIFEEH B L O Z 54 CTAnabaena
ERERE L, REFMFICLDERE & MERNICERT 2 HBIEEOEN
B LTz, 77— A A= HWIZEROR R, EDOLDORMETHEREED
EWTZRONT, 100572 0 I EEKS0QgOEEN S LN, Z 2 bHELAEY
L, sl v~ N7 7 4 — (HSCCC) THBELT- & 2 A, RESEM
DIFEWNZ L > TOL DDDENR IR LT, AFHE TIEZOFEHIZ OV TG
o
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7T B A T IR BT D TLSOMEAREMZHA
LK, ? TR, ° AR LA, RS

SR - BEER - LS PERRR - B - AR, CRRREK - BR - SRR, MR K - B -
ez

AT v A 7 i CTelomeric repeat-containing RNA(TERRA) RG-S 1TV 5
T ENHE SN TEY, TERRAIZE A R DA TFARIZ L DHEEMHIC, 71 A
T—EPHORNALFEATHZ LIk > TTu AT HEEEL, Moo
MBI > TnD E PRSI TWD, ITF, MRERITIC LY 7 7 A 7 55N
(ZTranslocated in liposarcoma(TLS)23MFAE L TN D Z & 3R S iz, YHFZE=E D
MRICE > TTu ATDNADEKT D77 = NEHEE S, TLSHHEST 5 2
ERHLNT IS8, T u A THEICEBIT DTLSOMRRIIRIEARHTH D, £
Z CH A IXTLSHTERRADHR G HIFHNZEE 5 L T\ 5 & & ML 2 v TRET
L7, ABPNICTLS 2B EIFH S 7 D & & ODTERRAD FEHL £ % WaE L 7=k 5.
PR B X CH TERRADIE G IIEMAL S e~ 7=,
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TERRAD R ELHE#E D fF A

MEKBRA, PHHER, UENRZE, R, PR

YRR - B - AL, EERREOK - BEER - AL, SRR - BREE - AL, SRRSO -
SRR, CERAR - B - [k

T 1 A 7 A9 5 TERRA(Telomeric repeat-containing RNA)IZT 12 A 7 D

WEEZETHZER, 7aAT—BO@E 25 LR THEINTNS,
TERRAIZRNAKR U A F—FIMIZ LD T a ATDNANL AR IIND N, £ DiLE
HREIX R CTH D, BRiEA % 2 X7 BEWS(Ewing’ s sarcoma)id, #ABRENIZE
WTT 2 ATDNANTERT S 77 = U UESEEE IS AT 52 BN LNE R
S TWAH,
AL TIITERRADFHUZ 1T HEWSDIEREZ 572, & MlaFIZEWS
ZIWEIREL L, TERRADFILE DL ZMRIT LT, ZOFE5R. EWSZ PR EL S
B2 ETERRAOFEHENEM Uz, ZOFEENG, EWSIZT v X 7 ighko 77 =
VIESHICHEA L.RNAKR Y 27— U037 1 A 7THEKIZREAET 5 2 & TTERRA
DOFRBENEIMLT-EEZ LD,
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TLSEhnRNP ALTEEE T D 77 = o TN EGHHEE D ffsT

U TR, 2T, PR

YERRE S « BR - (b2, R « BRAINE « A o, SHERC - B - bR

DINZEBACE DD T 0 A THEICR LT, 78 XA T7DNAWENRT L /T =
VUESHMEIE X7 2 A TR RICHERICE < IR G 2 © 737 HhnRNP ALIZaExR
BNTT 7 = WNEHEICEAS LRLEL ST EENTT B A THEZRET 5,
Fo. THETICHEAIZT 0 A THEBICRET DX R BTLSIN T L ¥ = —
TN =7 v BE R EE (TLS RGG3) T/ 7 = WESICH A L E(l
T5ZEERELTWS, FfhnRNP ALE TLSOVERN THEAERZ B T2 Z &
D LML ol & 2 TARFZETIITLS EhnRNP ALIEfE FickBIT 5 77 =Y
PR 2 AR L=, ZOfE . hnRNP AL, TLSRGG3 & 77 = IUEEHDNAIL
BHEERERT D Z LRI, $72, 2O L ED 77 = NEHESE #CD
ARG SIS X VM LTS, 7o F 8T LARNIE 3 5 AT "V E RS
ZEDBHBMNE ST,
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JNT KUY v ORR AFRERRIC RIS 2R

BRIt N N Ov AN (7 S I O A - i = e 217 QI (s SN R A
AR

RIS - B - ATEARERE, PRAACK - AMIfRHE - fEREREY:, IR - GCOE

TR MU R TH H4-0HE21X, ERNTREERF ) AARICHL S,
DNAD 7Y UM%k & | DNARHINMAZ ARt i7" &L (AP sites) 24U 5,
T, X URARGETRE TAR L72TEERERIC L V8-oxodGHAEL D, ZiLHD
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