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o R TR

Analyzed|Raw] Analyzed+Raw| Annotation| Sequence| EPT

K4 {&{XNo. 2 M PCR &g =Y



BHABS F 9208 B> 2|[OEEEG: ~ ~SetTabKeyto:w' v |5 2 2
i Trace Manager 20

i Zm_5_ct17_rabl B
F:¥0_BZ¥PCRT —&¥ 7 E¥zm_5_ct17_rabl

Coordinates (xy): [ 2635
50 100 150 20

50 500 550 600 50 0 750

el

T Y 3 B |

BTAATT C&TT &ccCT
5 0

]
]
0]
]
500 /,‘

Analyzed|Raw| Analyzed+Raw| Annotation| Sequence  EPT
o Zm_5_ct17_fabi | =8
F:¥0_IfF¥PCRT — ¥ 7Y E¥zm_5_ct17_fabl

Cocedinates (xy): [ 56733
50 100 150 200 %0 0 20 0 50 500 550 500 650

O
O

2 o s & 3 ' 1 . B |
EATT T CCT CT CTCT CTCTC
5 " 15 2 2

FageR e ~

K5 {E{KNo.5 d PCREiZEY

BRLWOFEICLST, 120412783774 & PCRIETHEIEL, CTORKERSNG
Sz, MBI S B bz 7 <~ B EAICOWT, DNA ZHhH L7z 5 @A, #viRLE
BAHE T 3B TIE, KIEREIE 14, 20, 21, 25, 26 D5 MEHET, RNEHEALEZONLMH
KX 1R THoT-. ZO~A 27 0% TI4 MIEH LT, HIHRREOEGHIMIT T& 5 ke
MERDHD LB Z B, EEEE 0 REETHOL, b7 74~ o7 T 7 A Mk
17> TR 7R AR 2T L 720,

S
HHEA~Y ) 73 —F 421, TESEFHAENV RT v 7, 2007.3
55 2 [Aks By T8 OVEEER B Wl 2 5 2 2 it Bk —4 I BB OSSR R O BT
AWM RRVEIZ B U 7o 7 ~ B35 i T BH S F A 2, K PE T I A e 5 (i 0 5 e
HRERE S, BIRSEICAEET 5 FAET ~ B RFTEERER OBESE, HAKE S 78
%, 2%,2012.3

N



BIRRELIEIC K 5 H TILHED E D RGN

pIERs FHRER 1EH
ERRIWEE=SF

o
ll:lgl\
FR

£kt EFKRE

FL7-HiE, M E Ortiz-Santaliestra 5D, KADFOUOHLKOERAF~ T X 7 VO EdA, T
TADEREICHEZ 7, DT LOEREIIZF a0 IMEREb> TS, Z0oWHEiLe
UHREMEIE L, FRIRCTERESN TV, BebidFax o roflzlbbd Zencaiud, £
BEEOED ZENTELOTERVNEBR T, BNLOREE LTIRORSEZAVWDS Z &It LT,
FEEE, TR UCOERICEDABBETICRBE boTe A vV vy 7 UNERAINTEY . ZHUIE

RAZ=Vx 7 Thol,

1 [XC®HIC

1) 5

. @ﬂ:ﬁ‘
ERROBEZT HICHIZD, BoHDH I L TEARERED
BIRRLERN LT R0 TRV EE X, $T2,
ERAZ~ X IV HBFTHIELTELO TR
ERWZ O E IR HIZE ST,

N

- R LT

AN S RIE~EBT T 2R CEEEEZ D2 L TH D,
BT IVDEREIIRE L 3 OD AT —JITH0h., R EE
ME@EERBEN D E TOFRIBELVE AL O THGET
& 2B, AReinBh (RIS RBHIDIRE . AN B2
FC) XL CEREY T4~y 7 AR EMEPRIUEAR L,
Jli2s sk B3 o TRk & 72 % & C) EFEIEN TV D,
R0 B LIZROBMX, mENs 7 74~y 7
AINTTRZD, AD=ALIK1IDOELBY THD
B 1Rl Frdr(hfadsr) @ik, Bk
PRl Ta R ze e LTARITWD, Z0F
XU URMHPICE SN D 2 L TEEMEES D,

- SEATHRE

figi T AR

FRBAEAILEY

KRR

M1 EREAD =KL

I O

HO |
Kj NH, OF

|
X2 TAfuaF

M.E.Ortiz-Santaliestra HICKDERAZ T ¥ 7 L OimXnH 0, BRENIEE VY E Lt 5
CERAZ~IS Y I UMTEB LN Z N bho T, £72, BIEZRBIE CEELZELYD

ZEWTED EDhoTUNL,



@E%
WEBH) DL EZHANTE I~ Y I VOEERETEREOEDIENTEENE I NBIEL, =D
%L&%E®%m%ﬁoo

2 MMEEAE

WAL=

IR OFAM CUEE Lzt ¥ V=V OMIEO A ZHE L, ERETEZOHEINSET,
b, 2z 3 <ICER L,

QFE MDY
K, ZFEEOREEOEERERE L Y v AEKCI0)AR(1,100,10000meg/L) &2 1EV . Zh2hic
VCDOA X~ 7 v A, OB T3 HEHE Lz,

BRDOE =D

—IEFOBME T L XA F~ T Y 7 URFERIEC /25 KO IT L, FRHSER 2 — RIS iR L.
B D IEMERROR S Z25H Lz, BANET TIN5 722 S8 & THIE DA ATHE & i %
(RLISMT ATREZR R 0 HIE L7,

3 WMREBE

(DA E~T ¥ 7 v ORET

10000mg/L DR TITRENE T X720, —H THH Iy 7 UBNEE LT LE-T, £2
T, kDA Z~T % 733550 1 % 1000mg/L IRHRICHE L CEBRZ Mk LT,

(2) FHA ORGSR
AEL7cE 24, @ERBRI ) U LARERSWVIZERORSBEWVHAZ RO, £Z T, %
ERDROE S 23l LI Z L IEBEE & v 7T 7{k L=, (X3)

25
E 20 N=59 —28
(1))
E 15
g
m 10
m
~ 5
N—6’6’
= .9
0 _
0 1000
zﬁiﬁiﬂﬁ ) '7!.\155‘2 (mg/L)

M3 WEERHV TLABEETLOFA~YT Y 7 VDOROE I DY
N X% DB EIZB T DA %R~



777, PREBYEEMOWIEEROMEATITRES, IBRWIEEROHEAL ITENE WS Z &
oo Tz, 100mg/L OERK & 1000mg/L OV CTIXEWAH E D o< T OO EIER
BETHDLIZ NN,

(3)Z DA
EHIT, AROERTTHL TWZT =X LIMIBIM 4 O X 9 ITRERIC e F T O OB
LHAT o BRI 2O BEROEOWRK TH 5,

BITIEONDIZ WA, @RI U U ARESE T HIEEWIE SEREDOEANHE R DB H
HZEBRbrol, LrL, THIROER ThoTo e Z0FRELFEHEORmWNT —& & L TR
BRI D I EMTE RN T,

HISROIFRPHUEBIRDOFEIC LD & HEFRERT U 7 L0 R R V£ > 2 Jl - 2 8
L LTTIE AR HIREEERICEZEZ OO LTWERRER DL, Lo LiZol, iEH
B V) U LDDSHNRIRLASN DB BT 2 E T 2 & TRERO AR R ONT=D TIERWINE
EAbND,

4 FLEHESHDOERE
bR H T LOEA, BEERE TV T LD 100~1000mg/L DOEK TRBE T 5 & ZBHENIEL 72



Do Tol2. WHEFREET U U ARFMRBICAER L2 E 93T E 0 LTWARWVO T, 5%~
TWSRENRDH D, ASENFERT I~V v 7 2T THITITEL R -T2, S HITHRMEEFH~
TWEZW, £, ARIOFRT, ZROBPTTHE LI L EbhSMELH o7z, 4%IT—H
TR ZAT O /e E L, IRMmAE R OB BTV, FFRIENE D % R Z O AIZ SN T
HIA L TWHETZV,

6 ZEXH

2000[The molecular basis of lung morphogenesis(David Warburtona, Margaret Schwarzb,
Denise Tefftc, Guillermo Flores-Delgadoa,

Kathryn D. Andersona, Wellington V. Cardosod)]

2004[Arrested development in Xenopus laevis tadpoles: how size constrains

Metamorphosis(Irena Rot-Nikcevic* and Richard J. Wassersug)]

2004[Studies on regulatory mechanism softhyroid-stimulating hormon esecretion
in amphibians(F H KPR FBEE TP AFF0RHE Ay BR L7 RSN S0 A 8 )]

2007([Alteration of Larval Development and Metamorphosis by Nitrate and Perchlorate in
Southern Leopard Flogs (Rana sphenocephala)]



XY VR TOHITOEH

FREXRE WERL NMEXEH HEr Bkt
ERHRUEE=Z8FFR

wir, AMEBEB LIRS NGEEL R OIIMEKEZFFo72, 22T, oL 2T
HARTHRAITOESPNEMAR Y AT ICEH L, SITHEBEZMT Lz, RELELIF VY Y AT
NEET D256, MrbRICHEEROBEREDO LS THLH5DOT, MichrHozhEh
THAI 2 EEZ L TR, WO~ AT L OB IIKMMEZH N CTHNDDOTIERVNE
WORBZI Tz, ZORWMDO FFHAELTHDIEFMOEREMEOLRY AT OO H
HIZDWTWEIAEFENTWEAKDIZEL 2o 72,

1 [FLCHIC

(1) Ehtk

SR, EWEREBLIEIERERANRINT
W5 20X, 7 E DSk OIS T,
FGREE & ETED DL BORT =~ Off
HnEDLNTWD, 2O X512, EMITFE '
ZHERENONRNE S RMEY - fEEE LT
WD ZEDRDDLFTEH S EAREYZ T,
P EY Ton & W Z O EE DTz, D
HTHEEDOF THEHITFRHEOH 22 R
WX RICT L2 ke, ZR_REITE
DAEDBY . RBRLHDICENPDOLT, ELTLV BETHES N TE D, ZEH
DBATHEFARDICHTE . DATROFVITHEHTPFUTET, BIETHITHT>TKRE
LOHEBAHY, MBI EN LT HEDL LT W v v ¥ X T (Prafontaria
laminata armigera) % BERIGICTH T LI LT,

Ik

1 % > ¥ ¥ A5 Prafontaria laminate

QD ForvvYRTLEIE
ZREMAGEEEHAEY AT HARNYATROY AT, FEANY AT O 1 #R, AN P
W OILES CTHEIC—ERIEEL, BB LICEALCHEOETEZEELZEAND D
DENDD, M, BNSEOLMNRH L, 1OOH ML 2ADRENEZ TWDREIED
—HEThD, LAITEETVDEN, BRLILOXEOHERLEENRSH D, TORMNTK
ELEIDORBITOMLST TH D, ITLANLER AT TICH LT, YATIZHEHECH#
e,

Q) HAEZDIRIK
2005 FOHB ARy NEEFETILHAORZOBEHFFERIZEDZEIHY O HITIZ OV THFSE
LTEBY, ZRIMITIEL R TFEICLSTEBH A FMEZESAMZATWNDE I EE I DBV



HIENTED, LinL, RN ED L S ITBEHE IS CIBITONS - 2RB L
TWDNIRMPAORETH 5.

4) By
aRy hEEIHIEBELE L TCYATOH—ARK—RTEDOLI I REIEZLTWVDLIONE,
iPhonebs D HEGHERE A H W TR LT+ 5,

2 MEEARE

MY RTOHE

TAFHRS TVAHIITERL TV EOT, WOK
STBRICMBEFEOH Y 7Y FTHO PR
BTHF VY Y AT 2L,

(2) $ 75 0BE >
iPhoness MM THEAE THRY 10 4, ¥ X FRETY | o
BEET AR LT
(3) R OB = DR

X 2 Y AT OBITOHE) & DL

SERIEEREZRE L& ZA A2 D B TITmig % ‘
[

MMCEXHIEEMBICIRET D ENTE RN (F
TLRMBMN/NS WD, ), DD, AR TREZEFCHRNZEEOT TH 7 MAT
XHHEITLIC, LTOELEEY LT,

3 HRLEZ

MY¥YRTOHITERT
YRAFOHBITENORLE ., WX —o>— 2R A I 72T L TATHRUB) X
ZLTWDEIICRRTZ, Z2OZ &N, PO ALY AT OMITEMNEZRHIWTS &
WD R (LABE IR & FES) & 32T e,

(2) # M ER DR EE

YATOMOBEOYHELEOEEE X 45&, FHOMEIT 1/22X Lt7hb,
(n=3.14 &L4%5,)

95 L EAE MJE ORI,

EHE:ME = X:1/2xX
1:1/2x
= 1:1.57

X3 2o}

LD,
ZIZTC, WEEBNTHEIN -ELERET D E. HWOKRBIIMOE) & OWLIEIZ—E O RKIE
THEMAETDHOT, HORBIZHEOE BT H, DF 0D, HEIZOWTWDHEF W
TWAHOE A2, 0N 1: LTI EHMEL TN TWD EE LS,



B 4Y AT OHEIZ OV TWAHI(L)

X 5% AT OHIEIZ DN TWAII(2)

‘\7)(:7—‘@51:1]0) 2 OD I, f@@@:ob\‘(l/\éﬂﬂ] : i?b\fb\f)ﬂfl]ﬁi 10:16 & 11 :15D2FDH
1:1.602 1:1.37T THDHZ ERDhoT- (K4, K5),

I, 1.37T=1.57=1.60 & 720 PHELEIIZE WS EMEZR EHE0E Tl n o
NI T,

4 FLEOHLSHOERE

ASEIOWMIE T, Y AT OO < UGB IXIEM 2 EHE0E CIEenwZ ERlgnol, Ll
COMBITROEEN —FEL L VW) ZEOMEEOBWPLZEH LR THD, Lieno
TAHBIFIZENDLZFEHA LSS, M - 4784 FOEXEHWTERIELTZV, ZORER
sEzxCaRy hOERE Lz,

5 ZEXH

S PR, ZREBWICRT S SAITEEGE. A AR ARy MEREFE, 23, Noo 1, pp. 17-22,
2005

s PSR, B OBITEIEE RS, NA A AT = X LEaEE, 28, No. 1, pp. 8-12, 2004.
TRBIAT 472 ~BHOBFITES~] (BEME18HILZEEZ . TR
-TREAROfFAEER  ZOERE LR B

RS SANOF: = Qe N A LEBNEE B



FTYXDITEN & HE DR 4

=REX AHBAER  FHEKER BAEX
EHRIUEEZSFFR

1 [XC®HIC
(D5
[~ ZARFENDAEHL) EHENEZ S LV IREITELSOLEFEELTND, v XL
MR DFHBAMEIC DWW T DL DWFFE T, ZOMPEAMEOFEAZMIE SN TWVD b DT <
F~ ZOTEMALDIFR G WrE STV, HENLZWEBETH S HARIZE > THIETHD
IEfEMEIX LRI T 5 Z LIZBWTHETH D, ZOMZEIZ L - TH~ XOHE T
ERATLHZENTENR, HBIZID2WELIMA LI LN TELE LAV,
(ARENH)
ERAETH D WATIETH D~ F~ AX(Silurus asotus) % AT, MIBERARIE DT~ ZDIT
FxERb L, HAKREHOHE L OB ZIHLMNCT 5D,

2 MELAHE
(DBIEBREE
] | LI U pE RIR T~ XN DLW E (4 i BRIEAGE Y 3% < 19 RELABRIZIEAT) TR
(36cm X 60cm X 30cm) Z AW CHH, £72A MLV AIEOT=OI A THFHE L, #HF#%
4T AIE(ONY 7 LA RSy v B)E 341(0.13g) 5% 5,
(2)H7E F7 1k
RN v Y — (KEYENCE:PZ-51L) % K i F 4em &% ET 5, H v ¥ —
(KEYENCE:RC18) & iE A > ¥ —r bl A T & W CTER—[ERE 21T\ T~ X078 %
ERELT D, ZOEEFIANB Y —ICLDRMREESTZBRIC 1 AU M5, £
—ELL LI T R Lf:[%‘%a:ﬁ-vx“biz%ﬂf: L, ZhE T~ AR ET 5,

_-/8ensor

B =\

- \ 4cm
test tank .
.. counter camera
o

.
B1: k18 EmiE=E B 2: kv R m AR =

@4 UE & T~ ARG D E R
20144 6 705 2016 1 AP ETO 1 BN OB v > FMEENGH 3 WAL L5 1
VUL z R, & 3 WAL G5 1 Ui a 5\ b D%
IQR(nterquartile range VW) &35, IQR % 1.5 L=t D L 3L E R L.
INEIMUEORREL 52, F72 1 BY720 O v 2 Malh BAMUIE Z RN -8 & R dE
RAEZ R LICbDE T~ ARSDEFEOEEREL T D,



W75 —2DRE
HWELIET—4 LRBITDOR—L_R—OMIET — 4 % excel Z VT 24 B BEAT £ 7~
I 1 BRI AL CTIRE T S,

3 HBREEF
(DHEDIAE & F~ ZDITENZ DN T
20146 4725 20154 1 AFAIETO 1 HYS7ZY OH v 2 FEE L Y A UVEOFAEL 79
Bl&720 T~ XROSIE 39 [H & e o7z,
O HERAERNOLEZD
B 4 DL EOMIEEIX 2014 4F 6 A D 2015 4 1 AR E TORMIC 31 BIFAELTEY |
HIEEFRAED D 24 Bifil#4 £ TIZ T~ APUS R SN 72 DIE 31 [BIHF 13 [HITH D | ﬁ4
42%Th -1, (XM 3-1) F/-HERAEND 48 B £ TIo T~ ARSHHEGR S -0
31[EH 24 RITHY | HERIXTI% Th o7z, (X 3-2)

EE4LLE 31[

T XR T ARG

13[E 42% 2418 77%
X 3-1 24 FFRELINO X 3-2 48 RN D

T~ AR T~ R

Q@ F~AIENEEZD
T~ ABOGRIE 2014 4 6 A5 2015 4 1 A A E TORIZ 53 BUSH R S TERY |
T~ ARIEPFHER ST D 24 BRI £ TIOEE 4 L EOHENRAE L= 01X 53 i+
13 STHY, FERIT 2% TH-o72, (KM 4-1) T/~ AIJuDHER ST D 48 HFH
BETICEE AL EOREBENRAE LT-OIX53 MIGH 21 UG TH 0  HEHRIL40% ThH - 7=,
(X1 4-2)

TR ARIE 53R TR ARG 53R

BEALE BEALL
13 25% 21/ 40%

X 4-1 24 Wil E TO X 4-2 48 FRfi#% £ TD

@ R 4 DL 1M I 4 DL O #
Fak 1L

k& T~ XOITENZ SV T
2014 4 9 J] 27 H 11 Kf 52 Z3IT & ToAFE LMK DBRIZ, BT R O 21 B§ b F~ ADOFTEIA
BINZIEMHL LT, 22T, AR % 4 HATO 9 A 23 H 12 K2 DH OF~ XOFTE) & Hi5
oMk A bl L7z, (X1 5)
T AOITEN BB IEME L L7z DiX, 9 H 24 HO 10 Kg~14 ¢, 9 H 26 H 21 kg~
9H 27T H2IF, ©2 00T THD, H&eND, 2 HDOF~ XDOITEOZIK TE LD

i

\
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BRC, WO A —INERTEXDLHERETHD 9999 M2 2 T LE 7272012,
9H 27T A SHE~8HEDT — X A2 L B2 LN TERNoT,

900

800 -

FTRYANKELLH U FET fEDSER LI PE K
2014/09/27
11:52

700 +

600

500

400 _ . ::" zEs B+ d
R R il
R4 1410
300 2014/09/24 21:45 UL

i:: / N TR
W

il
1214161820220 2 4 6 8 101214161820220 2 4 6 8 101214161820220 2 4 6 8 101214161820220 2 4 6 8 101214161820220 2 4 6 8 1012
9A23H 24H 258 268 27H 288

B 5« BRI DMK & T~ ARG

4 ER

3-1, 3-2 OFER LV HIFEFREA 24 BERILINIC T~ XSUS A & 7RI 42% T, BB
BN EEZLNDH, MERA 48 FERILINIC T~ ARSI & 72MERIT 77% T, F~ XDAT
B & MR AEDOFEEN RV E E 2 bl b,

T, K41, 42 0FERID | FAUGENR & 72 24 B E TlL, BE 4 U EOHE
X 72ERIT 25% T, HUERA & T~ XOITEIOMBENTHWE ZE X b b, £, %vx}iﬁi
DL 72 48 WffEIfE £ TIT, B 4 DL EOMIRE X 72 fRI% 40% T, [AERICHEBERTHV & B
bbb,

BRI KON TR, BB D & BIRIC T~ XD TE N EME (L L T D, &
DI, T~ XM K I LTV 5 ATR 'réybx.%u\kf%xf:o L2vL, 9H 24 H 21:45 & &R
ERE 4, 9 H 28 H 15:09 ZKIKRFEERE 3 D 2 SOHEN, 2 BOF ~ ARGENENDHE%
WX Tz, (M B)E, AN~ ~HETIHRL<, 7k7ijQ KIBBICL - CHIEEZ SR
DIEsTe, ZNHDZ LD, T~ XAORISHEIFLMEXIZR L TEREZ LT &0 L EES
HT EIFTEemol,



5 F&®H

HUERRSAE 24 IfRIRT &L 0 b HUEFEAE 48 IR T~ ARG b o TR i mn 2 L b, T
~ XX, HERAE 2 BRI OHERAEZ FML CW D AREMER S D, iz, T~ AUGZICH

BNEAET DMENELS NI ED, T~ XFE AR EOMBUANOERIZ GG L, Fi

TN TIE AW EHERITE D,

B OREELE LT, ARIZ arduino Z AWINEE Y Y —E2 0 1155, £ L CHIE
AR, T~ AN TR BSOS HER 72 WK O 22 B2 U SOS L TV A0SR 5, F7
Z OMUZAKAEE OB 2570 8 L TE N bHE &~ XOMENEEZ S 2 HiELS
OER D AFEMEIZ DN THFHTNL,

1 BEXE
RN TRRY: REE B S EATEVORIES K 2 HIE T A0



ErTICEENSHRZVIZEKZMEME

B SRS e FEE B moARBR  TEMEEA JIIEIKL
B ORALNG B = e 5 A

ERTICIEY A= E WO IEDIREZ L OMENEENTWVDLZ ERG0o> TS, Kif
ZETIE. B FT OB OMESREEZFHE L., MUNORBEDREYEOGHESHEEZFHD
ZEDRHBTH D, B M T ERIERE . KE., AR L. =F ) — IR o THEYE
A Lz, SLEZV R OBIEICIIMERE., KIBEEZHEMR L, MbiRcE L= =7 ¢
A7 B EEHMICEWTEE L, BB L7z, MO I LTI ICIEE O st 2 R 2 <
KRIGE IR L CIXBEME CTBE L A, IEMERKRBEO R ZE{IE T, o
DZENL, B NTHICIEZ 7 AGHRE - BIEROZNZNICHIRE ST HEWE B FELET
DT ENGIroT,

1 [FL&HIC
(1) Hx

PR = EAREHER O O KB D IEREE G E RS LTI bEMDO—FETH Y |
e REMICE N, B FTRFT~vallb B END, £, VAR = TIT IR Z 57 EL
TOLHERD D,

E NTHEIFBIEIAZE CRKEICKBTINTWDLIN, P R=VR bbb T HL%EFF
D ENLEMICIEZMNT, FOIIFEALENLGINTWND,

FERALC L D2k b e, ~t b5 (Asteriasamurensis) & X% 27 ¥ /N7 Fk b T
(Ophiura flagellate) 22HHEIFEZ G OWE (P R=2) BDHFEETDHZ EnnhoT
W5, vt hTFHR= TR EERE, REABERE, 7Dﬁ5\3?9w5‘5%ﬁ\7w
AEDEODDET XTI L THEDRE R LD L, &7/ "TFE T
R 3T R_RCOEICH L THESDRE RS o iz,

(2) ARY

MIeHiEZoOWRE 2Tz, — 2RI, FREKZTZDICKLERESE CTb L AiHd
IV R=r R —FEZLEENTVIOTIE RN E NI Z L, Z“2oHIT. BFOBIC
HLEZHTE T EMEEEHES R VE FTRFEET IO T, MEENITRATHHE
DEICENHEKD EEZONIEZOHEILBEICEEINI VT R=VOEFREOEAND, BRE
DOEICHEEEZ T E hT EHEI 2V E b T EOBIZERH LD TRV EWNH Z
Lo ZOZODRBICE SN THRITHMI TELZHA LN/ > TV E b T ORI
LOMBEMEOGHREHGEZHOLMNIT HERELED,

2 MHEEHE
(1) M LEZE M7

BREEF B b T RlL BROKL T REBREMBER L X =05 5 AL 10
HIEZAFLEZ, ZORRIZ, 7HEe b THA b~FE FTRA b~FE T RA b~ F



t 7 ( Asterina pectinifera) (¥ 1) &~t T H~E FTRYYTE FTREYYT &
7 (Coscinasterias acutispina) €I VA HEI YV
HAFE I AJEE I T A (Astropecten polyacanthus)
ThH D, WALKRFFL MBI e & i e A 2
B2 =065 AL 10 HICAFLIEE hTOW
FUE. e FTFH~E MR T RERYE NT
(Asterias amurensis) & A F~Fb FTEEITHA T
bo, £lo, v FTFTHITETEEFEOBRICHE 2 KT
W2, B I VHTAITWEAE 2 RMITE S 2w,

MBI 7 Ee bTHO—FEIL, BAOKL T REBREVEEFRE L X —L |
ALK B A B SRR B e R E A B E M e o 2 — v B 5 H & 10 HIZ AT
L7z, 7 b7 HZEE MR ZEL T E=7F 7%t 7 (Ophioplocus japonicas)
HE LT,

t T EEE T DKMICITABIEE L mHIEE 2T A0, dilko A LKA Al
(K2, 5H, 10 HlcL W X8~ A b~Fb NTOmMFITHEFOERRONT,

K1 A4 brhvFt b7

(2) & b7 ORIk, HUEY'E O H

BT RN, WS R, SRS TS BE L7, IR Bem fAICE D L i
DENLIZZE O F FHY B LE X 2508k L7=, Takeshi Yasumoto & 2’ O Hikx 5%
WL TR LI hT2IEL7-E hT O 2{HOEID 100% ¥ J —VIZiR LT, &
DEMHIE D & MO ERCH L AR 20% =4 ) — VIR L &21T -7 (K3),
SOFEEED D ERVEL, TRTOMBEEADET T 7 FCRES TR (K4),
WEE IS L CTHREDREZ A BPFRTIX3EOT X — LHI %I — K TEVE
D& MY THIR L B S i, EROBICIEE S E b0 % 1 EOEREIC 0.1
gD AR MV AR, #iKEZ 300ul Mx TREZ (ZHEUFHR=KkELE) (K
5),

M 3 Hhpihosr M4 HEE & O
Hi % M5 HR=rK

2 JKiE

A=

(3) HHLZHE LB M
WS E & KB E Escherichia coli HB101 #k# HiE VR OBIE O - OIZHH L=, #15
EIX.HIROBEZLRINOHEEL Wb &M AL, 2K 4.5g k) U 7 A 3g,



MAREERE 1.5g X7 b 3g, #iK 300ml #ZENEFNT T A AN, 15504 — I L
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1 TAAGRAGGTT GOCTGTCGTG CACGACECTT OO00GGGATC CACGACACSG AMGOCTAAGC GOCCCTCACA CATTGTTG0S 80
81 TC000GTO0G TTTCOAGIAA ACGAMACCTC AKDOCTAGTC CITOGCATOS AMCSACCAT CCATICCADS OOGACKOCGT 160
161 CCAATTG0SG GRAGTICTCG AGAGCOGTTG CTACCANGCS ACGGOGTOSC TGOOGAGCAG TOCTCGCACT OBACCCCTCE 240
241 TOGOCGANCT OSTGOGCTTT GTGCGAGCTA GRGTATGGTA ATANCGCANG GSCTGCAGOS ABATCATCLS CAGOIAKCTC 320
921 GANTCCAGTT GTTCRAGGCA GTICACAGAC TGGAGGG0GG TGGGTTGLTT TAGSCTCTTG ABCGTTGETG GLTTAMGATA 400 |
401 CAGTCGO0G GAANGGGARA CCTTTCTCTG GTAKTTOGAG CGCAGAGLTT CAGOGTICO6 TAGGTGAAC TGOSGARGGA 480 |
481 TCATTAGMAG AGGTTG

™10

1 AAGGTTGOCT GTCGTGCACS ACGCTTCOBG GBGATOGADG ACAGGGRAGD CTGAGOBGCC CTCAGACATA TETTGEGTGS 50
81 GGGTGGCTTC CACAGARAGS GAACOSGANG GTAGTCCTT GOCATGAGT TOGCCATGAR TCCATTOCAG GCGAGACOS 160
161 TCCAATTGOG GGGAGTICTC GAGABCCTTT GCTACCAAGG GAGSGGSTAC TTTGTOGAGC AGTGCTOGCA GTCGAGCOCT 240
241 CTGGCCGAA CTCGTGCAGT CAGTACGAGG CAGGGTATGS TAGAATGCA AAGGCTOGAG CGAGATCATC CGCAGCCAKC 320
321 TCGAATCTAG TCATTCGAGE CAGTTCACAG ACTGCACGGC GGTGBGTTGC TACGCOCTTG AGCGCTGGTG GCTTAAGATA 400
401 GAGTCGGOG GAMMGGGAAA CCTTTCTCTG GEAGCTACAT COCAGAGTTT CAOGSTTOCG TAGGTGAMCC TGCOGA 480
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77—IZT HHEORZHE ~ ONITL & Bacillus Bl & ~
EHEEE=S%YE BAREHNEY HAREX

3=

FULT ANV ADEGED L HITHERH 50, SROERETIIE NMIERT LY
ANVAFERE TR R TERW. ZZC,MERON TV A7 77— ThHLIZ,
EMROERETHLRICEREFEREZIT ) ZENTE, [TANVZADEYD L A I
DOBREBETCEZDHEEZT. NI T VA7 7 —UNED XS ITHEE IR L
HEEDLONEIMT D7D, NI T VFT7 7 —VIxT 2 ME Ek O Rz %
A, Y EEP RO AR E RON WAL T 2 2 EREETH D, BUVE
EEE © D ONITI % I\ TE AL 2> & HiffE L 7= Bacillus J&fE ~ D &Y & 5~ 7=, B4t
DO T2 BT 5 6 FRAZHEEL 7=, ONITI OFEZMEZFT I 25, 4 BT
ERERSNTZ. ZO2H0 1 DThD SW6 MG KE T 208 MEEH IR,
16SrRNA BB T DB 6 A4 X OMONAEME & L THE 4L T b Bacillus
barbaricus & & \WMARIMEZ FF> 2 & 2380 & 22 72 - 7= Bacillus barbaricus @ #] #2423
U SWE 1L, LKA TRY FN2 I VAR 285 L2 &R, N
TVFT7 7 —VREBRIC L > THEEN LR Y 7 VX I U EEAREETID SW6 12K 58k
LIEHREMENREZE Z DD, MHOMRIZIAT 2ME L, MEHORECHHHMEICKRE 72
WRBLE RO, NIT VAT 7=V L > TH &2 SN DB T DOKHRRE
D, A EROIARBRICLEEL TVWDHI I ENELN, MEENZTIVA T 5
—VOMEERZFA L TRRUCHRWENE 2 52N TEL0E LR,

2 WHEEM

NI TVHET 7=V LIFMEICEETHDVANVATEL. NITVET7 77—V
PR 2 HiEX TR A 7 vy & TRy A 7 v R sb. THEEY A 7] &
FART T VA7 7 — U BME IR L2 BRICE O DNA ZiksE LT L, MEo
AORLEE 2 il (W) L TN~ S, 2k ikRshTn. TERY A 7
v llE, N T VF T = UM LRI N T U AT 7 — O DNA 2
MO DNA ICRYVIAEN, MEBSDBHEETHZLICLo TR T I F T 77—
WIS 5. WRYA 2 NVDORIT U 77—V, £ EYUTH Y L THIED LR
LnFa e, WEHYTA ZNVICEDY 7 7 —UBARA~L SN Z EnmbiuTn
5.

MIA L TINZ o FIOANAREDIHFFKRTH D 7 ANV ZADREGD L < BB
MDD, MEROFERETIIE MIERET L2 VA NV ARITABETHE S Z LN TER.
ZITC, B MIERT L EF WA T U ATy —VIZFER L. LML, KIBH

1



BT AN T VAT 77—V OREEReHBERREOHREEEBLB T ZEALTLED
RN HDT, NI T VA7 7y —VOFEEE L TCRBEIIARE & HIE Lz, KRR
T, BEAEMIAHHA SN THWLIZRRME L L CHEEICER L, MEREIZEET
HNRITVE T 77—V EAWLZ LI L. MEEONN TV 47 77— Thiig,
B OFEBRECTHREIEREEREITH) LN TE, (DA NV ZOEGED L A 12
DLBREBETEDHLEERT.
MEEICERET 277 V47 57— & LT ONITI A HILTWD. ONITI IE, K
%5 (Kimura and Itoh, 2003) IZX > CTHA I, 1TEAEOREMNEDOMEHE
B L, MEASI SR T, £/, ONITI I T ORDES THLIRY F b 3 Uk
SRS DMFIENEEZFF o Th Y, ME RIS T ONITI NIEANT D &, KOS9 7%
wMQK@ofLiat@,%%E%Kkofﬁﬁ%&émfmé R,

S IS B Bacillus subtilis & S iU, # S E T AR ONITI \ZEZPETH D 23,
WG FEEEEME D 72 WA E IS S R D o005 ORFT 2002) .

NITIVFT7—=VNEDLIICMERITEE LEE ST L0028 5729
i, XTIV F T =PIk T oM ER O e, Y WEAROND
BRERODNRVVEE T2 ZENEETH L. MW EICHK T H2MEETZT Tk
L, WANOMBREEZREEL T T VA7 7 —DICx T 2RI, WEE
ERTTVFT 7=V OY c BEICEDOD DMABDLEEFALNCT L ENME
Thb.

F WS E LI D Bacillus J& e TlX, Bacillus amyloliquefaciens 7> ®NITI D J#
PrbZFHZen@EIN TS ORF 2002). MG EOARIZRERET Bacillus J&
MEICHAER L, MEZ2 D < b 2RWATHEE S Bacillus subtilis TILRWHIEIZ DWW T
DNITI |23t T DA RE T D L ER S 5.

AWFZETIX, "I/ TVFT7 7 —VEGEO L 2Bt E2HEEL, N7 T Y
F 77— Q@NITIZ KT % Bacillus BRI ORSZ A LT 52 L2 E L.

3 MIRAE

(1) MEEDIEE
WMEREIZTIWE LD oML, MEREE LT, Afto®EHE 25 MY, B
DOREME NS TK1, TK2, Cto®EME 6 MZ1, MZ2, MZ3, KM @ 7 #£
BB T L — N ERDEEICIE 1.0% KU XT b, 0.6% BERETF A, 1.5%
FER, 0.5% NaClaZfEH L, WERHIZIZRER ZRE, SEREMIZIX 0.7% %
KEMHA LY., HRMEORE 7L — MIBY, AN, F7-RBRE Ok
HiciEE L, =L (20~30C) TEHZRELL.



(2) T F % D<K HHlE O BB
G & & e Bacillus JBIXMNEVRFZ2 BT 50T, BANOMEEHEZHGLT-0
2, EWRRERTTO 2 EHETOKENGRD L AL, 121°C, 10 43 O IE % ji L
AN ERREMO FICEWTEEREL, an=—%28k. B—-0an=—_C L T
BCETMEZ 6 BRIEEEL, SW1~SW6 & L 7-.

(3) EE&1 oONITI B
IR UT- ONITI VAR % EREEHICIZEEMR & BI< K 5 12B Y, ke CEEE;
# LM T 55 -MIE MY, TK1, TK2, MZ1, MZ2, MZ3, KM ¥ X U,
B4k O BLEE L 72 Ml SW1~SW6 2 1FIXEATT 5 L 9128 Y 30CTH & L 7-.

(4) EE&2 WMERK
KREZAKFEWL, EHET 30 RMAL, 7 —r_XUFTHEEY Y — LIy
O, B AR D HEE L 72 SW1~SW6 & T E 2 B 5 L2 S MY 24 2 )
i, 3T C T Wik LT,

(5) EBX3 HEMH Bacillus subtilis FEMLG T F IV A FT—EELGFDOPCRIZE
31808
MEE Y Y F— LB LT, 7 7 %:® DNeasy Blood & Tissue Kit % i H

LT DNA #ffitH L7z. S. Ashe b (2013) D FIEIZHE, = R —Fik
RFIZ2W T, Bacillus subtilis 72 77 4 ~—ZH L TP CRAZ{To7=. 7
7 U—R7F7A4~—%&LTENIF (5-CCAGTAGCCAAGAATGGCCAGC-3’), V
NWN—RTZ 4 ~<—& LTENIR (5-GGAATAATCGCCGCTTTGTGC-3") ZfiH L
7o, 77 A=y %O F Y 2 DNA G —EXZHHLTT 74 ~—%HKL,
#iZKC 25pmol/ p LICHHBE L CTHEMH L. DNAKRI AT —B L L THE I T NAF
t0 EXTaq #fH L7z b —~ AV A 7 T —EZT AT v 74O —27T KT A 322
ZIEM L7=. PCRMAEEDIL 1.0%7 Hu—AF LESIKEC L > THR L.

(6) 32E& 4 16SrRNAEEFDP CRICZ & 5 EIE
MEZ VY F—LMBELU7=%, 7 4% 0 DNeasy Blood & Tissue Kit ZfffH L
TDNA ZHhiH L72. 16SrRNA iz FIiZ>W T, 7 I 4 ~—27f (5-AGAGTTTGATC
CTGGCTCAG-3) L1 1492r (5-TACGGYTACCTTGTTACGACTT-3") % fii ff
L7z (Lane, 1991). 7 7 A~ v 7%t A U 2 DNA Al —E A ZFHL CTT 74 ~—
AL, #iAKT 25pmol puLICHHEE L CTHEMH L. DNARY AT —B L L THD
FINAFHD EXTag ZHEH L7, b—~AH A 7T =T AT v 7O —27 K

3



5 2322 ZfEMH L7, PCREGIEPEMIZ 1.0%7 Hu— AF I)VERKENC L > THEZE L
7-.

(N >—o TR

HME L 72 DNA Wi i, 1.0%7 o — A7 VESIKE) TR, BiE DNA WA
EHEDWRICT A7 IV — RTI74~—%RE Lok e, HiE DNA Wi % &t
RIZVN—=RAT T4~ —%EE LTEEWRICOWT, 77 A~y 71D DNA f#ir 4
—E2EFH U CHEIERSIOREEZIT > T2

5 L= BiE DNA W o 3Ed Y7 — % 1%, Applied Biosystems D Y 7 k7
=7 Sequence Scanner % W THEF L7z, 15 517z PCR H#iE DNA Wr i o FE AL
FITEIZOWT, NCBI OfizEy A7 A% HAH L CTHEMED @O LR A /iR L
72=. %72 GenBank ® DNA 7 — 4 X—Z2 /)L EEH O Bacillus subtilis O Y J i 5]
HMa AF L., Tamura 5O Y 7 v =7 MEGA6 ZfEH L, 15 b/ AERd
BT T A A NEl{Tolz.

4 #HE

(1) ONITI BEFEHAER
FEB 1 THRME S EZMEE MY, TK1, TK2, MZ1, MZ2, MZ3, KM %
L%, BEA D HEE L 72 M SW1~SW6 (2O T, ONITI IRk 5K PEA2 f~7-
EZA, TIRMENOEEE LIEMEEITETHEE L, AL 7Z/MEIEL, SWI1,
SW2, SW4, SW6 N EE L7- (¥ 1).

1 THRMESLUHENADISERLIZMEE L ONITI DBEZHE
MY, TK1, TK2, MZ1, MZ2, MZ3, KM (Zil# T HROMEE, SW1 226 SWe 13 2p4t+

MO HEEELZMEZ T, P ORMOMEIZ ONITI 280, BEITT 25X 5 ITHE
R oTo.



(2) WMERAK

B2 T SWI1, SW2, SW4, SW6, I KO bF7 i E MY & 575 L
FERETIEARGINAET A, SW3, SW5 Ml LI KE Tld, SW1, SW2, SW4,
SW6, MY %z #f L7 BIC Ao N BERREIZ/R <, ARbilhkhole (K2).

oMY

M2 MEORK
BPAR7 O B L 72 d K OV RN SR O M T 2 BB L 7o RELICHERE L 72, SW1 226 SW6 (37
SR D HEEL 2B, MY XTI RO EE A2 R T, OFIMEBREZ, XIIMERTE o
P 7 N



(3) #EH Bacillus subtilis HE2MLE TV FTILHF—EEEFDP CRIZ K D11

Fhr 3 TEAN O HEEL 72 ME SW1~SW6 35 X OV &2 5372 e MY (12
DNT, VY F— LRI LY M A L, SW1, SW2, SW4, B XU E L7z
M k> MY C PCR M O IR 3 R T & 72 (K 3). Tk v, TFoho b ERER
L 724l 6 £k 3 £k 2% Bacillus subtilis T& 2 AIEEME N E W ERIB I N 5.

SW1 SW2 SW3 SW4 SWo SW6 MY cont

2000

*

3 Bacillussubtilis F 2B TV FSIL AT —EEEFDOPCREY
FED L — 34 R~ — 5 —T, LD 2000, 1000, 750, 500, 200, 100bp T 5.

1000
150

500

200
100

M

SWL 238 SWE IZEFAR 200 BHE L 7= A, MY XM S SROM T #E % R 7.

1 ONITIIZxHT HREZMH
BPAh7 HERE L 72 AT SW1~SW6 IZ DWW THEBR 1 O FER 3 2T o REZE LD TRL
b DTHD. ONITI DEWENR B -T2 HEG5 O, BrolcZG % X TR L. MEDNEK
ShieGars+, BRI hofa%a2 —TCrLi. PCREMPAONTLSLEEZ +,
Roiemrolaa — Tl

SW1 SW2 SW3 SW4 SW5 SW6
BB O O x O X O
ME TR + + — + — +
PCR E# + + — + — —

4 o—HO T REW

B oh 7 D B L 7241 SW6 122\ T 16SrRNA #5742 P CRICK W EEL, v
— 7 AR AT o oSSR, 1215 O EHIE @3S 54, Bacillus barbaricus &
99% D FATRIPEAY FL 541, Bacillus subtilis & 91% D fHREEN & 5 7= (K 4).
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AN

1988’8

A

SW6
B barbari
B subtili

B4 SW6 @ 16SrRNA 3
L — I AT DT
B : SW6 &AHFEMED W

B barabari 1% Bacillus barbaricus ,

A

ATGACGAGGA GCTTGCTCCT CTGATTTAGC GGCGGACGGG TGAGTAACAC GTGGGTAACC TGCCTGTAAG ACGGGGATAA
CAGATG ¢ TGATG T
CTCCGGGAAA CCGBAGCTAA TACCGGATGA TAACGAGAAG CGCCTGCTTC TTTTTTGAAA GTCGGTTTCG GCTGACGCTT
G G TGITT C A G AMCAA  GT C AC A
ACAGATGGGC CCGCGGCGCA TTAGCTAGTT GGTGAGGTAA CGGCTCACCA AGGCGACGAT GCGTAGCCGA CCTGAGAGGG
A A
TGATCGGCCA CACTGGGACT GAGACACGGC CCAGACTCCT ACGGGAGGCA GCAGTAGGGA ATCTTCGGCA ATGGACGAAA
c
GTCTGACCGA GCAACGCCGC GTGAGCGATG AAGGCCTTC- GGGTCGTAAA GCTCTGTTGT CAGAGAAGAA CAAGTACCG-
G T m 8o T 6 T
~-GAGTAACT GCCGGTACCT TGACGGTACC TGACCAGAAA GCCACGGCTA ACTACGTGCC AGCAGCCGCG GTAATACGTA
T A 6 6 A
GGTGGCAAGC GTTATCC-GG AATTATTGGG CGTAAAGCGC GCGCAGGCGG TCTTTTAAGT CTGATGTGAA AGCCCACGGC
- 6 T Te ¢
TCAACCGTGG AGGGTCATTG GAAACTGGGG GACTTGAGTG CAGGAGAGAA AAGTGGAATT CCACGTGTAG CGGTGAAATG
G A A GG
CGTAGAGATG TGGAGGAACA CCAGTGGCGA AGGCGGCTTT TTGGCCTGTA ACTGACGCTG AGGCGCGAAA GCGTGGGGAG
ACC T A
CAAACAGGAT TAGATACCCT GGTAGTCCAC GCCGTAAACG ATGAGTGCTA GGTGTT-GGG GGGTTCCA-C CCTCAGTGCT
G AR T @ T
GACGTTAACA CATTAAGCAC TCCGCCTGGG GAGTACGGCC GCAAGGCTGA AACTCAAAGG AATTGACGGG GGCCCGCACA
CAC 6 T A
AGCAGTGGAG CATGTGGTTT AATTCGAAGC AACGCGAAGA ACCTTACCAG GTCTTGACAT CCTCTGATCA CTTGAGAGAT
G CA TCCT
CAAGCTTTCC CCTTCGGGGG ACAGAGTGAC AGGTGGTGCA TGGTTGTCGT CAGCTCGTGT CGTGAGATGT TGGGTTAAGT
AGGA -G -
CCCGCAACGA GCGCAACCCT TGACCTTAGT TGCCAGCATT CAGTTGGGCA CTCTAAGGTG ACTGCCGGTG ACAAACCGGA
T
GGAAGGTGGG GATGACGTCA AATCATCATG CCCCTTATGA CCTGGGCTAC ACACGTGCTA CAATGGGTGG TACAAAGGGT
ACA A c
TGCGAAGCCG CGAGG
A A
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5 ER
(1) @NITI TEET % SW1, SW2, SW4
ONITL DY B TI%, SW1, SW2, SW4 B L O ME N DRFE LD
B C ONITI DREGERRER TE 7. THUTRSIMME Z A L 72 M & X O PCR
MN BT E —HT 5.
ONITL DBEYERBROFER L WV ERICEDOH LME 2R T H LN TE . £
D% FEER 2 DM T IER, FEBR 3 O Bacillus subtilis FiRy™ 2 K7 )V hF —¥Eis
TOWIENS SW1, SW2, SW4 PG HE CTH 2 ATREENE W E R IR 5.

(2) ®NITI TiAHE L Bacillus subtilis ¥ 2= PCR EEYINBIE L AN o 7= SW6 (2D T
FEBR L, ER2 OMEND, SWE I ONITLEZMERNH Y, WMEEKEELZ -2

ENDMEETH D AREMENE W LR STz, L L, EBR 3 OF5HR Tl Bacillus

subtilis 5] PCR FEMI S B2 D L2 o 7. & 2 THBR 4 T 16SIRNA AR 71220

THERR S Z RE L, NCBlI ORFEEIRAE ZIT>72L 25, SW6 L Bacillus

barbaricus YNG48 #: (777 & v~ ¥ 2 > No. JN700207) & 99%MH[RCTH 2D Z &3

Moz,

YNGA8 tRIZ ED L 5 e E TH 20 AW Toh 573, o> Bacillus barbaricus T
A X OWONAME E L THEINTWDH] (Sun 5, 2008) & & 5728, MEOD
RO TTHLIRI ITNVEIVBEKRENEZ LS TWVDH W) ILHEHITRARY 672
VY. 72, Bacillus barbaricus @ @NIT1 23t 2SS RATHY, MEEH7 7
— VL L CRH &N ONITL 23 Bacillus barbaricus (Z/&He 92 20 & 5 I T H N 722
AN

B0 L) D, Bacillus barbaricus @ RIEEME AN BV SW6 (X, H HHFA TR Y
TNHEI VBB REN ZEE LI Z LN RB I, TOBRBRICIE2 SO NS
Zbib.

1 OREANZTIVAT7 7 —=VICEDKEHETHL. IR s I UG
RRE N ZFFOMIEICK LTI T VAT 7 —UPEYGE L, R T Z I UBRERIC
BET28EBEFBNZT VA7 57—V DNAICIRVIAEN, BYEICE-> T SW6 ILE
STEFREMNEZ NS, ZOLEEPE LN TIVFT 7 —UN NRFEA 7 L)
AT ATEMEALT 22 & T, SW6 IZIEE TR Y 7 v 2 I U EBREGkEE ) & %15
LD TIERWIEA D DA,

2 OHIE SW6 WA T VAT 7 — VR L IR LI\BRETRY 72 I UBE
RAE ) & AS Lo afREER E 2 b5, 77 A2 R d DNA 45 FO Y AR
FORY 7B I WA RRET A S LoD TIX RV,

LSBT EFROVTONNEZ > THDDONHEND T,
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(3) @NITI THEBE L AL SW3, SW5

ONITI D FEYRER TIE SW3 & SW5 TOREN A LT, £-MEER THLME
B TERPoT=DILSW3 & SW5 L7220 —F Liz. 20 2 SDOME T HEE T2
Wy, BEE CTIEH2PMEETIERY, B LIEMERE TH IR E N WVE
ThorLFEZOLND.

4) BHNHLHEL-MEOECHER
ASEIOFEBRTHERE CTh 2 AlRetEn mn LR I i/ SW1, SW2 , SW4 & ek
MR B >7- SW3, SW5 22O THED LI RMETHHNRET H720
16SrRNA s T IZHF H LTy —27 = ABIT 24T 720

(5) &Y%< D Bacillus BHIE #kD B 5
S HIZL V%< O Bacillus JBEEOHEE L, BEREE ONITI (2T 5]
PO BEfR & TR T2,

K

I
527

6) HALLDT7—DHB

BHANOCDOT7 7=V ORMBLIOMEKLE 7 7 —VHKEZECL TEHRIRLZ T
7=V HEBEEMNE DR LT E R KON SW1~SW6 7 & O MBI g S, J&
RlZEZDH DMABDLEE R DT 0.

6 #Em

NI T VFT7 77— ONITI \ZXt$ % Bacillus JEME QK= ME2 R <21 T,
16SrRNA & {7 fi##T12 L SW6 23 Bacillus barbaricus & 99 % @ & W [APE % £52
ZENHE MR ol ONITI FEZ MM ELIERIZB T D451 b A bR L
5, SW6 IL ONITI JEGIZ X D KB IC L > THRY v I VAR 2 5 LT
EmEBZOND.

Bacillus barbaricus 731 * DR DOHNAME & L THRESN T D06 H Y, HHY D
BRI AT 2 E Y O RRMIR I R E REBZ RO, NI/ T VAT 7
—VURBRICE S T SN B TFOKPAREN, HIE &MY oHABRICE
HEL WL EREZLN, MEEANAI T VA7 77—V OMAEERZFIA L TH

RV E DL DN TE D0 L.
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Analysis of Data Encryption Standard (DES)

Miyagi Sendai Daisan Koukou

1, Background

Information security is becoming very important in an information
society. There are various technologies to protect information, such
as authentication and encryption. An old encryption known as Data
Encryption Standard(DES) was used for several years and
considered powerful.

2, Purpose
DES is no longer considered a safe encryption, but in my study, I
hope to learn from it and create improvements.

3, Encryption and Key
Encryption + + Changing original message into another one.
Key ¢« + A variable which determines its transformation in
cryptographic algorithms.
Ex) [T am a high school student|

[JBNBIJHITDIPPMTUVEFOU/]
[One position up the alphabet.]
a—B b—C z—A

Key

4, Structure of DES

Flow of key

@ Divide 64-bit key into two
equal portions, C « D.

@ Shift C and D respectively.

@ Get output 48-bit subkey(K)
using C and D.

@ Repeat O~@® procedure 16

times.

Flow of sentence

(D Divide the 64-bit sentence
into two equal portion,
L-R.

@ Encode R using K, and
input the 48-bit code into
S-BOX and get 32-bit
output.

Encode it again using L.
Repeat O~ procedure
16 times.

N2 RN
C. D,

S n

C,

64

Original text
]

N
Ro

Shi
C.
Shi

Cs
Klsg—k

48

= S S-BOX
—  XOR: - - Bitwise operation

Cipher text ..

References

Hiroaki Maruo

8, Conclusion

S-BOX is the only non-linear component in DES. It is very important
and makes DES strong.

There is a problem with the strength in DES because the number of
possible keys is only to the 64th power of 2. Therefore DES is not
popular nowadays.

According to this study, however, if a 2048-bit key is made, while
maintaining non-linear encryption, the number of possible keys will be
to the 2048th power of 2, and this new encryption can be put into
practical use.

I would like to continue the study and develop new method of
encryption.

5, S-BOX

Divide input into 6-bit sentences.

lInDut I

f—
[ S

I COwtbt ot I

In each S-BOX, given a 6-bit input, the 4-bit output is found by
selecting the row using the outer two bits (the first and last bits), and
the column using the inner four bits.

gi‘1441312151183106125
0 156 7 4 14 2 13 1 10 6 12 11 9
41 14 8 13 6 2 11 15 12 9 7 3 1
15 12 8 2 4 9 1 7 5 11 3 14 10 0 6 1

Input [100001J] =Output [15] — [1111]
As the sequences in the S-BOX does not have linearity,

S-BOX 1s non-linear
6, Disadvantage of DES and improvement

Disadvantage

9 0
5 3
0 5

7
8
0
3

Key is too short. (64-bit)

Improvement @

Lengthen the key. (2048-bit)

g
Need 256 S-BOX.

Problems @

Need 1024 non-linear number of

sequences.

7, Study

The total number of the sequences using 0-15+ + * 16!
Necessary non-linear sequences * + * 1024

./

Required ratio of non-linearity is

1024 1
16! 7 20 winmion

1) E. Okamoto, [Ango Riron Nyumon| (in Japanese), Kyo-ritsu shuppann co. (2012).
2) H.Yuki, [Ango gizyutu Nyumon] (in Japanese),SB creative co.(2014).




Improving the Propulsive Force of an lon Craft

Sendai Daisan High School

Komura Tsubasa

Ishikawa Chihiro

I

craft to learn its principles.

In studying the asteroid probe Hayabusa, we became interested in its ion engines and how we might improve their efficiency. We studied a basic model ion

Applying high +
voltage to the
copper wire
creates a strong
electric field

which ionizes air
molecules,

Aluminum foil

These protons are
attracted to the

aluminum foil and This downward

collide against air force of air
molecules to * propels the craft
create a downward upward.

force.

creating protons. |

v

_ A power source
Copper wire

Balsa wood

Aluminum foil

T

Experiment 1 If the distance between the aluminum foil and the copper

wire were changed, we wondered whether or not the

propulsive force would also change.

@  The distance between the aluminum foil and the copper wire was set at
45.0mm, 50.0mm, 55.0mm, 60.0mm, 65.0mm, and 70.0mm.

@  27.0kV was applied to the copper wire.

©) The process @ was repeated 15 times in each classification to get the

average.
The Result
Changing the distance between the aluminum foil and the copper wire
o 0.010 A}
2 0.009 S
]
2% 0008 A —~
&2  0.007 /?——é/
2 8 0.006
2 0.005
< 0.004

45 50 55 60 65 70

Distance between the aluminum foil and the copper wire[mm]

Best Result
When the distance was 65.0mm, the average propulsive force was the highest.

Experiment 2 If the width of the aluminum foil were changed, we
wondered whether or not the propulsive force would also
change.

@®  The distance between the aluminum foil and the copper wire was fixed to
60.0 mm, and the width is set at 30.0 mm, 40.0mm, 50.0mm, 60.0mm,
70.0 mm, 27.0kV was applied to the copper wire.

@  The process @ is repeated 10 times to get the average.

The Result

Changing the width of the aluminum foil

(]
(5]
& 0.008
0.007 -
(]
= 0.006 A 4
[ .
2 0.005 ~~
8= 0.004
o 0.003 —
:.‘ 0.002
z 30 40 50 60 70

Width of the aluminum foil [mm]

Experiment 3 Copper wire was wound around the two balsa wood
uprights. If the number of windings were increased,
we wondered whether or not the propulsive force
would also change.

@  We measured the propulsive force when the copper wire was
wound around the uprights one time, two times, four times, and
eight times.

@  The process® was repeated ten times to get the average.

The Result

Copper wire was wound a different number of times

Q
g around the two uprights
3 0.0070
© 00065 T
-5 0.0060
P s C——
2 n ——=¢
B 00035 e
¢ 0.0030 <
g 0.0025 1

0.0020

1 time 2 times 4 times 8 times
Best Result

The propulsive force was highest when the copper wire was wound one
time around the two balsa wood uprights.

Experiment 4 We changed the shape of ion craft body. We tried a
triangle shape, a square shape, a pentagon shape, and
a hexagon shape. We wondered whether or not the
different shapes would produce different propulsive
force.
@®  We measure the propulsive force created when using the triangle,
the square, the pentagon and the hexagon shapes.
@  The process® was repeated ten times to get the average.
The Result

° Changing the shape of the ion craft body

(8]

S 0.006

.g 0.005

< =0.004

g = 0.003 T

s 0.002

0>5 0.001 ﬁ

< 0.000

triangle square pentagon hexagon

Best Result

The propulsive force was the highest using a square shaped ion craft
body.

)

Best Result
When the width of the aluminum foil was 50.0mm, the average propulsive
force was the highest.

Sl BEfIZE
http://www.showa-sokki.co.jp/Technical_Note/Si_unit_convert.html
NFEOSE DAAVIVIY ~SimDE TOFA
http://pub.nikkan.co.jp/uploads/book/pdf_file4d37cfc441c24.pdf
RIIRIVF—HFEA T D5 —]

http://www.ando.jp/free1997/lifter

TTL

http://rogiken.org/ttl/indexj.html

BERVIIUSEZR YIEED
http://www.geocities.jp/kawakoubutsuribu/




SCience Of m iSO SOU p ~What kinds of liquid are hard to get cold~

Sendai Daisan High School

Aoi Nikaido Hotta Misato

1. Introduction

Japanese always eat miso soup for breakfast. We usually put variety of ingredients such as vegetables, tofu, mushroom, and so on.

We usually like our miso soup hot, so we focused on the way liquid get cold at first.

\View point No.1| : The way liquid get cold is different by ingredients in it.

\View point No.2: What kinds of liquid are hard to get cold.

We would like to apply this study to a cooking miso soup finally.

Items for study

mixing machine, iced water

First experiment procedure
1. Heat ingredients until they become 80°C.

2. Put them into beakers of water, and

beakers, water, ingredients(seaweed, fried bean curd, tofu, nameko

mashroom)5.0g, thermometer, thermo-cup, Easy Sense, the automatic

Ingredient

¥

compare the temperature changes of the water.

Result
e— tofu
NGO Temperture chenges .
seaweed
6 fried bean curd
4 -
.
0
-2
s & z & £ £ 5 5 & 2 Z(min

Seaweed made the biggest difference

Only nameko continued raising the temperature of water.

=(Consideration: Seaweed’s large surface area may cause the big

Second experiment procedure

changes of the water in the beaker.

Result
(°C) How ingredients cool down from 80°C
100 e fried bean curd
— seaweed
80 tofu
e nameko
60 |——
40
20
0
o 9o 9o o 9 9 9 9 © 9 9
s 3 2 & 83 3 & & 38 3 3
S &S X @ F b B = B & O
1 =3 =] =} o S S o =) S —_
S & o o o o & o o o 3(s)

1. Heat ingredients in the beakers until they become 80°C.

2. Put the beakers into iced water, and compare the temperature

Items for study
beakers, water(300ml), seaweed(0.01g),
starch(0.25g,0.50g,0.75g,1.00g,3.00g), Easy Sense,

a thermometer, an automatic mixing machine, iced water

Experiment procedure
1. Put water, seaweed and starch in a beaker.
2. Heat it until it becomes 80°C.
3. Put the beaker into iced water.

4. Record temperature changes of water for ten minutes.

¢c) How water cool down from 80°C

100 starch
0.00g
80 0.25¢
— ().50g
60 0.75g

1.00g

40 3.00g

20

0 100 200 300 400 500 GOQS)

The more starch water contains, the harder it gets cold.

= Consideration: The thicker water is, the longer it is able to maintain heat.

Ingredie{t@
Iced

l water

aBr 0. O
———

We coudn’t see any clear variation.

= Consideration

So, any water got cold equally.

@ Iced water was too cold. @Ingredients were too small.

~ 7 A= FERO LG (Basic Knowledge about the Experiment on Marangoni convection)

5. References

_________________________________________________________________________________________________________________

R0 Z DBEHIIREHDIZ VD ?

4. Summary & Outlook

Summary

@ We don’t know if the way water gets cold is related to specific heat.

@ We think that the thicker water is, the longer it is able to maintain heat.
Our final purpose is to make miso soup that is hard to cool down.
We want to do more experiments and find out how to keep liquid hot.

Next experiment procedure

1. Put water and seaweed and starch in a beaker.

2. Heat it until it becomes 80°C.

3. Measure the speed of the seaweed’s move by convection.

JAXA FEHFIEE A B http/fiss.jaxa.jp/kiboexp/theme/first/marangoni/kiso.html

(Why doesn’t Nameko Miso-soup get cold easily?)

RYRIEAGE T SEE B/ VAR 8 4F ZR7K EH httpl//www.shizecon.net/sakuhin/49es kasaku_2.html


http://www.shizecon.net/sakuhin/49es_kasaku_2.html

Verification of the genetic divergence of Zostera Marina
using a Microsatellite marker in Matsushima bay

Sendai Third High School

(MWhat’ s Zostera Marina?

seed plant

Gramineae(=plants like rice)

iR
BT e

(2) What’ s Zostera Maringd s bed? st

— It’s the place where there are a lot of Zostera Marina.

Softening Becoming

the current hiding place from J

oceanic life

(B)Washing away Zostera Marina
Zostera Marinas bed was washed away by Tsumami of the Great

East Japan Earthquake.

Before(2009. 11.12) After(2011.5.25)

TYERDHE

B Seaweed bed [] Sand&mud [l Muddy water = Land&Farming raft . Shadow
(36 2 [N B8 UK BRI A2 2 2 ZRETE L0 B4 IRETE OWERIREL O S i AR )

(4) Damage from transplanting

We have to be careful when we transplant Zostera Marina.

If Zostera Marina growing in one place is moved to other places is
having different kinds of DNA, they will have a bad influence on each
other.

(5) Genetic analysis using a Microsatellite marker
Mr.Shimabukuro found genetic speciation of individuals about
annual Zostera Marina in Kagoshima-Bay using a Microsatellite
marker.

What’s a Microsatellite marker?

[ ATGCAGCTGTCTCTCTCG ]

A)[ GATCCGATGTCTCTCATG ] B)[ GCTGTACTATCGTACGAG ]

—It’s far in genetic distance.

—It near in genetic distance.

C)[ GCTGDATGGTCTCTCTCA ] —It’s the same plant.

J

We will check how short the genetic distances among

Zostera Marina from three spots.

=Y

J

2232 Hirofumi Watanabe 2236 Honoka Takada

S
I
J
s
el V
p
£

(1) Collecting
Collect Zostera Marina from
these 3places.

1. Matsushima Bay

2. Mangoku Sea Shore

Sendai ©

3. Shizugawa

(2) Extraction of DNA
Dry Zostera Marina by silica gel (
and extract DNA with Qiagen’s Va i
DNeasy Plant Mini Kit.

(3)DNA amplification by PCR (Polymerase chain reaction) method

Use following seven primers used in the previous study, and amplify DNA
extracted in (2). And we electrophorese the amplified DNA and check how
much DNA amplified.

Used Primers Primer’s name Base Sequence’ information
Al Toasnmr G110 TAGTGGETGGT TG TTGGAG TG
-1 GCCTCTTCCTTC CTTCCL
CEACGATAATE I TTGE
GCTTTTCATTITATOCAATAGTT TG
GO TGGATTCTGGTTTTCG
GCAT CTCTTOTT T TGOCE
TGAAGA COCAGAAATCLC
AGATC] AGATADCACCE

LA, FLENE

CTTCTCCT TOOGOOGCTAC
TCTTTACCAACOGATCTCOR
AAACACAAGCAAAACAGTTAGTCAG
TGGAAGGAGTTTOGATGTATCL
GEGAGATTTGCAGTGTAGAATTTAG

We found amplified DNA products near 100 base pairs and some GA
repeated sequences in G4 and CT repeated sequences in CT20, but we
couldn’t decide the clear number of GA repeated sequences because the

base sequences information are not reliable.

[T -

=

(bp) M G1 G3 G4 C3 C17C19C20

1500 =

CT20

500 = : Srrfreriredtreeeedeeden?

(Analysis of the base sequence by
PC software)

100 =

(Result of electrophoresis of
the amplified DNA)

J

We want to increase the experimental population to improve the accuracy
and make the experimental results exact. Also, we want to consider about

hetero individual.

- BIREBICAERT D AT ~ERFMEEREBMOBEI 2. BER KDL, AAKEFSSGE, 78% - 2 5, p204~211(2012-03)
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Production of Sodium Chloride’s Crystal

~To Form a Bigger, More transparent, Perfect cubic crystal quickly~

Sendai Disan High School

(Background and Purpose)

It’s difficult to
create
a big crystal.

Difference of
solubility by heat

is very small.

It takes much times
to create a crystal.

(Experiments and Results 1 * 2)

Kaho Igarashi

Equipment and Materials : baker, cylinder, glass rods, pipette, filter
paper, for wrapping powdered medicine, dispensing spoon, electric
scales, distilled water, sodium chloride, cobalt chloride, hydrochloride

acid , sodium hydroxide

Experiment1
Grow transparent sodium chloride’s crystals having
cubic crystal structure

Resultl
The shape of crystal approached a block

in the shape of a cube !

But

It didn’t become a figure which is surrounded with
six congruent squares.

Experiment2
Examine the processes during crystal growth
of sodium chloride

Result2 .
The cross point

in the crystal

could be seen clearly

Chiemi Suda

(Experiments and Results 3 * 4)

Experiment3
Observe how the crystals change by the quantity
of impurities

Filtered Filtered Filtered
o O O O Q<
O

090 0

Result3

the highest degree of transparency and

the most beautiful shape

1 Filtered three times

1 Filtered twice

1 Filtered once

the biggest crystals

Experiment4
Try to add ions to produce bigger crystals.

. Na ions
. H ions

o
® e
. Cl inos

OH ions

Result4
the highest degree

the fastest of transparency

the biggest

no distinctive

(Prospect)

We will do test more experiments and gather the detailed data from now on.
We will change the physical viewpoint the chemical viewpoint and advance this

test from a new perspective.

(References)

Ohttp://www.technex.co.jp/tinycafe/discovery49.html DL fpkE |
Ohttp://www2e.biglobe.ne.jp/~shinzo/jikken/NaCl_cubic/NaCl_cubic.html & D
fbih 2B R L RIZE ST B

OFRMER
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