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¥MBEHOEE Developmentally programmed DNA excision in the dicyemid
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ABSTRACT

The dicyemid mesozoans are simple multicellular parasites with a long
cylindrical axial cell that is surrounded by a single outer layer of 20 to 30 ciliated
peripheral somatic cells. They have a constant cell number throughout their life span.
The axial cell contains a single large polyploid nucleus, intracellular stem cells called
axoblasts, and one to more than a hundred developing embryonic larvaé, whose
development proceeds within the axial cell. Here we demonstrate the appearance of
extrachromosomal circular DNAs and their fate during early embryogenesis in Dicyema
japonicum. These DNAs are highly heterogeneous in sequence, suggesting that they
consist of unique but not repetitive elements. Potential ORFs were not evident in the
elements, implying these DNAs are unlikely to have a protein—encoding function. In
situ hybridization revealed that the circular DNA elements were restricted to the early

embryonic larvae and gradually disappeared as the larvae approached maturity.

Furthermore, Southern blot analysis and PCR analysis using high-molecular-weight
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DNA as a template provided evidence that the extrachromosomal circles were originally
present in the chromosome. Based on these observations, we propose a model in
which large-scale DNA amplification and rearrangement occur during early

embryogenesis concomitant with germ-line and soma differentiation.
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=NnA Fary (dicyemid) X FANTEREROHEROBE/EEFOBH L TLHEEY
THb. ZNAF2I3SHMREYTH LY. BOTHMZEREZ DS, b H 2040
HEEEOMIRIC L > TRRENS. BERHEA 20-30 EREOHERNE (peripheral cell)
DPEGED L I, —DDARELHHIIE (axial cel) ZIYBEA TV, K MK
FIZEBOAL RERBEOKICMA . BFMIE (axoblast) LIRIh % ERIMN & R4 B
D% (IE) BATWAS.

—F. TOEFRIIBMCTH L (Fig. 1), BEMICHFMRAEEERERITIC L
W&y, BRBGE (vermiform) 2EL 544 )b L. BFMEATEHIR (hermaphroditic
gonad) ~FGELIBL T ORI EET. HHEMIC L D HHBEIGE (infusoriform) %4
LAHZODHA IVHEDY. =N, Fa7) (ZHR) ORI, Chb“HBEOE 724
ReH9%E (BF) PRONLILICHRT S, WRAGELBRT 5 Eb 20 % EER
(nematogen) . MBS %R Y 5tk 22t H (thombogen) LIEE, {AGEHE

Fig. 1. N Fa U DEER
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DEL D L HRERY A VO BbA LELDNTEY. WRAGERIETORE
AT, HLVEECEETALELONTWS, |

B, LHLH0BADREOLBRIEMIATEITL, BERTUME. Bl )
DEABHE N, ERMRUSHIAREITDRV. FOREREICET HREREIR
(chromatin elimination) A3 MEHRBINTWLh. FFRBIZOWVTIIFRPEL T ¥
THD, KMETIE. =/N{ F10 Total DNA HIZHHI S h AR &y Bk DNA L3R
BREIR L OBH DIZOWTHENS,
KRR UBE]

ZNA F77 total DNA HiZid, EDKF 5% didHED 100-500 bp Ditatksi Bk
DNA BAFEET 5 (Fig 2). HBIL 725K DNA 8%, HIREEE (Dra) QBRI ¥

Fig. 2. FENBETHEMEBERIC X 2 REE&NFIRDNAR
Scale bar: 100 nm.

ig Rhombogen

Fig. 3. DIGHE#: 7 10— 7 B\ /zin situ hybridyzation I K DERDNABO/BE. A
CEWEMER (BRI . B () OFRIZFEER (g FMEL, TORLIZRE
SEE DR, BARMICRN > THATVNS (KVRENEAZKRIZEHE
BASENTHMELTWS) . B DAPIICEL2E30ERBEE. C DIGRH/NY —
. OIHE () KERBBWI VISR EN, RENEDIILEN> TS VT
VIEBEL< BT, BERZRIKE  $i%) DREICEI THVEBRHEHh
720, pe: ARHIRE, pn: RREMIRERZ, ca: RIE. Scale bar: 10 pm.
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Fig. 4. BERDNABREBOET ). A BHEHNEOKRFEERNK. 8-16MHAIC
BNTHEEMBERS & AHERRFIOMENEZS5. B DNABIE-HIRET . R
ERRICBNTEERRADOEKIIBNWT, REHK LN STRIREE 2 TDNASE
XaEhs.

LEZO—=U P EFN, SRETOEIA 20 70— OEEETZRE L. 2
BHE b ObDIRELN TV, LL., Wihd AT-rich T, R\ ORF HFEELR
WL LY UNRZEITA—~FLTWeEWnEEZ bh b, W 2HhDT7a— DV T,
BEEL -3k DNA 895302 W inverse PCR %17\, EBSZBIR DNA L LCHE
LTWAZ LEREL CW:, ShHDKIR DNA OFERN 2 T—~T & LT in situ
hybridization %{F-7:& 25, Bk DNA OBEEZRT S FHIVIEHBIRICH DR R
Xhi: (Fig 3). LA L. SEOHETIZHEWL, 8-16 filRMEBXLHI AR THIVL
RACELL., RESRTLREOHEAABHIh AEHP. BiCBShi-gE. ¥
RO GEBECiE2REEI N o, COFHRIZ. RALLHHBESE

(infusoriform) DAH 5187 total DNA HZ|[THIK DNA HABEINTWVEWVY o '
LbEIFEINS, LidoT, ThoOgaib sk DNA IREBEBIZE W T
BRINABOTHAI L H S, ARiIREk LICHEEL TWAWREENRBRINRL
D, ROFEZHWTRIEEL /-, BIR DNA OEEH| % 7 11— ST FV3/z Southern blot "Tid.
BHR DNA 25R$80»S 7 HVLACEA FMISEw JHivhmiidh, /- BHEHL
15 FHetatk DNA %358 L L7> inverse PCR 12 BV TTFEEINLAX L0 DNA Wiy
MREI -z, ZOEEIIEIR DNA CHY TN RAKEICHEETSZ &%
RLUTWS, ,

DLEDKERMNS, ZNAFaUOREMBREICENT, REKBERKREEXSNLER
- DNA BERERIN, IEORBICEDRNWHETEZ ENERINEZ, ChFEFTHOED
A2ENTHORIR DNA OEAERFICHEMSIZES, ZEOXTFNEFETH L. in situ
hybridization IZBWTHRRL =94 (B DEFHME) o VFHdsttiahiahoz T
EMS, Bk FIZBITH I WEHAIEINS D, TNSORRFINKER
F| T BHalREH IRV, Lo T, BAVHIRKICHIT 3580wV FIlid DNA DOHiE%
RUTWS, T DNA WEAUVRINAFHAM (4-8 MR 3. AR E4HH
ARG OMEMNE Z R HICHEY 5 (Fig 4), EEB, N FavizkEodass

—173—



KEDEFREEEZRIHR, AMREZSEEZITDT, HIBOEKICX> THREL., £hKZ
EBRVEDETORMEMT., TOkD, BMIROBO S5 THEEMBOBIZENT
HEMAEREZ > THWIHESENSSD. LALAZNS, SRiiEs L TERIROKRE 2K
R ZFINBRHEINRBRNENWSERIT, —EHES NEFIN., ARSI & £
KHRFDHEZ B THERBERFINSDBREINDILEFRL TS, ZOXIR
FHR DNA I3 4 £ MRRE S TABAHER O DNA BRROBICOBRINTSD, =
N FaTDRERBNTS DNA OHEBEEBEFINEZ > TSI ENFBEIND,
ZOHBOBMEN S, NS FavdEHSRMELL, FEDY L REHNE
Sh<<HEMYELT, FEHYMCHEINE L, LOLEDOE., NS FaUuNRTH
HOBMIIRERERBEIIERLAEZ LRI BENARDOT, REBVERENS
OFERMEMOBWMTHHETHHMNBI SN, BB, N1 Fa U RKELHRLE
KOWTELSBRSENHENTS, JiF. 185 IDNA % Hox-type BHET DA 5=/
F 277 & lophotrochozoans & DITRBRNRINTE D, FEBRELYHTLEXFEL TS,
ER, ARRICHE T Bp-twbulin BETILZRERINICBNTHINA Fa U EZRHE
B BENICABMN T AEERZI SN, LALANS, BERINRETS ZLofiicH
MEDAENRBRBRBOXERLERD RS, —HT, #ERCHBRIDEA A, REZDER
WROBBZIZHA, NS FaVRBIS-AOBERXY 7 L AME, BRI b2
RUFZURF, TR b= RH, 55 ORE. EEY A1 7O
RAESEORMIBFEAEMEODRND ERERETE S, LEN>TERADSD.
INSOBBRIIDVWTONFAEMENZHEREHEDPT IENINAF 2 VDOELLERS
EDIHBETHDEEALND,

[(BExH]
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HEBY N F oy (ZKR) 1ZHTH 0 EROMRNS 25 BEMARZ b DOMEMTFEEOLSMIRE
MTHD, TOBEMBEROZD, 19 BIRICIHE > ZELAMABIZDVWTORFIIVELITREL T,
EWETIR, NI FauOREVBICKTHSRARBEORAEN DNABMHEL, BEMEDIZONT
HRTDEVNIANZXLERSMIL L BHEBR, A FHREBNIIEDICZIO N BRIRTEHRTHD,
PR<BEEB-THT /LOENLULZEDIRATTHZIEEZRLTNS, ZORIKDINA DEEZ insity
hybridization TEBEFL =& 25, FIMIEICBWTRKRICEEL, BAENETTHIIONTLAVIZHEEL,
BRARLUEHEICRIFIEAEERE SN2, T2, ZOBIRDINADNERAR TIIREEHELIORTFELTE
SFDOWNA LIREET DI ENERBBXAOTY L, BEUS NS LZEST DNA SBRIK DNA 2865
ELZ PR, MRALIHEODBEFEORBERICL > TREBINZ. TNSOHERIE, NAFaU0RE
M AR EAMIERFTINMET BHE, 7/ LA DNABSKBRICHEEL, AHBREECESLRNY /LD
ZDWANYOHEIN, BTENBIEERLTVS, CNRFTELABCBITI2BEELBELEETHS &
EZZBIEMNTES,

FREZ, T ERZ7OTF DHBPRE D LT HIRENEBENTERPESMNI TN T I > ZHR
ERFLNINTHREALEVD TOWRETH D, ELEFECHTEZIT ) LALNITOBBEEZHS ML
RTHLESFHMINDINEE DD, LMo T, FHXIEL (B KEITIBoEHEL .
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