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Zh 16,356bp (x178.1). 16,329bp (x313.0) H LU 16,312bp (x205.3) DESI%1F/. &5
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U, BEEMIE~Y—H—TH 23 H3KAMe3 E&BHHI v —h—TH % H3K27me3 D E— 7 316
ICHHMER G ER PR Sh, Chon O~ F B8P M PGC (CH 175 FSG LU MSG D
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%5, L LAEDWS, KIFFERICH TS ChiP-seq IC & 2EEFER D 5 13, H3K4me3/H3K27me3 »¥#
ICTETE T % Bivalent AR S L UNFDOE -7 REIhEVW IO F U EBHOERB TE 12/
B, ZOMEENEGETFRBEBICOVWTSHEI S ICHEMLBRYLETH 5,

IRTFBE (KZREZFHERNS 514 I IER)
mmm%(ﬁmi%ﬂiﬁ INA FH 1 T2 RFEFR
MEBT (CHAEMRESE NM1FH914 I XFEH)
(
(

|

|

KRN (EMERY / LERtE 2 —)
AHRE (CHEMTEFE NAAH4 I XFH)
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' NAK/Nokh > 0D EEARERAE 0D FEAE 5 El D F7H

E ~NREKFEIE 10,000 AC1 ADEIETREL., TDEEAEDBENIRHERKT 5D T
EELERMRIKEETCH D, ThETIC. W DPDEGFORAZENS ZORERRE L TRE
TNhTVWBHDOD, YFKERRBICASONBREDAH—M. REICEAST IEHOENER. RIEE
A, £5TICZTNSDEBEFROEELS. ZLOEMICEVWTRERRIPBESPICENhTUVEL,
ZZT. E MNREGEETVEMIZHAL L. ZOREELEGFERTET S 2 L. b MNREKED
READZZILEMATHET. EELIRRERHET I L EEASN S,

Helde MNREMEETILE B V)52 LMDRRAREERM T H 5 Nodai aphakia (NAK/Nokh) #°,
DR & DXHEERDP TR E - IS FIREDERIRS S O/NRBRIEL EORH—LERRBEERT
E. XDEELREFREIFF 16 BEBRICHEET I LERELTE L (1), L LD S,
F 16 BLEBHRDLBEDOHEEI AT QEAMONTOL2M4 TERTEEICEVTHERIKEHI B
ShadZenD. BHE16BLEEBAEDMICEH NAK DERKEICEE T 2 8EFHIEET D2 & LA
ENte ZZTAMETIE. NAK & Brown Norway (BN) R#EENR LRXEBEIEICE T2 EAZ N
ZhORKOKEE, &LUTLHRKRIBEREZRI U EEBECOVWTEERTEERL 2, &
RORKEE FIRIZIC L FHEBH T, ChETORBRERBRICE 16 BLEEEHIC, AIRTIE 14
EHSLUV2BLERICI1I6BLEFRLNDHBFVWIOD X272 RTE—I7 M EEHI W, 414 B
BIRICEVWTRADLOD XA7HFRBD 5N %/, REXEBEREZEN LR UREREFE TIL.
16 BLEFRICRDBSVIOD X7 EKRELADICIMAT, 2%, 10EH LV 14 BLEKICHHE
BHSVLOD 27RO 5Nz, UEDERD S, AR TIE NAK (ZH W TEADEIRIKE %
BlEERCTEBDEETE. HIC 14 BLEERICEBVHIREE T2 EGTFENEFEEHREL. E5I1C

1. NAK/Nokh T v b ORI R & =T EE
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RIKESE B8 T 2 EZFH 16 BEEBEHICMA T, 2&F. 10BSSL V14 BLBHICEETIIL
ERERL 72, MAEFWGECS ICEWRH I N - LHEBEEBICH TEIRAZTEE. NAK T v FORIBED
FEMICOWTETEZED TWD, —H. 2hE ThHRNA-seq B TlE NAK ICHEWT Rax LU
Chx10 23U ETHMEDCDREFTERAFICELVWREEDETHED SN, %I T SOX2,
CHX10 & £ U BrdU D R E#BM EZHEET £ T 28R, NAK OMBIRICIEZh oD T FHILDEL
WIBRDHEBOH S Nize SDZEHL S, NAK OERIIE SMRMEBORERERICERT 2 2 & EHEA
L. Th%5| R TEGFERESIEZMEIRRL T3,

AKX (EMEXEFI EWMEEFR)
RAREK (KEFREMEEZMERENEEFTER)
RETE (EMEXRFE EMEEFH)
RILESL (EMERYT / LRt 2 —)
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' LI 1—[CHIIBFHRBEI—N—DORREL.
ENZRVEREBEZHNHR

I I 1 — (Dromaius novaehollandiae) 13 4 F 3 JICRWT2HBBICKEDERETHY. A.
KT, I E2EETIFRBMERE L TGEEIATVDS (K1), DD, FH-—VYT% v
CINZDFETBMEM TR, TI 21— ICLBHEFREBICHEIFEONTWVS, IS, TIa2-
DEBYP SHEI NI RELFMIIVEHSBMEI S, TI1-EFXOFLEEIZFTHL, O
KEEDEMEERSZ LTCHEELREMTH B, —H. MROREMRE L ERLEICLIEHFAE T
HdLEIZ, —FEZRBLVEESZK L5CICHEIEINEEYTIBMEL S, ZOBENHRRETD
O DRRIFHROIFIIRHE LD E R > T WD,

ZZTAMRETIE. TI2—FAMIWVEEREOMENLECHHRDZODEEZY—H—DREE
HATWDE, ChETICEFO6EDYr 708754 h~—H—ZRHWEFER-—VYIII2-%
HOEENZHEEDOFE. A5VIC16BOII 1 —FR~Y1 70774 bv—H—%REL. &
SICHR—Y VEFICMORBICEWTEERE EDBEEN REBIN TV LEPR $ LU SCD IZ3E
FHEEREFOSZSHEMRE L TE /-, BRBB4PREICHERE LAY 70% 7514 b —H—DF
ANz T 2 & & HIC. LEPRBSVSCD DEGBFREAMIWEEREEOEEELRAEL /-0 E
EZ T3,

—F. BABZIhETICIIA—ICHIB3FHH~I 7007714 bY—h— DR EREEERAM
(F 7= BHAGEREDHELICEY A TE DB DOD, 207/ LEHREFIA L ARKEEEZHMAEICIL,
oL EEY—H—DEBPIVETHIEEZIONT, 2T I32—-DF /L= R
F—#& (SRX252417 s LU SRX252416) T7tE> 7L &EfT\. B85 h/E5HL S5 QDD IcLW)~

1. II2-DHRLBEENMEOSVEEY. TI1—-F1)
(A) I321-DlK, (B) TI2—DKETHE. (C) BN oERENLF 1, (D) #1ILER
MeELEXF L r7Emm.

18
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170774 MEEOMEZERAT, ZORR. 10BLUELEDKRYRLEHFT S 253FNIT I 21—
R~ 70754 MY —D—DEFMEHE L7z, SRECNSDSRMERIIL TV E L, &
S5, FANEENEERESTEY—H—21%FT 5 720D RAD-seq B, $LUI I 1 —fEMHHE
BICESRRT2EEFOREREEMNE L7 RNA-seq EMICDOWTHEIEIL THYN, TI2—-DFA
WEEEDOREICRG T/ LEFREEBE L VWEEZ TV S,

EMEEFR EMEEFH)
EMEEFR EMEEFH)
EMEEFR  EMEEFH)
EMERYT J LBt 2 —)

FEBERX
TH &
HEEEE
AILESR

—_~ o~ o~ o~
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' XKV FA=LEFTIVIDACHT S
ERRUBHEOMR

EROEZEIBEET I L52ICH-> T, EE. HRIBAOERILHM - ETH Y. BFROK
NS> TERI LD TIEAEL., FAGHARORAICE > TZOHRMERERICE,I S ETNITE
5BV, ZDHICHK2IE., RERVBIP U SBERRE L TERSIWTEAAERICEBL. &
FEIRE (EvafE SBE) ICL-TERINAEXEZRYy o> RO—-4L (MS) EFITIX
ICRERUBEHRE L. ZOREKH. BERE L SICEATZEREZ RNA -7 > XLk - TGEET
LANILTHBHICET L., ZhoDMRERIITAHZEE#BME LT

EEUREE (B2 atE SRE) Lo TEREINAXAEZRY YIS RO-LETILTIRICE
ERVIEEHRS L. TOMERCH. BER#H S ECET2ERERNA -7 > Xl &> GEBEFLAN
IVTHBBMICER L -o BEMICIE, C57BL/6J ¥ X (5K : &) % Normal (ND) #. 7T
Z2ZLE4 Ty b (WD) B, WD RRIEN—XICREMEKE 1%EA LA (ML1) BE SILoiNy
4—% 02%E& L7 (SFO2) BDA4BICHF. WBOHBAE L. AERMKAICY VX EMHEE. M
RERE. FEEEH L2, MEH» 5> MEEEFHREEER L. FEO—EHIL /) 7% -KE
ER. 1.0%EE{EAXI I LTC_EBTHE. TRFOBIEDIEL THREBTIA £#MERL A, 512,
FFiE» 5 Total RNA it L. TEE NBEE ZAITER. mMRNA 2 0Bt L 7=, BB 3R1E (k) T
FA4 TV EERL, 2hZho -5 5TV 2000 5D Y — REESIZBG L 2. U — REESI
DrR)ILTafTVW, vy ECTEINAEINCKSYBEFORBELZESTEL. WD 2&E & LEEF
RIBDOERELEERL 7=

Z DFER. WD #F 3B SH 72 4) OFFEEEXNEPOFMEER (TG). L X70—JL (TCHO).
a2 —Z8 (GLU)., F%EBER (GOT. GPT) ICH VW INDEICERFEEILSEETRL
(P<0.01). MSZFERLA-EVWA D, —H. KEH -V OTFHHEEE (FEE). PHEEK (TG)
BICHEWT NDBEICLERNWD B TIEEICHEM (P<0.01) L7d. WD BICHENMLT BECILRFE
E& TG . SFO2 TIEHFEE L TCHO THELMA (P<0.01) #RS W/, &5(2. FFEOMARE
PIREETIE. WD B EEER ML1 B, SFO2 B£IC IXAERFELE OINEI A TEEE T & /=0 RNA-seq Tld.
MRETRVICE R (FDR < 0.05) ARIBEEERT (DEG) ICDWTWD 2EECRTAH#SE. ND &
& 117, ML1 & 1364, SFO2 £ 1336 TH > 7=o Zh 5 DEIEZF % H\ . Ingenuity Pathway
analysis (IPA) IC&WISAY T (@B %ITo/-EZA. WD ELET 5 &2 TDEETIRERSIC
Mh2EETFICEINGHIZ e b oo BICREEL TWIEMBEZR TH3 & ML,
SFO2 TE HICHTIEIEBME = REE(EL TV EFRISh, FAFFEOEEPRKEDBREMEEL TV
2P FlIENE (K1), ChHEfEIRTDIE. 25 WD EENEBIRRFICES 2 & &RV
ZEICEN, FEOAA-UPBRINEZDEERDNS, 51214221 ) Vi E RNEMEEL
TWaZEDbFRISNA, MLT1 &£ SFO2 #ERZ &, FFRBIEIFEEE 1> 22 ) VRO E B 5 (C
#FLTHMI ORFHEDBEBRAPKE D 570 5B, RELHTODEG DEEED /-FER £ 541
ICHADZEILEN, ZhZhDBRDI S LI ZETT Do
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X1 IPA COEBEMERD—EE, WD (K Tk HFD) &LE#id 5 &, NDE (KTid CNT) &R#E. ML1 ¥ SFO2 T
&, FFBEOIEEE. FFEOBEEPLPREI NEEEL TV EFRIS h iz,

REREFMEREZER)
EMERY J LB 2—)
It EERAFEFE)
IEEERKFEEFE)
FEEEERKEEFE)
IEEERKFEFE)
BFE BFH)

EREER (
AILES (
Haa— (
IAE— (
LR (
FHES (
REZ1T (
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':‘.:‘.R?/ IAXSOHRENTF FICET 30 FREZNHRA

MENRTF R, BREBICSVWTHRENOMBREEFIR T ZXTFRTHY., 717> >
(defensin) HHEM D 5B & TIL K SHBBEMICTFET 5—H. NK U2 > (NK-lysin, NKL). BT7
1)< (Cathelicidiny CATH) ¥ & U Liver expressed antimicrobial peptide2 (LEAP2) |3 &HEE)
MOAKFETSE LIS, 8- HBEFEMOER. FLAMBEECEFTOSKRMEE T, BOTSHKT
HB, —H. FRLAGCEMTMENRTF FOEBEENSHRME ERERYE - IURMEEDBFRITEE A TY
%5, ZARCUXZIEHAARTHE—RZBILINLBETHY., 7 N)D/N1Oy b= RELTHIER
NTWB, ZZTAMRIIZALIIIOEERLMEANT F FEOLFREFIVENE & D ZHEM
FERREIC L. REOMARMRELO—BEE T EEBHEL TV,

Halt, ThETICRMES TP —5HEICEN =R XS5 D B-defensin, NK-lysin (NKL)
DEEFIEEEASPICL. =7 b Esynteny 2fRB5DDH, ZEMI HBZZEEELLICLTE
Too 51, 2RI XTI NKL I, EEMEEEBO7 2 /BEHIC X S net charge DE{LICERT
5EEZLNB3KBEICHTAIMEZENDEZR WAL, £/, B-defensin ICIEZHEMENI &5 2

1. ZAR>IXZEZT ) CATH 588D HarrPlot f#4f
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EEFERL TV,

AKEEIZ, LEAP2 LU CATH B 2 RTE L 70

ZkR2 X T LEAP2 EENLEEFD synteny E =T R ER—THY) . FEMEREEZDT I
JBERIH T M) E—BLTWVWB I &AL o & 512, 99 BARDIME R MEIR D SHEM AR
DIER. ZREBO LN G P o, ThDSE, ZHKDUXF LEAP2 &, [EEMMIZICEETH).
BEDFEREDP DD > TWVWBAEEMENEZ SN/,

ZARIIXZ CATHSEEIE. K1 IC/RL AL S(2H13,000bp (C 47D CATH WEERL L TuM /e,
%Z 2 T. 51816 D CATH 815 % amplicon sequence (Z TEEM L /=0 Z D FER. CATHSEE D
synteny 3=7 FUE—F LA (1), 5I1C. ZKR>IXT 5EGDIEREEIEHERL L2 5,
CATH2 ICHE W THEFEMEBICHFREZEER E R D 7=

S, B-defensin £ U CATH D Z#;1% % amplicon sequence & AW THEENICHETT 2 F
ETH 5o

GEA—B EWMEEYT/ LERE 2 —)
BUoarks (BFE HBEFH)
FH & (BEX JEFR
FE OHE  (BYX BEFH
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' NGS ZRWehYIAS0DHKEEN Mhe Coja
9252 11B (CjIIB) &inT OiEth

WHAES LBEHEOETEMRBE S ME S Major histocompatibility complex (Mhe) #8182
EEREBICESVTY NRBERADOMERTEEI Mhc 77X 1LV 77X NEEFEIEL O, %r
ICEICEDL 2 EEFHIEBD (EVEEFEETCHEET S, =7 M) TIEMhcBNTARA T ERK
%’ér ICHT 2 E DBERIBRES N TWVSB, LHBIC MheB $BIEA D & EEF 13580V E#EE R

CHB7H. BGI 7L Ly VREZMICEET I ENRELLIChE 22 L aliE, HRERK

’Ti IS5 T 3EEEGEFOREICIEIE-STWVWEVL, ZITHFEESIE., ZT7 M) ERUXIRICE
$35=k>7XZ (Coturnix japonica. Cj) \IZ&EB L. Z7 MU EZKR I XS HEBDOKEERS
MICERERIITERZBAREICL. REOMBERALICEM TS E2BHELTWS,

AMRETIE. =ZHK > X T D MhcCoja #8352 Sequence Based Typing (SBT) (& WHBZE L /-
13D DNAZR <~ —H — TRIM E5EIE : HEP21. TRIM39.2. BTN1 & £ ' BTN2 ; Class II 8
(CjliB) 3 %8 1 : DCB1-TAPBP-DBB1 ; Class | (Cjl) # %8B 1% : DMB1. DMB2 # & U TAP1-
TAP2, K 5N CD1 T%Es, : CD1.1 5LV CD1.2 2 1BE L 12e ThHY—H—DSHEME1ETR
L&A, EDNAZBET—H—DT7LILIEVWThE 8F1FE (DMB1 DA 7#EE) E—ETHD
7=®. MhcCoja $Bi%I3. /N7’A% 4 770wy 7 (haplotype block. HTB) %k L T3HEEL TZE
EHbDEEZOND, LPBICNTOZA THITOER. BEELH S HTB EIEHERTZ2T7LILD
HAEDLENPERIN, $FICCBBEFEEIE. ZOLRD TRIM BFEZ S LU THRD Cjl BB E D
BITHEBEZZEI L TV AEEMP RS h iz,

MhcCoja $81D Cjl & U CjlIB E&{zF&. MhcB 8D &/ NAB]R MHC EMEFRE B O /%7
NOBEFEREE TS EEIMBHNICARAEEERL. 251N TO%21 TRISEEFEHD
EZ2E. Hlb Copy number variation (CNV) #1FHETZZENRREINT WD, ZD-HIREDEE
. ENTO214 TOEGEFIBEXEEETEDHKEMEEAEICTS 2 TH D, Ly LEREIET
DEEEIBOSVEMED D, Y7 70-0F% v ESU—Y—F LI FIl&), ENTOR
14 7D MhcCoja B DEBIZFIEEEMBIN T2 EPRETH > -0 ZhIZKH L. TRTO GBI
HBETIAY— VT, IENRT F FEEERETHBAREHEECIX V280N —-1
%85 % PCRIEIEL., chz/O0—=->J Lkt >—4F>>>J9%2¢& (PCR, Cloning, &
Sequencing: PCS) (C& V). 520N TO%A 7 : CjlIB-HT* 01 ~*05 O CjlIB &z FIEBRD—EF &
BEFEILLZIGEEENZE, EHEGTFEMBDEETFOEFE. 4 5 VICEEBEZFDO CNV R
Lo CORE. BEEHZY 100 o —F > X 2BBICT—22&B L 2P, EETFROGEEENDE

ELVIERICIBET S0, 1000 =T > ADT—2 BT 2UENH D, 2 TAM
®TIE. & CilIBHEBEHONTOR1 T (CjlIB-HT) O cDNA %358 & L /- PCR E# & R —
4 > % — (Next generation sequence. NGS) THEEtT L. & CjlIB-HT DHEEERY CjlIB Bz T8 &
HEEENZEEAMIC L. NG CIBECFRHOEANLEHEAMICTZ 2 L 2BE L,

9. ANEIC K DHEEER CilIB BEMT DB A ARFL T 2 /-, CjlIB TBE A GenBank (2 & §3& &
DONTAZA T MhcCoja-HT*01 (Cj*01) aA>F7 17~y 7 (180kb) &£RU DBB1*01 7L I %
BT 3 CjIB-HT 01 DAREEEFRTHY) ., —FH. ZOMDODI—H—DTLILHFEWCEL S 5@HF

24



NGRC =Za2—2X No.7

EHE L, SEEORBY D /NIRER b—ZILRNA #8581 E L TARD I XV 2 2 218557
FAY—ICTPCRIERBL., 7>7Ua>LI—4 2 RUTL V) HEEER CilIB #4&H L 7= NGS S D%
Bit, 4$770-Z2 712K )KD HEEER CilIB DIEFEESBEICELC DD THY) . #HE LA 50
FEOFTHhIZEWTH, CO1 ICEBINTVWS 2EMDERE CjlIB : DAB1*01 & £ U DBB1701.
&5 U 5 BRI OWME CjliB : DCB1*01. DDB1*01. DEB1*01. DFB1*01 & U DGB1*01 H
KOBEESIFHERIN A, SHICHRELASHEGETIE. Chs 7HEEEIIRL S 5BEOME
CillB Pt & hizy > TANGSEICEY., 77O JICEZRRELEVWRET CjIB
DRRHEFIBETH D EPTBEI N (K1), E5ICDBBT UHDODO—HZADTLIENEL 5TV
TH CjlIBEGFERF—BRLEZENS, Zh b CIB&EETEIE DBB1 O] DNA £3# < —
H—. BTIN2 8L U'DMB1 ODRBAICERIT 5 Z &EHRBEI Wi, SH%. REDFEIC T CilIB-HT
DHERER CjlIB £ RN § B2 FECH D, SHIC. AW CjIIBERTEL =%, Thoz2)T7L 22X
Bt5l&E LT RNA-seq (IC & WE CIBDRIRE.HRTITFETH 5,

1. CjlIB-HT*01 Bk » 5 KRR > -4 >4 — (NGS) LU0 H%TvO—-—=>% (PCS:
Hosomichi et al. 2006) (Z& - THEE & h7=#EE/ CjlIB DHIRSEE DS, $: NGSIZL£ -
THMRICAHRE & h -1IEEES

FBuarsa (BRI JEFH

¥ & (BEH JEFH)
AEA—BR (EMERYT / LBt 2 —)
BARERE (REAF)

e B (REXF)

ME—%& (2RKF)

¥E B (BEH JEFH)
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' BRI Z ALVCHBIERR OM & EDTEERE

BRAAAZ I BE 24 VIR TARERRKO LEMIETH 5, REDMTK THKIMEIEIE 10~ 14 H THBAE
TEIEN DD > THY)KRBFHIEOFERREIRMO LD o120, ESICKBEMIENTFEET 50 3T
Hole —H. ZD10 FEOMEITELE EEMIETIIBRMROMES/ RIEMNICEAL, 7)) T MIFEE
T 2RSS Wnt DHEIEI T ICIFEL. invito ICHEWTHWnt 2 & L TDEERF 5 HAEHE
T MUTIVRTEZRTHMIBEET 2 HE (UTFIVA/ A FEELRER) PEIEIN, CDE
T, INETAARETH - - DE R AT 2 HILELEDOBRENF TEBLIICE 2TV D,

FK4 3, 2007 (CERERFIHORILEPKEERD ICHBORE - BEICEES T 5 Wnt BEDFH
ZCRBPITI2EERH L. 2013 FICHR TS THRESMROEARIVLERE L T3, KEHH
REIBECRLCLIICWNEREOSWVWHRETHY . WtDTRICEETZEZ2/IXVETHS
Ler5 #1Z8 T h ISBMIR 2 SPMTE23EN/ DL oo 22T, LEr5-GFP ¥ X 2B A LAZFAED
ML FICH B GFP BR1EMEZ € FACS ICEWAMUL. FNA /A FEEERATVWS, ZDORER.
RERHIE O HEILED LEMIBERARICA IS /1 NIRERTHEET 2E. Z0O—H THRRICK
RAREMET 2MBEHBEETIEI DD o7 LA L. EDOLDERET THREREY L) ZEE
T2r5E. DEORWVEEFERIETEBEILINATOVE VL, ARETIE. KEFMIED 5 KM
ANMETBREICED L S BBEFREBEEIEI > TWVWEIDLE NT XV )T b= LEFICTEAS
PIC L. R LGRMARMEFEROBEICFEILTIEEENE L,

FETHDD, REAIA/ 14 RiEEDay 0. 2. 4, 6. 8. 10, 12, 14 D&FEKRA1 > N TRNA
i L. SMART-Seq v4 Ultra Low Input RNA Kit for Sequencing (C & V) 522 & cDNA &5k & 1
BE1T- 7. B 5 N7/ cDNA % Covaris S2 (2 & V) ZMKr L. KAPA Hyper Prep Kits for lllumina T>
177 &ER L 7=, lllumina ¥t ® HiSeq 2500 (2 &) 100bp D> > FJIvY) — REESI 218 T, &fx
FHIA & HERICHRT L 7=,

N E TICERDEEM & Ingenuity Pathway Analysis (IPA) (Z& % Canonical Pathway ##th % 1T
W EEFREBEOEL 2 HEENICHEAN . ER2HEFH 513, Day 0 » 5 Day 2 DEITDELEFR
HOEEIPKEWEFFHRINE (A, —FA. IPADKER,»SIEDay 0 »5 Day 2 DEIL Y H
Day 2 »*5 Day 4 OB TEEICHIS W TW3 /XX 14 (canonical pathway) DZEEHAKE L., ZD
ZLPEFELENTVWEEIG D>~ (KB),

SEORERE Y. KEREY—T+ > UEETIEICSLN. BRICEEFRE/NZ - PE1L
TRIEDP DD o/ S KEMREOMHEFPHMMECEL I GEERFREPEERFH2ERL. in
vitro \IZH W TEREFARE S S UBRMROBE EMEEZ I PO -V TE D LI EMRICL TV E L,

26



NGRC =Za2—X No.7

ABLUHB
A ERDENICL S EREARTOEGTFRREE(EOLR
B BT 2EERICHSTBHA/NX T 1 DEME - NEHIEDHTE

=17 (ICREMRFE BRTEBEFH)
Peihua Jiang (Monell Chemical Senses Center)
WILES (EMERYT / LB 2 —)
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'5—7 S ) V2V VBRIC & DDA R MIETE D 5 T s

D ADEBRBEEIRIEAI»IZEAERVEBEETHZ P, DRITBRL L ZOHEHE - (L2EED
HWENBEEICBE - TWB IS, FRE - REFAE VW) BA -G BRI TVE, ZDED
BEBEEDERABEILEENATVIY, T2 - ZETEVD L BRMIERFIERLELAE I TVEL, —
B, EMIIEFEETIRRTI/BTHY . ALXY NIJOLZEDT b T EO—-IEEHOLEAER
KTHZ5-T7I/LTUE (5-ALA) %235 T 3 &, HAMBBEENICALRERETO MNRIVLT ¢
2 IX (PpIX) »EETEZENHOSNTHY . ZTORBBRIEAIKEHFESE (PDT) (CFHIAS
hTuwd, L L. PDT 3 BBEORE L B CEERSFISERATEAVE VWD EEI H 5, F4
¥ 5-ALA (& 2 BHIERIERADORIREM 2 AREI L. B4 DE M AMBMS L UEEMEKERNT
MEE L =R, BREOH AMIIFRICE VT 5-ALA PBE T CHIREE 21838 5 2 & (ALABESHIR)
ERE LU, $2Z0. PAMBAIC PpIX #EE L. BHT THRADEEESRTE (ROS) 4K
HHENT 22 ENMIEEEERNBRTH S ERE N, &5, LT ALABESIR 2R 1 A MR
Frid, HAATYIRRICEWTEAL NIV THIEELY ALABHESIRER L (RERT—4%), 2
D& DIC5ALA WBHBRFNCEY) 2B EVWO MR RIFHATHY) . FIRDEHBEE - PDT OEES
*FEIRSICEERT DOEM AR TR 25, BRICALIEY TEREHFEEN S,

L LGNS, 5-ALAZRINLTH PpIX 2 EBET. ALABRBIRZ RS AVWH AMENKD &
V). MRTEIC & B PpIX BTEX ROS ERH FHRIEDEVOREBAIVETH DD, ThoDAHZX
LIRS Z 0 FICRHNIEIC LY PpIX BB EZR TROS HERE N 3EBII KM TH
%, 42CEWVWDBEICEY) PpIX PEREMEINDZ EIEFEZICCL, PAMBRICIEKED SN S 3
RO R 7HREPEFERDER 7 U TREHEMIC ROS £ %13 L TV 5 a]EE1%. ROS fRx
WCEEHIEFEHIMEI SN TV IAJEMENEZ SN D, Z I TAMRTIE. ALABHSDIRISED
ERTPAMBEMEICEVWTHE NS X 7)) 7 b= LB E1TV. ALABEIR CHET 2EF.
BICI b2 R 7HEEE - EFEER - ROS RREMEEZICRAD 2RFDRERETT- 7=

ALA BEHIR 2R H AMAINE (HepG2) &R HLH AMEM (U2-0S) %. 5-ALA RIS &
REAIBDEED 4 BICH T TEFE L. mRNA MY - cDNA AR E1T- /=%, £MEERYT / LR
e 2—-DRMAKS -4 > — (HiSeq2500) ZF\\7/= RNA-SeqiEIC &), HMENICEREER
LEB U 7o 5-ALA RIS S OREANIBOFECHEE L THEEZIC2EUES LV 1/2UTOEY &
2 EEFEEMNML. BTV 7 by I 7 &L TIngenuity Pathway Analysis (IPA). Database for
Annotation, Visualization and Integrated Discovery (DAVID). & £ U'PANTHER #HW (75— %
B EiTo7% £3. 37C. SALAEFIMOBEREZETICH VT, U2-0SHRICENRT
HepG2 B2 T3, BMERY ) Bt - TCA BIRICRAD 2 BETEHORRENS S <. MIEEAR - p53 >
FFIBRICED B BEFHORBEEN RV EFRE N, RIS, ZhZhOMBEKkICHEVWT, &
BEEZGT & ALABREMGET (42°C. 5-ALA G TORBEDOERI AE VERFELLEERL
= (B1), ZORER. MREETHALEET IRV, HIREEFEENCEREFZEHL TV 2EE
FHAENZEDNDD o0 EHIT. ALABEIIR 2R T HepG2 T3, MEZEHR - p53 ¥ 7 F LR
ICRh 2 EETEHORBEENEAL. BEAY Bt (FFIRSH) - TCA EERICRH 2 8ZTFE R
TEHDICHL T ALABEINEZ/RE BV U2-0S 2 T3, p53 ¥ 7 FIVERREE - FEIRSHICRIH 258
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BEFREPEAL. MREABICELIEETFEHIBITEIIENRENL, ZhE5 L. ALA RS
HFTICHBNT, HepG2 TIEMEIESE® TCABEOEEN KECETTE I &L, BIEETNS
CADERFEESIERIL, ROSHARELXR T LDZIDTREVWD EHESI LD,

1 PAMRICE TS ALA BEEET COEGTFRBEEETO7 711

ALABESIR /R HepG2 Mg & /RE B LW U2-OS MIRZICH W T, BEEMET (37C—ALA) &R
T ALABBEMHT (42°C+ALA) THEEHN 2L EE A3 1/2 TICEET 2 8EFHERT, &2

BRHE. ZhZhOMRTHENICEBREL TWIEEFHNDOI S, LUE25H2 DIEHIEE
7s #RPEtERE,

FTEEHR ICAEMMER N1F¥1I2FEH)
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' BERA TS Y ORRERRO T LT E EDRIR

BROSHEMECELERAT I 20, RERKI -4 — (NGS) 2HVWTEROF T2 V&R
FOERFIBGET-> T3, I, BEOAFEBTHI2EMEDOSHEM L ZDEILERREHRERT S
2, ZLOREDPSBRRICEADLZIF T VEGEFISEFBEL WS, BRIEZDEIFEL. —
BOERTIIEBEDZFEENIEASPICE->TWVEY, EEFEEEDERT LI I T2 > DESIHER
SRICENTVWEV, ZO—DODERIZ, EROAETREBEFEI/ »H NS DETHEREITD
DIIREETHZI DS TH D, WRDY L H—EKICLDZF TV EBEFOIO—-Z2 T I3—EICHEDN
LBRRETDHZEERAETHY ., BEEFEI LD EIC. BEFERZFE TN HD, L
T. NGS T® RNA-segenceing (RNA-seq) T HBEMICRIDEEFEIEBD2ENTE. ZTh
WCEWFTI LB ZRO N, SHICKRBEDUBEHRFICITIIENTE S, NGS £{FE - 728K
K OB A T B AFRETET 2720 DFEEHILL. ERICERELP S AT UEETFD
B ERT. BBAKT—aN-IpoF T UEIERYELEZHDEEDE, BRA TN
R CEED—IRZBAS DT B,

SEEOHRELT. RHBEOZVRREBZEANICHEML A, BRIEIKIN. 5. RERD3 4
1TDFTIPERELGH>TVWED, BRTEEFT TV PRI >TVEHEL, e, wW<DP
DRRTAT I L EHERLEEZAH, FITURNITEFT D EBDNWBEINERDIZZENT
. X5 I—-FEBOERSSIVT7I /BENEREL 2. ZOERIEAVTARXT —42~N—-2X
P S5HERRERRLEZECH. ALREEEDFIVEDERDEFF 7L<y bLE (H
1o ChIRFIFTURIPEFT T 2RbTICHBRITVWIEVNIZEEREL 7,

—7. BRICRE L THREES 282 L THEUEOSWEINRRRDP S o/ 2hoDZ E
DPERRTHOH TDEA T 2RO RIEEEI B,

SRIE. TOMNILYDFRTOREFT T L OEEX, BROBEF TS 02K&E2 R30I
LTOEDLNIVCHERETIZEEEZ TV S,

K1 73I/BENTOREF TS >N
DFRIEHE NJE)o F7IT7> b
NE. L2272 RER2DODHE
BATVUEBEEL . Haxy: 73
T hTJ, Amel: £ 3 I VN,
Msex: Z/NTA XXX H

RILESR (EMERT / LERE> 2 —)
REFT (BEHB BRFEM)
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' FA4 XA MY F 1D OFHHIEHICET SHFAE

AAXI AN F2 VAR EECEHRT Y
THIEXR T X ) A KREL EHABRTIRILEL 5%

L. 4 XRA LT A, TXXED AR}
EMDIRICFEE T 2IRFEMERRO—TET T,
TAVHTOMEIICED E. 44 TEHEEICHW

TRADBNERE LTSN TVWEIERTH
HY)EFT, ZORBOFFHE LT BEFICIE

SZAPMEFIENBBICED N ZIRETLIEDIC
HFEL TS Y AREMAROBILIRENE
WCIE L THIET 2808 IFohEd, Mz
T. YA BMIFShARETIE, ERIMESED
SWEHBRIFORELR EICL BRI EH L WE
HO—DELTEZLRTVWET, FABIL,
BAXI AN F27OMbEHETE &
ICE > TRIRRICIEIL TCO N EWD EE A, RE

BHEA XX RN FaIPEDLSICL TR
LT 20H? 21D ELEETIE@H, ?

EEHSDICT B-DICHREEED TWET,

BETTCICALZIVR M2 F 1 9OBILE BA XXM F a0 (E) ERMELA-ZH%R (F)
EMEELT, JUT/IILE EVWOWE
AT EOREVER. RESNTVETH, ZOMICHEEEETIMEIRVEIhTVE
Bhoe ZZTCHELBLBENE 2R DI BEDICTIANTATIV—LKNEA IV A ML F2
TOBEERET IMENDI V) - T EFTVE L, ZDER. W DL DILEW & LIREY
BEULTBIIEPHE BERINAS DIEEMORLBEFEICOVWTHEFTEED TVE T, B
FDEEHMDOH T, BHIAEEMARBIA I DI ML F 27 REBEER IS EFE LAY
B2IEDHPIPNE L, T/ IV LESIINCMNERE. B4 FETSETICIARELET
3205, SEARVWELEIEEMAIRT IS /I ILEL ERREL - HHEETHIEE@EL TW
DUEEMNEZONE T, ZZTIEEMAHBLLE TV /I VLECEMIEBL, 441XV bt
CF OB EETREREEHE. RS - Y- BAVWTHENICETT52 & T, k4
MAET)Y /T LELORBILBEERDEVRIBILICE L 2 EEFORBIEEIDTIE AW
PEEZEBRETVE LA, MEREEZBAEP THVIRBERTORRICEES>TVWERAN, &
AZXVRAMELFaATREELRY /LT —EN—IPARAIRTOEWED, REFRXS -4 H—I(C
L BEMERIISEOMRICHIFEICZLDHMAEEEA T NBZIDTREVIP EBHFLTVET,

REEE UCHEMRZER NAFH1 I IFHR)
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' FF 213N =32 FHRBUIE
HEDIRE X b L Al 1D #ZEH

S EMOERPNEICAKZLHEERIETERGINVIATY, HERFETIE, 22 30FD
BEFRICKY, B THA/NERP MY EOTIVICEVTIE%HNENHI LEERESNT
H1) (Lobell et al., 2011 Science). SHREXTEL-EBRHHK AL LETH. EYOREX b L XM
MEDRRER, BN OEHIENHFZOEELCRBEINTVET,

ChETICEZLOEMERICET I FLANILTOMEDN, EFVEMOS O XFIF &2FhibIC
BAohELE->TEE LA BRBX MLABEICEAL T, MEICLADERFEOM. MEsd5T
B3ZEDHERZIEFETOASLELY, BEESOMREED. W DLrOEEMEHEN P EHS
TWE T (Higashi et al., 2013 Molecular Plant)s L L&D S, Zhbld, HFICHEERS BV
EFNVEMDOMMEA D ZXLICEAS T2 EEFEBEALLEZDBOTHY ., (V) HFEREEHRL T
EVILANNICEEEF > TVWBDPIRIRTT,

—7. BRACESRICH L TED THEVMEERTEMPFEELE T, 2OL D EERICEVR
MERTEMDA A ZILIIFEEICEKENDDD, ChETICEBESLPEINRTVELA,
oo SEMMEICOVWTERWETIVE B ZMHMEEMB ARG HY) FLBATL

ETHRICENT, > 0O4 XFIFEFDIEEHEY) Eutrema salsugineum (LIT E. salsugineum)
p. BR ML AMMERE. BRX ML XX L TH, BMEFLNILOAE ST, ML NILTHIE
BICEWHEERTZEEBELS»ICLE LA (B1. 24) (Higashi et al., 2013 Molecular Plant) o
E. salsugineum &> 04 X+ X+ ERElHk. WBMEI NSV, EFRIF I B ERV. BFZEELE
BERICAKTHEZRTIEDL. DO XFIFEBELNILT 0% LEDHERMZRT I & D 5 HEE
77 LEEfRDSRIBE T (Taji et al., 2004 Plant Physiol) s & 5(Z E. salsugineum & 2012 (24 /
Ly—JI AP REEINLED, BEESDEITHREICE W T, E salsugineum BEDZEE
cDNASA1 75 —pn1E8l - RS hB5E. A PLAMMEDETIVEEN E L TLELSHAEICAVWS
TW&Y (Taji et al., 2010 BMC Plant Biology) . BT, I D5E®&k cDNA Z AV T, HEREERE
TEMII) -7 L THES N, Full-length cDNA Over-eXpressing gene (FOX) hunting
TV, THEM S 2 WESERMEMSEEFORREED TVWET, IhE CICERMMERFSEET
E LT, BERF TsHsfA1d ZRIE L % L7/ (E 1 : Higashi et al., 2013 Molecular Plant) . Z D&
EFOEMANDISHEEERT 5 -0, 1BEM b~ b TH S Micro-Tom ILEZFEAL., T2 X
JIZy UMY MEERHLE LA (K2), TSHSATd EZBA L2014 XFXFICHEVTIE, %L
DERA ML 2AFEMEGEFHROBECTFRIREFE TS LT, aaMEPEMLETEZENPRASLE
BoTWETH. P MIBWVWTDH TsHsTATd PEERT E L THEEETZDPARNZILEN H V) £
To ZZTERMETIE., TSHSATdBRIFIB RS> AT 12y 7 b7 MIB T 2EETFRBHENEB
BIIC. RNAseq #f7\W %7,
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1 TsHsfAT1d BAWEM IS FFAEREY &b L T
=R (42°C 70min) %#/R¢

2 1EIEM b= b Micro-Tom (2 TSHSTATd BIZFEEBALE NS XTI T2y VHEY

KiaiEiE (CHEMMER NAF¥41I2IFEH)
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' EIDVEERS v A4 EREICBITS
RRBEFD S RA2Y T b—LERHR

oA ERERERBRETZFIAMOEN T, £ E 4%EF (2n=4x=48) T, 16 DI
MANSI—OyNSNEAONTLEBIEINE LAY, BENDEEERSHRATERIE7
FALY (2014 F) OEBEPO—DEL>TVET, BATWEMN250 A b 24EL. ZTDD
5N 78% &BETEEL TVWET, ABOREEZATE AT+ HM EOREIE. BICHEICK
EEFTELERIFLELU/ 2 1I9OHET7IILT L RIZEWVWT, DvH1M EBROELENRER E K - /-8
BErEZLEHTT. MHELTOEEMEN,S. DrHM1EDST / LOEGIE. ZDMREDR LXE
RaEORRBICKIDEHEFIN, €4/ LEHIE 2011 FIZTERIATVWET, Dy HI1EZD
PR (R : common scab) (3. TIERMIEE CHIA ML T MY I EXABEDRBEICE>TIvH
1T EOREFAFICER1 ~2cm DA E RZROFHUPI TR E W 3EMRECT (BE), % 51K
DREGHFARICESh, tBETHMEZEH ) ETHRIEABD 2 ~4ENREFBHSN D
EINTVWET, ARIE, 1 EDPRNEX TARAETENDKEZLET25|ZRITHNOTHEHLY T
ho LD L. RBRIEEBA -MIAY+HI EOERMELZELS>ZENPS. ZOMKIVLETT,
oM EDEEMIRTHIMEICUMT DEMEEFLCTIIMIBBEDFEO—DICT v H1EZ

M1 Z520RERS v H1 ERE
ZIPRISRERTICH S REZRORMNEL 2HEMRETH D (), ERLEREOHE (AL) (I
ERT. mROME (BTF) TIREE (Pe) PIEEL. RABOINIEORENESN D, /1.
ZOTOEE (Co) DMMEHIWUDICHEATWDS (L1 T TIL—%8),
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IMRDERE EN HIF. ThETIC, TFEPHREPHBEEDIRICLWEEBBICEVNTZOR
EEDRICHE T BRRREEMILL TEE Lic, —A. T2 PROBREBIEDHERIE. L1 TR
LRARRP. MHRMEREDREL EICOEPF BRI H ) ETH. 2O PREDBRICHI v H A
ERDE L INTEREBEFOEEEHEN DI > TVEEA, RIRETIE. ZIPRICEELLED v
HAERZECSWVWT, EQL D LEBEFHOBINERIELTVWEIDL, H$BWE. EDL D BHEIR
FREOBEPUH SN TREILES>TVWIDL ERREGTFEMBENICRAETS A7 U T b=
LEMICEVBAS PICTBHZEEBAEBLTVET,

NE F (EMEEFE EMEEFER)
SHEE (EMEXEFIR EMEEFER)
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' HRZE RS IEBADERE T FHBENR
—HHFBRIOITIb—

2011 £ 3 BICRE L -HAeh A AT EFHE L BERPERERE V- - KBELB| R L,
WEDENEZ T ED BRI EDLIICIEE LD, ERNEMET —20EEE BN E L TH
WEESD TE T

SEEMNCHNTHFIOTIVA L IHMREITRSINZBIET. tO0-X3I 7071 TVILESR
BL. YORRPRIECEICEAS LTV, ¥207)IAF—+t (AaXEG2) %R £ /-4
BMARTZTld, EHOLEBEEEKFELRICE -KRY . BEKRESSEZ & HBRARTZ TELD
RABE. AREBRUBREER (tan 6) B/NhELh ol 2O EPBXFIOTILH L P FHIIRENME
E523EEZ T

ZITRTZICHEER U AEZENETHNICEZ. RT7SOZEDICEEALPICTEI I EEBHIC
HEEXZ— U7 HEWMEHCIE. N1 Ty KRTS (T89) &7 FEZEAL

XoOJ)vhF—t (AaXEG) #RIBI B /-HEBA KT T3, BEEGBETHREL - TOERHET
MEERTBFEMRESTICFOOTIAL 4-B-FIVAVIIT R T T—+F (ACSLCA) XiF
6-a-F>OYINKIILIXTTT—F (AXXT1) ZHERILLHDIE. EEGETERBLA, L
PLEHN S, AICSLCA & AIXXT1 2 £RBI€/-HDIE, BEGHRTHRE LK 7=

B/-2ell. BEMRTIOUVZIE A4 EE 6 BOMENER)ETERETREI LS L. 68
BLAICX O IVA ERBREEIIER L, BFIC, ¥200W0A2ESLED2EEHAS
XET EMPEAL 7. ZEOTRIC PHIXXXG 5525 &, REPICWMAEhBZ I ENPREN, 2
HE., EE658OMEENE 15 9B, RICI5EEFLZRVELTRBEIE . ABBOX>OT

EE6BHEHTICH I ZRT S DIREEER
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WHCENKIBICENL 2 X070 ADOEMIE. AR DRBEEAEEICE - TH, HEN
% 4,6-Glc DBITEIC L BFEHD X FIEDIFICE > THEBH S iz,
BEKRTI7O0ZIEZ25H. EEG6BEEMETICH TS mMRNA DBEN L RBHEFE21T- 7=
KRR - —2BVWEEEFREZEN,L S, X207 H24-B-JINAVINNFTLRT T
Z—t€T773IV, 6-a-FAVINIIRTT7—ET7IV, ZLTXATIVACXTH T 7 3
DEDRBEHIIBRL =, 5lZHiE. RAMARFFFREDOWHE £ 2K - EXEY DIRIRICE
ERFLANILTEHELOAICTEZ E%#BIET,

o BA (CHE®MER NAFH14I2IFEH)
BES A (CHEMMER NAFH1I2IFEH)
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'7’/7 JINOFVUFICH1T S DNA ERGFIEOSIRIEEL

Btk EZEMREDOT. DNABREBEMEBETI L TRPTIEN TELL, EELTOERT
T EREMTIEDNAA EVWI M Z VI — 42— 2 NVBFEELEERAEHHMEAFTH Y. dnaA
BEFEREY / LBEHRINTVWIEELTORBENIREFINTVET, 2OZ &L 5H DnaA
1&77H) DNA B2 FBEBIIEEP B <. ZOEEM B TEVI PP Y ET,

PTI/NTTI)TIIH SO EBERNICHE LAEEASNTEHY, KERICK ) HIEKICHD (HBERZ
LS LEEBEMTT, Y7/ NITFUTIBRVWER &N, ZREERETE. £ 3ERE (O
TN T THAMREREE L THE) NEEEL, BELTVWET, AARTIE. COSHEEDT
JNTTIVTEICENT, BERBREBORFEEENLE L

Z DFER. Synechococcus sp. 7942 #ICHWT L dnaA BIZFHULEBETHY) . ORZEY EF
BOBEEEAS (oriC) » 5 DnaA KEFMICHIRI B & anr ) E LA (B1A. WT). LD L.
dnaA BIEFERIEBUAEZERFICS VTR — 47 > X & FH T replication-sequencing #&#h L 7=

1 Repli-seq BT DFER

HeEm I RS - > ZBEFICH B — REDOHEMETH ).
TRTOY—F () O 100kb/ BOTANL —J 2RI TRT o
A) Synechococcus. sp. PCC 7942 (LB T2 ERTH B, KH
FEEFABEETR L. dneA REBHRICS VW TR ERRBRSICT
FAIRPBAZIN TV,

B) Synechocystis DEE#kICH 1T BER TdH 5, dnaA-box %
ECFEIE NI oriC B E KEN TR T 6
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EZHh, RRDERFRSERELZEHEL SBEELTWBIEPRASLELYELE (B1A. A
dnaA-1 XU AdnaA-2), & S5ICFHEMAEMBTOER. COMELERFBERKICEIDST /NI T
DT7HE-STVWBETIXIRDNAVBEAINTEY, ZOEEMEABEEZFIALESL WS E
Harh)E LU

KICHIDFE (Synechocystis sp. PCC 6803. Anabaena sp. PCC 7120) (ICHW\WT. FHEICESR
FIIAHMB DRI £ 1T/ 2 A, B2 &I, ZO2RICHEVWT dnaA BIEFIIDLATIEE L, &
S5ICFR &N~ DNABEEBRBAE,»SHEELTVWELATLE (K1B), M EDKERIZ. DNAE
SRBREOEEM. FERAMERRL THY., ChETHSNhTWVWBERKEND DnaA 2> /X7 8
&IFH9 % DNA 1REUHEIE & 3RS 2 ICER L 2B RBIAEBOERE IR L TV E L,

AR TIE. DnaA 2 INTVBDOUBEENF ST /NI T ) TETREKELDZEEHALPICLE
Lo F/o. WBMOERBEI ST /N7 ) T7OMBAREICL > TELAELZEEZSNTVWETH,
ERAEDT / LIZIE dnaA BIEFPZHZHBREINTEST. £AEMOKT / LICH dnah Eir
FORBIERDOP o TVERA, UEDZ ENS, HEH & DnaA EKTZERI A& DNA 1R ELFIATEE £
BELADT /N7 )TOE PHBEBARECENEZZOTIEEVWIPEVWDITREEEZRIELE L
7= (Ohbayashi et al., 2015, ISME J), 2D & 2. 7 /N7 7 PRERERETO DNA HEEH]
EHABEDEVNE LR T D2 & T, EREOEEICED E TOEEDBREF S SICBELIPICEDZZEN
HEFEIhET,

X2 AHREED
AARTHWN =T /N7 )7 EBET ZERMAED 16S rRNA BEHIIC & 2 R & ARFICEY
BAS D ICH o7z dneA EEFORAMERT, ERAEEODLTOEY (ERET / L. &7/ L)
(2 dnaA EEFIERESI N TULAEL,

ISREMRIFEE N1 A3 1 I XEH)
ISREMRIFE N1 A3 1 I XFH)
EMERYT / LRt 2 —)

JCREMFIEE NAF Y1 I XFEH

AHEERE (
B g (
(
(

-

Iy K
=/EX
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' REEEHERARBREICSIT DA PV ABEE
R R T 0REERET

BEOEEId. BiMEICLIHBREBICL)TAbh 3, EEEREG. BBEOMEELICEET
57—/ TILTE RRKEBERE I NEETI2EFEERDBZICLZ3 IR NNLFT—LHDO—
BTH3P, ZhiZHEW, BFRAOI 2/ —ILidB{E I h TEFBBICE ]S h 5, EFEEE L. CDHEHE
DEBICLY), BHHUICEICERADIZ/ —ILXEHBOL O GBI ML XEEMERTFET I EER
3P, OMEEELY, ChODLEVTFET CHRIFLEFTERT, Chid, BEBE, D LS
EMEICE - T ZRIINABZIMLACHLTMEZEL WS D5 EEZLSN, DI EVEFER
RERIDKEAEREA>TWAZENERHIN TV,

BFEEOC DL D HRBEIFX ML IMMEICOVWTIEELADBMP E I TVWEY, HR4ldDFI+
RO HLV TN S DFHIEERFOBEOEEAD SRETEMA TE /2. BIEE TIC. GroE. DnakK.
GrpE. CIpBENEEL AT L v+ RO LB LU T h 5 EETDEERAREF RooH DEFEEFESC & 1T
BZEEMERESHICLTVS, BAREIC. MOEICH LT RpoH O _EFRDESHIHREF & & &
NTW3 RpOE ICDWTHRERT 2T-oTH Y. X FLIBE YT YEFRICL 2 REIFX b L X
MXHZZLOEEEERASHLICT I EERAT VS,

RpoE [ oFFH Wik 0 EBMFIEN, RNAKRKU XS —tEDY FYEFD—D2TH 5, —#RIZ ECF
(Extracytoplasmic function) Y7 ~REF& LT, MBEREX ML AMICHEETHI S hTW3 0,
fAFEE BERL TH Y. R CHERIEZTEICH T 2 MRROFELICEAE L T3 2 EPRKE S
N3, XREFORRIE, O ITYEAFERGY ., BELANLUVTOHMEICMA T, 7>FLIYEF
XRTLFTFVIREAFEN LVABELCTRESIH BRI TVWBEZEPHSATHY, 2D D
5 HARFOMIPERICH I Z2EEEMIHEEIND (K1),

1 a-78F7FN77YT7ICH S RpoE DERRELHIH
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2 A. pasteurianus NBRC3283 #4° / s D rpoE & & VS ERFE=FEDEE

Acetobacter pasteurianus \&. ZiE G BFERB COREEBESICHVWONIERME CH D P, AE
ICHnTiE RpoE E=D21FTEL (poEl. moE2). 7/ LEICAZFLICRBEELTWS (H2),
ZORBICIET>F - ToFT7F O IRAFPEHEDEIAF X F—EDEEFH. —5f rpoET
tTND/%ﬁéﬁkTéﬂf(“ﬁE%bT:ﬁU Zh 5 DREFH»HEE L T rooE ODEEREHIE 2T TS
ZENPBBICFEEINS, ZD% % RpoE D> 5. RpoE1 H@E D RpoE ICHY T2 &EEZ S5 h,
RPOE2 DHEREIC DWW TIEFKRMTH B, H4ld. AEICH 5 RooET1 DEIEFRENZ DV TR & 1T
W KEFD, FICEREBEOEBRBREESZETICHV T, BEROEBRRIIEELEE#HE ->TVS
CEERHUA, 20 2hiz, OKEFH» —#EI7% RooE & L TIRES C L ICHA. @QFBE TIEXR
BLTVW3RpoS (EEHL IV ~YEF) ORBET-o-TWdZ e, BLUVOEEELX ML IXEEY Y
YEFCTH2RpoH ZEEXR L TWVWBEVWSIEBHBEICEY., FBICZLDEGRTEFHHL VWSS
EICEBEVWHIZEDBEERRL -, WEIR., ROXFT vy 7T ELT. RooE1 WiEH: - B#EICKE L TW
B2EEFEEFRNICBESNICT A E B E U, rooET BB AR L T, Hf ERIBEHOBTO
HIEERTFDEWICDOWT RNAseq ZEHWVWTEM21T-> T3, FIHR&EY . BHRNCEBRIETE
TEHEED 5. B - RIEMEORBEICEAECIEGETIZEBRIN. Zh 5B ETOHICIE
L RICRoOE EAMDHE 7O E— 2 —EIEHODLDHEERINE, ThICKUEESN
RpoE ZEE T DEEFRICIE. X PL XCEREEEFHICEE S AVWEHABEFIEETNL THY.
BE. 2h5DEET % RpoE1 RO E#M - BiEE. $LUHEOE, SBEAT-o T3, Z
NICEY. RpoE ICIAE 2 —EDKZ LA ML XCEH X7 — RS &) EFrBEHEICEET
ZAREBENEEL—HHIHEBAINE EE LTV 5,

BAEF (CAEYMREN BERFER)
BllFx (ICREMPES BERER)

SIEX (ICHEMMER NAFH1 I FEH)
g R (EMEBERYT / L#ERtE2-)
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' RNA-Seq EIC & S RBEMEMICTITS
r i 5 B 0 (D SR R E (5 T FE R ARt

Clostridium BHE LRSS E CRFUKREZE T2 7 LBHEDODERETH 5, COFICIEEIL
A—XDRENBVEPHEE LW T2/ —VEEET 2BHIFET S, ChETICELO—-IPEE
EFBM T2/ —IVEEBNI-4 DOREEEICLY., tAO-X2EBERD E T 2HEMNA AT X
THIMHOODSEEMNIC T/ —IVELETBEEREBELLZ (1), 52, O—-IPRRIC
A5T2 LT —EEEDELEICEN SIS EIEEMDEO LA EHBES,PICLTHY ., AEERICLS
T2/ —VEEMRESH DI HICELT—EEEDOA LY KD SN S, SREVEFERETCHD T
W —EEMERALEIEIHED—DOEEERENSRIETHZ N, T4/ —IVELAET ZEH/DOT
THbEWT R/ —IVEEREE® B T 5 C. saccharoperbutylacetonicum |3 37°CLIETCIEET 3 4B
ERBRENPET T, TDLD. TOREBRIMEIEEZAS HICT 52 & THHIL L -BREENDH
REB5ZHTIREE L B,

CNETICIT - X 2RO — LE EEIRZRIBEN D 5 C. saccharoperbutylacetonicum O 37°C
TOEBREERBEEDETIE. FBREIORBEMEEILHETIEBICDEL—RRKBHMOZ FET
LTHY., ChiZBRFERPFEINDZZEPERTH -7 (1) —FH. FETZHELHEMOFT

1 T8/ —VEEERFEADIERE, () 30CE 37CTREBE T4/ —IVEREDREIFEEIL, (b) 30CHE
BB FHBDERFEIL, (c) 37TCHEERDRFIADEREIL, (d) 77 =R 7 CHEERFORFIK
DFERFZEAL,
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2 37 CET7TZAM37TCHEERD 30CICH
TERRENE, (a) BFEAEEERT-
(b) ¥ v¥~NOCEEERETF. KREld 30CHEE
BB L TRRENZ. BRERIRREHNE
T932EERLTVD,

BT UERNT 2 E STCHEERBICSVWTIRFERNEIZERIINTES - BEREIHIBEINAT
Wi ZZ7T. 30C. 37C. 37CICT7F=Z>#AMUEE L -EfFH 5 RNA %iH L RNA-Seq
BCS VBBV A GEERAT TV, BEBRIMMEIEE 77 = VRN OMB LB C DV TN,
30C & I7TCHEERDEEEE B LA, BFUKICEET 2 EEFRRIVEMT S, 7
TZohAMTBIETZTORBENIAFIINBZZENEES L ERY, STCTRFEANPFEI L
BOICHUTT7TFZoRMCEYBFERIIFEISNZ & E—FLAE (B2), 7/, BEERVE
RELT. 37CTRIAAOCORBENIFEINBZDICH L TT7TFZUHMTIE dnaK, dnal 0
SeROCOEBIIFEIN TN, 2O &R, PTFTZo52FMTBIETITCEVIBI ML
ZICH U TREM U ALK BEDIEERBLTVWS, MEDZ NS, MBENLEGTFREBENICL YA
FHRRDPGEELNILTHEEIND NS ER Y., 37CTORRFIMREE % IEH L -BiEtk & ]
BI3ZETERIBTNDIT R/ —IVEENTFIREE LB EERVWH L 7

5| F3Z#Ek
1. Kiyoshi et al. Bioresour Technol. 186: 325-8. 2015
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' HFEEBURY—LBREEFOEERHEHICEDS
Hmo1/Fpr1 O#REDAZIH

HEFEER Hmot 3. VARV —LZ > NNVBEBEEFOTOE—2—%. 35S RNAEGEFOTOE—
2—. RUD—T 1 L JHEEEEIEE L. ChoENEGETFOLEBHREECHEEICEELREIER
T EEZLNTVWEY, EFMNEEBEZICOVWTIARBELEEN» BV, HMOT Bz FiEE (Ahmot)
FBEMTIEEFETIEAVWDHDOD, FPRT EEFHIE (Afor1) EAREGEICLHED I EPmESIA T
B, Fpr1 2 INVBIIREAMEII VI TBIERIINTA DL ERBELLRET, REREICH
TBVRY - LERFHDETETH S TORC1 HERKICHEE L., TOXF—EEEZMAETS 2L
WL VRY —LIEBRRAFOEREZHGEI T ENHSN TR, EFDLEVWEKRDIRRLTD KR
V—LERNDEASIEIAREATH 3,

Ahmol ¥k& Afor1 %2 TAE LB THEYFHEMETo 2R, Ch s DZEWIZE4 (Ahmot A
for!) EBEOHMBICR ULEETIE AL 26D D, FEH RUSHEBBEIERICERNELVWESE
EERL, MEPHROEBTICE > THBO TEELFEZHANICHEH-TWVWE Z EPBREIRINL,
BRREN EICZDZERIEMRD S BEBP Ahmot #M#AEICEEL Y TLy b —EEHIPSIEEIC
HET2, TOIE5D—FICOWTH / LERERLAZEZ A, 3BREBHEDERIFER 23kop P RE L.
BHhICEE L 15 BLEBEDOKRIEN 115kp ICREE LATICE S TWBZ ERFBES I ER - T
SOV Ty —EEMETO_EREREHIEDE/LEZ A, EEAEOHEIIEML 122 &
5. ZOEREEIG SBLEBHREDRARTIE LG IS5 BLEBBREDEBEICH D EHTRKRI N,
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DY Ty —EEKD 15 BLBAOEEREE 5 DOBEEBICH T TTIZXI RICHEAL, TD
TEWERICHESERTICEICSLVEBT ORI IEEBERB L, ChE#E)IRL, RIEMIC
R — LB INTEEBRFD—DRPL2E N DICHEZ -2 EPEBREDERTH S 2 ENBES
»E %57, RNA-seq BB DIER. RPL25 IE —ERIFME FEMELE L T, £FICLBLERRT
DHhHTCRLBEEEDETHIHAREN /2 EL D, Ahmol Afor! ZERBFEHOEFTEFTDODERH
RPL25 EBIEFDEHEEDETICH 2 2 &M@ RE I N izs Hmol H RPL25 2 1ASHZ < D) KR Y —
LA INTEEEFOEEICED > TVWBZ EICDVWTRBRICHREZATHBD. ZZIZFprl &
DEIICEADLSTVBIDPICDOWVWTIEELABATH S, 4 X ZTNhEBHASHICTEIZ N, ThE5mEA
FHEETIRMD) AR Y — L2 INVEEETOGEEHHEEORREICEI 2D EEZ. BER
DY 7Ly —EEHOREREETFOBENEMEE L TfTo T3,
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' Nocardioides sp. PD653 #kicHIFD
¥R HCB RIEZE PR EREETORR

ABERBEOIFRZIEEMRB SN MENDORICIEPBRELEL - BICT 2 HDHPEEL. 2D
HEL - BICICH TR FHEIBE L (KBBREGFOEBHIEETHI SN TVET,

ChE TOMETHIER - DEFHICEEN ZHEM D SBEFLANILTEUL 2 AHBREE TR
PERINTHN, COEE—EDEEFRHOEMICIETIZAIRR T AR 2 Vo /=R E
MEEEFHIEELREERAZLTVWIEEZLSNTVET, BEICHZDIERALEMIIHT S
RHBRECTFHY CORFLICEFET S 2 EPRES . BETFOKFE R - BIREOER. %4
ERREEERTHMENPEHBRL VB EPTRERINTVET, ZOFRICBHEIBRETARICES
TH>EH/NOF 1t (PCBs. HCHs., PCP &) /M7 2MBEHFEL. PBAHAHZI L
ODEFEMEMEINTONATEZFT LA KRR TCRERBEENOTY CIEMOFZER CTH 3
Hexachlorobenzene (CqCls : HCB) DX fRICEH 2 KBBREETHOER - BT BE LTV
9,

HCB (3 1940 FRICHAR I W -BHRIERRZKAZITH Y. REPTOSVWVEEMYE. £MieEE. £
BERANDOREDL S 2001 FIZX by VRIVLAEHN THREUERELEME (POPs) (CIBESh/I-BE
IEEME T, £FS51F. HCB 2 MICHIRR DT 5 HAMOEFERME & U T Nocardioides
sp. PD653 #k# BB L £ L/ (K1), HCB I& Pentachlorophenol (PCP) ##/H L. E#tah %
T (M2, ChETHALMEN, PCPoBEEE L THEEE X h, 452 Sphingobium chlorophenoli-
cum ATCC 39723 % ICE W T H AR ICFET 2 8B AHBREGTFIHEBAI A TVET,

1 Nocardioides sp. PD653 #® SEM
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2 FREMFTICH TS PD653 #4500 HCB 7 ERLHHEEE

PDG53#% ICH W T HPCPO FREAHHM & L T H E D Tetrachlorohydroguinone (TeCH).
Dichlorohydroquinone (DiCH) »4m (K 2) §5Z &d b;ﬁfuo)/ﬁ%w HZXLDPEFESLTWD
CEPTREBINTVWET, L L PDES3t%kEEH. MEMICE S HCB DIRIERPBERICICEAD 2
BREELFEREINTWERA, ChEBELSNICT R EIZAEBRED HCB (Z3xF L T PD653 #
WRREEEEE T2 ODECFOEL - BICHEBORRAICE - TEELT -2 &6 5 ERFIC
HCB/BICKH T 3MEEAVAENI AL AT+ I —2 3 L HEMERO D DEBRME E VWD BKT
BEELAMRBELY FT,

£E551335(ICPDES3IMDIEEBEIETE L /- PDE53-B2 4k Z# BEE L % L /=, PD653-B2 #k I
HCB % PCP ICE# T 2 RMIERSPMBEERAL TVWET, 43 ODERD HBREREETD
RE-BEIZEBZDBDEWVWIREIZI T, PDE53 15 LU PDE53-B2 1D KZ 7 N7/ LiET &
fTOE U BITERICED X HCBIEKRIERS/BRICEAES T 3 FEMETTORVIALAEToTH .
97 BNEEEEFHIEF L 58N PDE53-B2#4DT / L EICHFEET S EZBASPICLE L A
RS C I3 A XKIBR 2 O - EMEETFOME 2 ED TV E T,

CORRIZEY) . IR HCB BRI BBRECTESDPBRHICETES T 2BREETHORTE
ICDEPBEHFELTVET,

EARFL
HeE A
TR
REEITIR
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' fEICER I SRIEMHEICHT SHR
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E74 XZXBPIVYNFOBEDPSHBIN-REOIHD, T THLARIYNFBEAICERTS
BESMMENTEICHE T SN EZHEL 2. BEIYEFELEEETTEICIFEOHENENTFED
HEIhBZZ DS, 2006 FLSTEICER T IHIAMMEOBRMZIT > T2, ZORBR. TELS
BREEACTHRI 20— »2E/RHEIh, TECEEORIMENEOFENELHETEI L
oo 272 0OBETHND S5 TEBREFOLEVWHREOERIMABE N BEE S h, Lactobacillus
floricola & Lactobacillus ozensis £ & U7z AR TIETEICER T 2 HTIEMEDOEE D T DRE
BREH - bMENEREDFEREENE LTV,

TEEFHE 2006 £ 5 2015 FICH T THER., REFEXILEEL EQEILAR THAZ2H TR
BLTW3, $FOREFIR, AELDD SEKREVEROFEIHEI NI AN g TICEBL, 3
AN a7 BEERDICHEEED TVWD (H), FRIUATERL2E. 5 VI &ICHEEE
L. BoNABIMEOIOZ %5 4 LILERL, MEVRERORTEET->TW3, 1.
2010 FELP ST/ Lt 2—EDOHERMRE LT, KRR - -2 BV REENEWED
BEDOEMET > TV,

EMNARLE EADEFTEN THERUATEL S 3T 7 LBEOIBERMEEYX V7 LBRMEORSME
B ENFEICEEIA, ZVHBOTIE1&HHAZN 10" ~10°b0IO0=—»ES N, /o I X
N 3 b I EERMIEM 2B T Carnobacterium BHIEICHFEI N 2 HBENF Z BB N,

BEWE: 32N/ ay (RER). A:HE€>vy (ALHEEFNRE).
EARF THAZG THRIML, MEZROEFZT> TV 5,
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MENHEBRICH DPIREMDPHE S N X 25/ LTI, BEETELONER EDOIERM

PELSN, EICREETCEREBIMEMERITFET DI ENASHPICLY DDH B, SEEOKR

ELTIE, BarP BBl - LR 2FHBOBRIMIBEY. TOREILETIZIEROBEICSVWTHE

BELRFETMR TSI ENPHAL, BROBEABAREOUKICEZELZEESLIETHECH DA

%ﬁﬁﬁﬁénto:naﬁ%ﬁ%ﬁr‘iﬁtéﬁimﬁﬁéamtbf\iﬁﬁ%&ﬁﬁ@%ﬁ
. FRBUIRIEOMAEMERER DR & RRFICHESD T D,

INgER (CHREWHZESE N AH14 I IFH)
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FRE—  (CREMREE N4 94 I FEH)
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' A5 5 ) LERHRIC & SR i Y LB D fEH

EF, REFICERT3WMENBEDT / LEEEICKTFT S & <. MENICHENT IRE X
2 LD ITON S & DIChY) T Uk ABEMNIGEER TIEORESHMEMFFEDRBBRRIZIC
HEhTZETWEY, LrLEYS, AKERELVLTEELRMEDTICH S X LHICH L TIRIEX X
T LBEMEToOEHY) TR A, T TCHEROERBICOWIEEMEZ 2 -7y hELE
16S IRNAEIZF7 7)Ao —5> o T %fTVWE LA, 20016 F 4 A~ 9 BOREK (KE
0.5m). FBEK (KE40m). EKEK (KZE60~80m) DEMERER1ICRALET, BT 7
DIN—t 2 NI - FBICEDZEETCHERLODERICEN £T, 4BDKRE. 5ANDKE I

1 BAGEIZH T BFIL NIVIC & 284448 0 514
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PCROEEIA5NT. B TIIEPHRTWELA, 7TA.8A. 9RDREICH VT
Cyanobacteria P Z < EhTVWE 7T (H1A), COBBEHMBERICEWT. a7/ 1N\ F
7 (MR 02 ~2um®D> 7 /INTT ) T) X Pseudanabaena BHEIERINTH., ThbIC
WIETIEELLONE T, REICHVTIEZEERE TId Proteobacteira P93 & U Actinobacteria
PP Z<<HEIhTWE T, ML NILTR 3 &. Proteobacteria P9 T |3 Betaproteobacteria #fil.
Actinobacteria P9 T I+ Actinobacteria #in»" & T L /=, $E$H £ UK T I& Cyanobacteria P D Z|
EPET L. (EZEREN THEDNHEIBREINTVE L, FEELETOEBOH TR ZHMEIC
BATH!) (rarefaction curve (Z & 2 5Ffi). Proteobacteria P9 & Actinobacteria P TH8 1) — KED
55~68% # £ L= (K1B), ML ~NJLTIE. Proteobacteria P9 T I Betaproteobacteria i 1*.
Actinobacteria P T 13 Actinobacteria fi " EFE T L 720 BB 3. 4 ~8 B I E E R
Proteobacteria F9 & Actinobacteria FIOEIE P K& » - 72D T H. 9 AIZH T Bacteroidetes
DEEIrEE) % L7 (K 1C), Bacteroidetes PID e T IE Flavobacteriia #7 EE T L 7=,

FEREOHRERTIEHY TTY. MEMHEBEP VLT OBHLPICE-TEVWY F LA, 5.
ISICTF—22EE L. (LEZERENOBHEBEOKFEFFRADOEIL. THEL & EEEFEF AT
EERICFHEL TWEAVWERVWET, ERMTEKESLVUBERZIOINESMAPBHICL > TXK
ECEELE T, $A4 EQSTU/NIFUTEECERHN. %M. RV EMTI 2T
b DI CHEREBAPEBICL > TRECEILLET, COLI BILEERENMER) EIREE
He. EZERENMOHEBEDHBEZIERCERL. BEBEOEAPMICERL T3 DD,
T/, FELEMT S N OOBRVICEADBIMENTFET 2DHLEF. MEMBOBEEERICOWT
LEMLEAWEEZTHENET,
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' HERIBEDBAIO—SN\EXS%E

ERDEEEICIE 1000 BEAICHRIMEIER L THY. ZTOMEEIIHK <2 DFMEEREY
1015 EZ<. ZORTHEICKBICIIREN 18 74 10" Mz OMEHPEH DTV D,
T, SNSDOMBENIRIFTIEGETFHEGE T2, BETHIH AP RBFTIEEFLID
100 FZVWEGETEBAMEIBFREL TVWSZEPMON TV, COLO6ZHEIDOZELME
DBEARICH T2EEIE. BETHI2E FORBREICKZLFZEEZRIETIEIHMONTVS, BA
AP KABEICEAZITZELIE. HIAIGHEL - RINEBNITS, E4I 26K LEEICHIET 3.
HERMEDERHFEMENP BN TERS - EET D&, BEDREREZ2TOZFED. BETHZE L
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TW3, ZNDESH, BRRE#EYLREBIEDZ &, BELEFEXDI L THEIEETH 3,

ek, Fe2b MIBHFRICEEOKRETHEFEEL. £XTNBBRICEETIO THEMRET S EEA
S5hTWie UL ULIEFEOMREICEY., It 4. FKEOBHEAY LTIV 54 HEEIRE
Sh, BRREBARNTH2 LWMENHRBEZ I TWBIZEPBROLPICE /s ShEDHEN ED
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ERT2E. BREOBARES —DOARZLHIBRICHE - TWB e BREINE, £/ BE (£
FNEDPVOARIRDICHTE) OMBE7O0-J1 757> 20MEF 70— 7 EHEBAMI RSN
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32 xBHE Lz, AMEDIER. HE% T Actinobacteria FIIEA A EICEML TH Y. 2
@ Actinobacteria F9 ® & il & =& (C Bifidobacterium E DB IC & B 2 ENBES D ICH - o
Bifidobacterium B#E IZILEORELRBO-HICRLEELRBAMELEEZAON TS, SH
DIERIEFEBICEEKR D, SEEILRDERDBEREBZOEFNERESD THETL TV L
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