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WAL B Paramecium |05 ) LEHRE D H T OWFZEE) F)

Pail =EHp
1y SR FY KL T H ST Pt (00 i ) 707 25)

B TR AEAEMIZE T MRS AN THY, /IMEERIEZD 2 OB AR SRR M ThD, A
PEAERES , T RAE S A4 5B FE CRFEIAY72 TES (Internal Eliminated Sequence)® U]V HL72E? DNA O
TR TH RS ) DS ND, ZD IES 1INT VAR Y DR T 5 KK AE RSO h T ARE — &
ZFFOLOHHY, NI AR B UTE 7 MTIRIBEL TS T2 Bild ThHEB 2 B TND, Fhexld
ZD IES &Y'V L/(Paramecium caudatum)? hb—nap-1 81l TR U EIT - TET2, 2O TIX
ZIVETIZH > TWD Paramecium J&P 1ES OOV H U, &K O B T R.ONDE O BLER TR VA=

BREFEIT LI,
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1. XC®IT

AU, tOBEEEMD 3 SORTHLHE
WA, EA, IR LB AR TR AR
A HZRNLE R DTS, ZORITRTHED
21, MEEEAMIC RN ML, A A5
D EATEME DT D DR 4 7B AT DR R S
MIERICHBRZR W, T, BRI BT 245D
1%, K%, /IMEO 2 B O A RS Ml 2 %4 W
ThLIENFE ThD, RIEZITEME AR ThD R
XS THFEL TODERIC I W THEBE T D14 T,
ZOEREIEVETRE S, TEEZRBL TE AR A
STND, ZIUFZ MY ORI IR Y 75,
—07, /MEIE, BEERBIEMENZEA LR, AMEE
JHCHLPEE RO LWMERTE IR 59 514 C,
ZAMAE Y O A SR EZ I AR S 375[1] (Fig. 1),
U (Paramecium caudatum) DA VEAFRIZ L D42
BIIMERNT AL T2 (2B % D 50-60 F3 K LARE)IC
EBREDARICRSTEHGEICRLND, AR,
FEAH (2n) D/ INE DN IR 7y A% R T2 4%, BLAH () D%
M4 OB SIS, N 1 DTN ITN, 750 3 DlT
THIL CLED, MEEROMIE D[R -LAHE 58 Hid
DOEZ@)DHIIL A ~EBD, ZZTEHIZHALT2 2
DEEE ) PMEBND,, BB O — 7138 EE%
), HH>—FITF I EMIEh, B3 O
O CHIfE M 2B L S — k- —HiiE P iz A%
OFF I LA LA S Cn)Z B KT 5(2], Z0FH
PEAFHIZF Y § 285 1 L > TRAED ITEIRN

MIC

Figure 1: Y7V LT Ol ot

JRA W) R BB AW, REE
(MAC), /MEMIC)D 2 FEFHDEZZFF B
ERAEM THLIEN A THD, RIZDIRE:
IEMETETBEE 2B L CREARHERF 24> T
%o — 7, IMEITE TR BRI EA LTS,
FEIEAERF 2409, BB 4%, FTIRIRD S A3 DR
[ZKEZJFR LTI DNA Ok, DNA DA7Z
A7 T AHEHHEIZ: TES (Internal Eliminated
Sequence) DYV HALIZLDFRZE, 7HATESID
FEMABAEZY, ZD% 102~10° 5O E {5 1 Hi bR
DTOI, REZERD,



IRERRIER B T2HE D, RICKIZIT T2 DB (KIZIR
F) B b3 it ClE, B R EIRDTE RN
b oD Tidzel, FRARHHETO DNA O
i {k, DNA DA FAL 7 ThLEHEIR): 1ES
(Internal Eliminated Sequence)® Y)Y HLIZLDERE
(Fig. 2A), 7uATEHIOAINA T, £Di% 102
~10° fFOBAFHE P TONLER O TND
[1, 3, 4], DNA DAFTA 0 7 BARIE, BEREOEES
RZARTE S D72y MET V[5-T], HLiEAEEMID
e a7 ) UG A FHE RO 73 A=A L[S, 9],
N7 AR A10-12]DAFAEIRE TR A — I -
THONDHRTHD, #MEEHRD DNA AT T
7%, — OB TR TR /DN eHE TS
TiEZ572%, TEH (Oxytricha J&, Stylonychia J&,
Euplotes &), 511 B (Tetrahymena J&), &1 B
(Paramecium tetraurelia, P. primaurelia)< CR/Z
WFFEDMT O TND, ITHFEZ DR Z 8D 71k E
D 1ES DY H L ICBEL TOiREh o0 vigdk
SNTVA[L, 13, 14],

RO B U= Tl N EAEM DO ~ET e
(hb, hemoglobin)D & & UHEREIZ DU THFFEEAT
STV, ZOMFEEED 1 DELT P, caudatum D
EMER R ~E rE V BinFOMIEEZ BN
WELTWD[15], TOHDBIET hb BIET T ik

A

\Z nap-1 (nucleosome assembly protein-1)23F1E T2
Z&, ZL T hb, nap-1 BIn a2 G502 EIOY:
BARDMFAET DL BN ETeoTz, ZNZE DK
Fr ORI 2R E LT RE R, T D RET /
LW IE <[ —O hb, nap-1 WEfs 2> TH
HZE, hb—nap-1 BAR T OHE IR FEARRIIZ
[Fl—Tohon, TORINWERDLZLERLIZ, DFD
REZWT R O MR - RO RSB EnZ
NE LD Z LIV A HENTWDTHS[16], &

(2, BRERSIE, AT &3, BIEHALICIEN.
KAEELS 2 FF e TA-IES[17]DK %A Fi~>C
WHZENR Do, ZILLDRE R BRI —BE 4
BTSRRI Y OURDFAEIT IES D3R IEREIZEIV HE
DNAZELIZESTALTZEB Z b, 28 b3 T
(AL DRETE OB IR LR TR A 12
(ZAFAET DA AR —UOD IES 78, BRI
SIAlET: ZegaesI U NS DN ARE 2= YA 1595 %ay
B L THNDIEDR B TWZNLTHDH[18,
19](Fig.2A).
2. IES DR

Internal Eliminated Sequence (IES) 17T 4 /[MZHF
B THHEINTEHY, Bz FHCEBEBE TN
BRI A3 A UREZ IR LT AR HR T D BR2MU CLES B
FIEERINT WD, ZDOEFIH 7R E L TIX

MIC DNA =ﬂ_§==========ﬂ= =m- - = =m - ﬂ=

Iji =m. - ==m m=
MAC DNA =ﬂ= =ﬂ=
Standard Nested Alternative

Figure 2A: IES DIV HILJ5 ([30]LVEkZE)

MIC DNA (37 /2 DNA %, MAC DNA [ZKE%27 /5 DNA ZRrLTW%, ZEMI75 Standard: #E4ED
IES OEIVHIL /7, Nested: A#L1IES OUIVHILJ7, LT Alternative: R — IES D YIY H L 5 OMEMS X %7~
T TAVIERLH DAL E %, BERR(IR - B )T IES 2 LT\ D, AT IES TiX, BEA O IX Dbk
IO AEZ T, IR— IES DA TIE, PR EITREEDONThoEET,



AT-rich THY, 1ES DRIl o (IINANL SRS
WL AR BLAI & S~ 7z Cis-acting LA B MFEL
TWDTELHBILTVD[14, 17], SHIT IES P
FNERT AR RIS ZFFOb OB il Sh T
5 [1], Paramecium J& <> Euplotes J& @ IES %
Te/Mariner N7 AR A D Rimld S & Ff -7
W, ZORTARY D RIEPOELL TEIZH DT
bHHEZZ BN TS, T Klobutcher 573 1997 4F
\ZHE"E L7= IBAF £7 /L (invade, bloom, abdicate, and
fade)E L CHILILCUVD[20, 21], 51T, IES Z YK
THTURXIL T —F PiggyMac (pgm)b 7 AR
B—2 PiggyBac DEAn & EIEFIZELEIL T
%, PiggyBac |& N R, o 2 Tx M
%ﬁﬁﬁ%ﬁ%%&bﬂ\é DDD filiffe= 7 gk, C RKod
AT A BB IR EI O K EL 3 OOEEIC
PiggyMac (pgm) ClEflii=y fglkic B ART Ry
FED 2= AREDTHARRLNLZE, C RICHE
WRF RV Ra VoI AT v ay NS
NTNDZELISME PiggyBac E[RIUR AL A AL
S>TWD, ZDT-O T ARE —A PiggyBac 75
IES D UIBRIZEF L L 7= PiggyMac (pgm)23E(LL T
2EBZBITND[22, 23], ZOZEL IBAF E7 /L

Il e
W

Consensus sequence of TA-IES in
Paramecium aurelia complex

Figure 2B: hb—nap-1 i
FEBNTIE s IO FZER O BS

TTHND,

X FL TWb, ¥ -7 Macronuclear Destined
Sequence (MDS) (% 7 #1 /Y I #8 [F] K b 8 75 &
(C-NHEIJ:
pathway)(Z L > CEAESIVKEET / DE AT 5[24],
IES OMRBUTHKE R TENZEILTHY, Tetrahymena
B Tl B L7 6000 2>FTdD [ES M3 s T [BfE 2 [25,
26], Euplotes J& TITHI 24000 7 FITIZ Tec 773U —&
FEXNDRT AR CRRER SN INFAE T DT LD FN D
CWB[27], £72, Oxytricha J&TIE 150000 2 HTd
O 1ES 3G F B AR - IS A E T D2 &350
BILTD[28, 29],

P tetraurelia, P. aurelia 72 F O 5 — X TlX
Paramecium J&® IES IXE B FNENZ, DN
BETMICTEEL, RO - 551X EfETH
%o U TH REZFE AR T/IME S ) A (REZ L)
DELE 28~30%3810 HE415H[30-34], IES DEX
X P. aurelia T 26~882 bp[21], P. tetraurelia TiL 25
~5 kbp I SZEDHBILTVD[30], £z, IES D
EE, 45000~65000 M FTdHDHES DIV TND[30,
35], P. caudatum THKEET ) MENTIZATHOILTND
D3, NET ) LOFEMTH TR, IEMETR TES DOFIE
BOFEMIIEDEZARHTHL, Fox s P

classical non-homologous end-joining

TAYAGYNR

B fEE RO IES O8I0 L% —
DO—EEEELT-DOHDTH S, WA TH - =EANT)

B S AR RS

AR L, MARIEID H LG 2R LTS, AR kb & nap-1 8 ﬁ(ﬁ%&(ﬁﬁfﬁ%?%ﬁ‘ﬁﬁ@%%ﬂ EIRT,

M T TR 2, m 3D KRRy &2 7R, DU CHH A 72

SYITASRIA TR E, R OVR

Vs s T ERER 2 7R d, RRICARRRIZ IES %, STYIWnS23E L C\b, FRIX Paramecium aurelia C
H BTV BN EESN D = > Y A &R,



caudatum hb—nap-1 BT THRHLIZIES DES
1432~616 bp THY, KIAIIZIEM Paramecium J& &
REREWVTIRONA D372, LHL, P tetraurelia &
X520 P caudatum O hb—nap-1 8151830 Tl
IES AR+ PENTITEES, WIS FRIDOAITFEL
TV, RN TE RSN DIEFE T Z OB AR FF 8
R LRI LA 32T, 3 FEEHO 2R &4
BOMEDW Ky a /AL TNDEE R
[36](Fig.2B).
3. Cis-acting A2
IES ® Y)Y i LIZIL Cis-acting fic 5l & &

Trans-acting 73 DX iE Z"LZPEEK@J%%LTD VDo

Cis—acting BLAIEEFR 1T IES MR DV IR AL
L, GI0H LEAN OFRFRIZAEED, IV LEE R O
a;fzfﬁ%ﬁwmbwwfk IRBE 52D ENHIES
NTCUD[37, 38, E. crassus Tl¥, Tecl, Tec2 EFEE
NDRT AR RRE I DY, KR
RCEREESNTLEI39], 2D Tecl & Tec2 DiiiZ
1349 0.7 kbp DN AERLENAAFAEL[40], EDFH]
\Zh T ARE —ZER DB LS TERY, v

OLD MAC DNA

AR DR A AIRFEL TV B[41], Tec DIV HY
LDV ¥ 7a T RGO 5-TA-3" THHN, ZD
AMEI 16 bp OALEIZ Cis-acting FLF I ESE L 2 HiL
TW5 5-TTGAA-3 BMFIEL TWA[42], iz, O.
fallax TiX, TBE EFEINANT AR ARSI A
BHY, TOMHT 77~78 bp OMNL BRI, 512
ZOHMANZIE, 5-AAT-3" D AE RS 23N EdE L T
%, F1z, T. thermophila T, 1IES DRImIZIZ, BLA
HLESHEARD 8 bp LT ONEN KB ESAFAEL T
W5[43], ZNBIEKREL 2 DDITADRIT L AR
@%@:nl/f‘/hael-l TV NIFITHIENTED
, RIIZ AL T 5-C4A4-3" 1N A 55 [44],
Paramecium J&D P. aurelia TR 20> TWAIES D
FRIHBLHINZIE 5°-TA(C/T)AG(C/T)N(A/G)-3 &V )i
N SARECSNFIEL T D[21](Fig. 2B), D3 &
Y AEFNFIEIO L DY Y 7 a LI /B
5 5 -TA-3"THHH, ZOWKFIZX E. crassus @ Tec b
T RN DRI RAES I TWD RSN E LT
WA[21], BIZ, BREBRSINEIZIZT 7= F
(AT) & & EOI=H T T4 ML FIC AR R R T o A

MIC DNA

MIC

Ptiwi/scnRNA

Figure 3: Trans-acting %)

NEW MAC DNA

Developing MAC

OLD MAC

TIZED IES oYL 5L ([13]K0 k%)

MIC |3/M& %, OLD MAC 10 KA%Z L T Developing MAC 1 KR FE4 7R L T vD, Kiki% DNA %, #l

FRIZRNA 27197, ASHRITIES fEIiZ R L QD KIUFIIH L RV B DL ERL TND, AR

I L—RDEEE S, neRNA BRSNS, #5

KT

e, /INE ) DGR EEUTZ dsSRNA 728 DCL2 <° DCL3
Ik > TUIrE senRNA 234K E 5D, secnRNA 45+

VA I ZHRE ST PiwiO1-Piwi09 EhEA L

Guide strand EDOEEERNBTEREND, ZOE S RIT RS O KEWNICEEIL Nowal, Nowa2 LT

Ptmb.220 =&

L, Guide strand Z1{#i > TEDWNERIZIH D ncRNA EDOFRfHEEA MR 95, ZOR R SEZTE

% L7= Guide strand ZFF OB A RISV TLEND, MM A Z R IE72) 272 Guide strand ZFFOE A

KD D3 INEZ R B AEC A2 D senRNA LTRSS, senRNA A IRIT/ MDD IE £
Sk LE%SE Pgm (Z& > THIBRL WD,

I BN L ME R B AYBC Y T D TES %78

D REZIF I



RE—=ANFEL TWHDLIELHIESILTWB[45],
—4, P. caudatum DY) HLOREIZOWNTITNE
DEZABARYITHD, LinL, Fex ORMLEE hb
—nap-1 38151 [HFEIK D IES TIX P, aurelia SRR
AT &8 BITmV #7728 AHT(73.9~75.1%), 72
23 P aurelia E13F720ZFOYIW mU T AR AL
SNE D BT, 2~6 bp D 5-TA-3' UXILATFR
B 5125 e EAL SR BB D 203 /o730 Tvd, fill
(ZRF S REESN O R E LTS, BI85 1
5"-TA-3 BEFE N =< (~30%/30 bp), ZDNLE IZ YK
RBREFLTWDLIELHALNIZR-T2[36], P
caudatum TIE 1ES OUIVH UG IZID B2 D mbm78
ZRRMEDFAEL < O THEEL TRO2HZE, TN
Z CRED P, tetraurelia D IEAE: IES OEIY H U
W25 2 DL MU AR IERES IES MV HERH L0
DRI ENDE K ZFF > TYAIRD ZERMEZAED
HLTWDISIZE 2 6ND, Zih 2 DO BN
Fx b o U ERE 5% Imprecise Internal
Deletion Sequences (IIDSs)&44 f-11F 72, T4 IES D%
BEITEAE F RIS L TnDEB 26N TE
WEAFT S IBS ORSICE>TlRiE T OFBLEAH
HIL CWDATREME D 8D, 7212800 H U AN VTS
FRIASILCWRUN D, P tetraurelia L1X 700 Bl
ICRIEfE7RBIV LA T > TV D ATREMED &5 E TX
TUVR[36].

4. Trans-acting 731

Tetrahymena J& C IES O YIRS DfEIT MG Y,

Paramecium J&ToH5 P. tetraurelia 72X THEJVHIL
BREOFEHT N ES, IES OEIVHLITIZE HHMEE
Z X Cis-acting Bt 4% 52 .01, Trans-acting 771 DT
TENEETHHILE, ES DY H UFERMEIT RNAT L&
AT BEREZ B> TOD ZED B B LT > TETZ[46,
471, Paramecium J&®D IES |3 R 1# IES (mcIESs:
4 30%)}:#%%%@ IES (non-mclIESs)? K &< 2 fili
FDT V=153 BiD[32], melES & IH R
© Trans-acting 73§ non-coding RNA (scnRNA)UD
B G-I ZD R RAGICHIBR SN TOD T ED LN
S TEN, non-melES (2RI L Tl mclES J:@%ﬁzf’:*ﬁ
HEA TR, 7272, melES DI HUEEICS,
RNA 73 F 3> TOD AT REMED DD, 2014 470>

T scnRNA LD RE7257 7 ThD iesRNA(26~31
nt) S HERR ST V[48], Y1V H LA IS B0
non-coding RNA 737D R 53 /RIBI N TS, 7%
ET26 P caudatum TITHI H UKSAE O AT )3 6 E
STAXNTHDT, [FJED P tetraurelia D 1ES O
B0 H U LI FFOBEEEL
D72[13](Fig. 3), #2E RN KIS /) L —H D HE S
AU, neRNA DM ERSIVD, BG83 MR ED/IMEDBEL
RREWBODIAINT/IET ) Db G STz
dsRNA 73 Dicer-like protein Td% DCL2 X DCL3
\ZE-TUIRIEA, 25 nt £ senRNA DN ERSILD
[48-50], " AEHD scnRNA %y F-IX RNA fi5 & - ik &
VNJEELTHEIBALS Piwi (Ptiwi0l &2 TF Ptiwi09)&
FE A UAMAQEL |25 S 4L Passenger strand % /) fif S
AU C Guide strand (— A8 RNA) EOE AR TEMES
n5[51, 52, ZOEE WD BT O IRRKENICH
53 F & U TR MG s 2 (2@ <
Nowal, Nowa2 ZLC Ptmb.220 :&AL[53, 54],
Guide strand Zffi > TEDWNEIZH S ncRNA LDFH
MHA R T D, ZORAHMHZTEALLT- Guide
strand ZFF OB A RIS TLEY, FAHES
ZZ &7 o7z Guide strand ZFRFOESIRD H)
IR RLAOEE S A D senRNA &L TEBISND,
scnRNA A RIT/IMEDBIE 2 O KRR FENIT
BEIL/ R RE S THD IES 78 kL, BER
Pgm Z#5EL IES ZUIRT LB 26 TW5[22,
55], Trans-acting ?/]\53F RNA (senRNA) (Z&0/)s
BFr AR (IES) A8 S AL, IES 23D HSD
ZOEREIX RNAI L[RIBE TH 5, Cis-acting FLFIZER,
Trans-acting 5y 7\ UKL Paramecium J&TIE 3
~4 BIOBENREIN R ety 2858 %
5 IES DY UG ED LS TODH[56], HiE
Tk 72189 P. caudatum O hb— nap-1 81 F1E
WAZ DN D ARMEL 5 DL EEIERICZERTH
HDT P caudatum DOEIDHLOEEDITH D LEL
WG HEA TINBEREZ S TV D ATREEN S H L
2 TW5, Fo, BIVHLGIZER T2 AL LR
— IES DO \F— T8 Bz 1T 65 (Fig. 2A, B),
FELRA MO IES Fi4y DRESE R 5L 193 bp
(M2-M1), 155 bp (M3-M2) T & 5 [36] ., fthh @

7% Trans-acting 43

)L Trans-acting



Paramecium J& TIiE 90%LL 75 150 bp LA T 1ES
THHIEND[30], P. caudatum D 1ES DY) R 1X bt
BHIR VOIS LR, Fo, DR ml &
B0 M1 Z Lol 35 & 32 bp LOMEW RN,
@ Paramecium J& CIE IES O FEX1T 10 bp HIAFE
BEEEDS ERDHZENABIVTEY[30], Z4UE Pgm 23
DNA ODElE—&4y CRIEMEIZ UK 5720 8% %
BIVTND, P tetraurelia D EREZREIV L &3 720
[33], P. caudatum TIE pgm |\ZXDH N EAMEREIVHL
MRS TWDA[EEMEL FE TENR,
5. XA A
KEEFEAMFETT ) DO SHEMEEEV L T D
JRIRI LR 1R EI% D TES DOBEMERBIFRIZE - T
HEUDHEEZLNTD, ZDOLHEMEZR DB T,
BARFNEIECH BRI THOIL TNDZEE R T
hb—nap-1 BAG TG KRR (%%7/7/@%:%‘%
L72[57). ZD X7y AR H7=0121% IES 23
RIEFfEICEIY HEN 725, CBS (Chromosome
Breakage Sequence)DERIZYLARDW b3 Z >
TeDBIZGAIRIE L DO@E DB S 72D TIEZR )
LB R T o TDTD ZDF AT )5y O YR FERLH 21 8
L, T OHIEASIOFHE%Z CBS X° IES OYI0 H LI
EDRFHE IR LTz,

P aurelia @ IES @ K # B % &
5"-TA(C/T)AG(C/T)N(A/G)-3 £\ 8 M HDWi{ L
BERHN D= P AFFIDAFAEL TNDZ LTSI
WRR72[21], EZTHXATT ) DO KR 7 DS %
WL CARHE hb BB TN RANT S AR LA
5'-TAAACAAA-3"THY, nap-1 &=L
NESAEREEANIE 5'-ATGATGAT-3 T, A D
P AEEINZ @RI ST, Poaurelia O
ar Y ARSI ESHEIMEITZ R O oTo, 20
ZEMMBIDORRIRF AT S3T IES OARIEMEZREI0

WL TAELTWNAL D TIERWNWZEN otz
(Fig. 4),

2 DAEYT, DNA OIS, MLz Foidi
KR XTI A L TR IS AR DNA DU,
EEEBOREICIVEOEERAEROR ki
IRMBHTEWFBITND, Bl AL, ENTIIAL < 729
KB MR, Vo Sl WEE FRIEEC, Yefik
DOWr bz & e R AR BB A E S TV D[58,
59], fEE R TH, KREFE A MR CYARDFFED
BB &0 CARIEREIZ W A AL EE 252DV BT
W5, I CUIWi, &Wh ARS8 08
Z2XFLCUNB[20, 60, FFIZ Tetrahymena J& & Euplotes
JBTIE, YR UM AL E 512 Cis-acting B8 E

5 e CATGCCAAAC AAACAAAC ---------- ATCATCATCA“ EATCTTOATOATE ey 3’
L IR GTACGGTTTG“TTTGTTTG ---------- TAGTAGTAG‘I“GTAGAAGTAGTAG— --------- 5’
hb T ,/ nap-1
P somsososonomont cataccaaac [iffcatcTTeaTcatc - oo - 3’
| —— aTaceeTTTG|ffeTAGAAGTAGTAG- -~ —-- -~ 5
hb nap-1
1Kb
[1 (]
1 1

Figure 4: ¥ A77%5 7 25X

B OB hb, nap-1 B BART-HEI M OF AT T DO IERY %, TBIIFAT T AOR A E27R
o EEROWM AT T A AR NITOIW R 2 RL CD, TEBOWUATZIL hb, nap-1 5 18AsT-HEE,

ELA TS - PR B AR LTV D,



FThHDH CBS NBFEL, YefROUIBHIZITA K
ThHHIENMBILTWD, #UE) CBS LTI,
Tetrahymena J& T W M = v -
TAAACCAACCTCTTT H%<°[61], Euplotes J&D
Yo ROIMTERALJE I RS 4172 10 bp D=t
HAELF(5-HATTGAAAHH-3" H=A, C £/21Z T)
T TITHBNTUVD[62], 20D Cis-acting Fic 512 3%
I, R ERE AL OO ITIT M E R A KT
o5, L, Paramecium J& TlL Tetrahymena J&1ZE
EES \ Z Y AR DI LA T L TN SN s
HHD[60], BAEETDEZA Paramecium & CTlEHs
AR LA JE D TRk O = AESE
ERB S AL TR [45], FEBRIZF AT R 23 D YT R
J&i0% fLCH CBS &V VRIEIPEARF SRS, v
RAFELHS F OB o T2, FATELE O YIWT AL
JED TR ST ME—DRHHE L TIE b BT
T 3 [Bl® 5-AAC-3’, nap-1 BEizHIT 7 [BlD
5"-GAT-3' AN AR BLF 23 2o 72BN Th D
(Fig. 4), P caudatum D% TR A > THRATRS)
® PCR {IEZRAT R, FERIZHELIZT~TD
BECRILF AT R o DFAEA R CTET[57], Yol
DARIEfEZRGI0 L EFRA 12 K> TRIRIZ[FAER D
X AT DETORTAELTZEFTE 21TV, &
HOZENBF AT, IES TH CBS TH7R A<
B OEREIZ Lo TAERIILTWDZENRBEN
D

B SRR U0 USSR 2 PR FF L TV D%
IZOWTITEE LD TR, L, —f&HY
WZA NN 25~45 bp LHEL[63], =F VT vy T
V7 NN 872 Paramecium J& D3 Z 0 Fr L OFAEIZ X
V=728 T EUSECOD ATREIZ RV ICH D E
EZ TS, ARG R LTEF AT R IZIEZ O |k
MBI 7T mE— 2 — A RFFL TW/ZD T,
RT-PCR ZATWEDERGIEMVEZ G T2, 7200
DX AT HR DR B M AR+ D283 T
7poley, BLEREIEMEN 2N ST E WA, IE
W7 Paramecium JBODEREFEY) TIIFE IR 067
(2~65 bplTRY(A) 7 T DN, FATRL
5y CIEH& I RV i 100 bp LANIZARY(A)> 7 F v
Z R LN TE A o7, BERETIE mRNA OF

TR E D LR IR SN D 0 b
TWDHDT64], F ATy DL T FEMS J 5 7045 T
FEM L L TN RSN T L E T2 AT REMED &
Do
6. TEVRT 4y IERE |

X AT oy DEREIEPED RS 6 R O
GHIENZBLRZFFD P caudatum DT =127 1
TR EHIHOMIGE A bR T2, kT R DNA OEf
L REZ DNA OATHON, GuafkotiEll e Es
B2 BRGHHEAT - CDHEB Z BTN D, ik
DIATHIETY, TR R0T T =0 DAF LD
HEINTWD, Tetrahymena J& TIX 6metA (255
DNA EffiNMbNTE Y = 2T 7 IR GRS
FHEL T 5[65], Stylonychia J&[66]1& Colpoda J&
[67] TIEI R v DI ATF NMALDIEZ S, Oxytricha
B CIIRIC K> TRRDIN VN FIT T =0 D
R DHIZIBZ5[68, 69], 1 A2 & Blepharisma
BCIXT T =2 L b D FIZATF AL D
ZEMHIBILTND[T70], —F Paramecium J& TiL P
tetraurelia CKRKEZD SmetC DRAT NAKIZ I VERE
PIEMHAL T 22N T TITHESNTWDNR[T1] ,
FEEEEREDN DI, FIT, Fex L P ocaudatum
DU DAF A RRIL T, — RN ERZ LY
TIET P DATF AT CpG B TREIAZED NS
NTHY, hb Bio R OZFOFLFEE T, 72t
— & —FEI4 D), BISFIE3 DA, #—3Ix
— X —FEIEQ2 IO 19 23T D CpG Bh3d 5, hb
B\InF B IROEEFEMEIIR =0, AF b by
UORRRHENDETALER, BIEETOLZAKE
THIEITTETNRN, E9R0 hb BB TEIL Tl
SmetC DEMIIEZ>TES T, hb BixF DR EE
PHEOHIEICEHEL TR WNnEEZ TS
(unpublished) ,
HIEE

EN I i oA € PN S St
A b =SB4 B R (E IR R MBI OB L
THIEL, MR ERRTEOES BUEAEH
£, TR faBhEd, 2L CTRE AREEOLE
THkRE - RIEL CEEbDOTH D, JEIF LB
#T D,
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