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Explore the Mystery of “Yamato Tamamushi”

Takeru Shinohara, 2rd grade, Shuyukan High School
Prof. Toshiya Hirowatari and Assoc.Prof. Satoshi Kamitani, Kyushu University

< Purpose and Background
It is said that “Yamato Tamamushi” Chrysochroa fulgidissima is

the most beautiful Buprestid beetle. Its wings have been used on

some ornaments such as Tamamushi Shrine located at Horyu-ji
temple, and it has affected Japanese culture for a very long time. In recent years, however, the
number of Tamamushi has been decreasing. Also, while its beautiful luster has been kept for
over 1000 years, an adult of Tamamushi cannot live for a long time. Actually, at first they were
able to live as short as one week when I was keeping them for research.

Thus, I thought that by focusing on mysteries that have not been solved, we would keep them
alive longer during research and be able to preserve the habitat environment.

I started research when a junior high school student, and I have been researching it as an
activity of biology club at high school. Regarding advanced contents such as electron microscope

observation, I conducted observation at Global Science Campus.

< Material and Method
I learned basic information by investigating some documents, but I researched substantially by
observing and making experiments while keeping them.
And in terms of the research of male and female discrimination among Tamamushi, which I
made as main theme in this year, I researched by using the method below.

I made a first experimental equipment (Fig.1) that has a big )
. . . Fig.1 Fig.2-() clear
column made of clear rigid PVC sheet and plates which divide _ —

the inside into three equal space. Then I put males, males and
females into each space, and observed for an hour. However, 1
was not able to find out the tendency, therefore, I improved it.
Ultimately, I made a second equipment (Fig.2) that has a big
column made of black PVC sheet and a small column in it. Fig 2-(2) black Fig.2:® net
Then I put males into the space between big column and -
small one, and observed for an hour again.

I presumed (Dappearance, (Q)sound or vibration, or
(3)smell or pheromone to be the means for discrimination,
and hence I made those division plates and small column by using @clear rigid PVC sheet,
(@black rigid PVC sheet, or (3)a black net of a small mesh. I conducted 2 sets of experiments,
using three kinds of division plate in first equipment, and conducted 3 sets of experiments, using
three kinds of small column in second one. That is, I consequently did for 15 hours.

Also, as one of the investigation to clarify the difference of appearance, I observed ultrastructure

of wings of male and female by using electron microscope.
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< Results and Discussion
® Lifecycle
Five to 20 eggs were laid in a crack of a dead hackberry (Fig.3). After
hatching, larvae of around 5 millimeters (Fig.4) went into the trunk. They

grew for about three years, eating dead hackberry, then became pupae. The
stretched wings just after molting was white, but about 2 days later, the color
became blackish with luster (Fig.5).

The adults lived 2 to 4 weeks, eating leaves of hackberry. During mating

behavior, a male was riding on a female (Fig.6). As for egg-laying, a female

Fig.4 larvae
extended its ovipositor, searching a crack by using it, and laid eggs (Fig.7). after hatching

. - 3 . — ! - i r - .
e o & : Fig.6 mating Fig.7 egg-laying
Fig.5 transformation @ @
® Male and Female Discrimination ¢
In this experiments I found that they become more active Fig.8 the schematic diagram
d mal h femal fron i . t of of Fig.9
and males approach females more often in equipment o blue - males  red : females
(®net (smell or pheromone is much influenced) (Fig.8, white : stuck to the net

Fig.9). At the moment, I can say that discrimination is

likely to be done by smell or pheromone.
However, there are still a few problems such as a

shortage of individuals, the differences of the equipment,

and the order of the experiments. Therefore, I should
enhance the reliability of the data.

And, in electron microscope observation, I could not find Fig.9 males’ approaching females
out any differences in wing microstructures between males and females at 2000 X

magnifications.

<& Prospects
Through experiments, I found many things that had not been found before. However, there are

still some mysteries and problems. Hence I'd like to continue this research.

< Principal Reference
Ashizawa, S. (2006) “Tamamushi Lives Longer When the Environment is Bad — How to Keep
Tamamushi”, Tokyo Book Publishing Association
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H AR WIARRSZERREEE EREGh)

OMAEDHW - B

SKFEI Vv BT I I H A (Trachemys scropta elegans) 1%, HAE, &H BTl A X
NIEENRES M CEIE L TV, AR SICHELZ KT T ENBEEITWDS, 20
LR EZ T, BEA T2 743 . ISR FN ILITE ] (ZHBW\W T, AFfED
A« AR5C & B3 25 7o 0O OVEEE N 2 BePEICED B L0 D et AR LiEo, W7 H. B
AASDORFEDREBIEOP LR, BN T DB E 2 G E L T < 72D 1775
SITAREHE T m U =7 M) ZRRL, SCREMIEIZES LS TRESCRAEY ) ~DfEE L
BEtd 2 v FmtearmLic, Lol EEHAZED 5 LTl TEEZR, AZOH DI
B4 2 B e F 9t BAE TR EE 2 TEIWIEZEITOIL TV RD o Tz,

EBFE B Tl SR 2 O D, AFOARE LN T 57O O AT > TE I,
Flo, WEREENGIT, HT L ORREEDERS, (KNORVE UM ET it D —5
& LT, WK oA D EAR & THERE H 29703 2 EIR O BIRHYZE IOV Tl
EATH> TETN, WEOWME T, AREOEEO—EIZ, HTH DX/ NF H A (Trachemys
scripta scripta) & L U2 AEES 2 FFo b O\ Z LD AL 2 iR OB RN
HEPALMNIT DI 2ERE LI EIT o7,

B, FHI. BgEs T o 7L OBBUR, R SRR OTEE) & L TITV, DNA AR Y X
7 —¥ % M\ 7= DNA OHlEC, Rty —47 % — (NGS) & HW =B stE S oM 7 21,
FHERKES B — LY A T Ax p AR FE ((P-U) O—8ELUTo7,

OMRDEE - BE
I a0k
WARBRAET B L OTERFRGICERT IV Yy ET I I I T A &2, [EHNERITA
23ATANGIH EMIZHT TR y 7 THEL, SMNBERE (MR, Fis, THE. BT

R (KEAR L) ZFHIL7z, 2Ok, WMEOME: (R hvEeZ—LF U o7 A5 %KE

WAEIKE 10 0g H720 5ml B FEH) I X D ZEIE L Filnds L UGESRE (IRER, FARA,

SRR, IR, IR, FRER. BRE) ofil - SRIEITV. TR ENEEZFHIL 214,

ETNHD—ET 0% T VA= VDASTZAT J 2a—ENTREE L TRIELT,

IT. EARAIRAT
BIL7ZI vy 70 I I ADIBLRRAMMRE . BIRAT L2k T T A58 &

DREAZRNT, FEERFAAL T A = ZAZEWRE 2 —T, BIBIEROZEM R0 %

To7z, 2D mtDNA OHEIESNOT —% (ZECHKL]) ZHie LT, ZRN R 5768

WAME T 527200774 ~—ty ML, —~A %A 7T —TPCR Z17\, A

B Uiz, OB ERSOT —2 %26 L1, &x OEERN EOFEE M oE 7 & FE{l

LTS D, 2RO 2 kT 5 Z & T, 2FEHIZI 1T 2 mtDNA O LRSI o g &
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A—9 FHE KF
fENT 24T 572, 7o, K VM7 DNA BT 247 5 72, £ DNA (nDNA) HiZhd~A1 7
a%7 7 A4 FEHE L, nDNA Z#i~7-, 512, NGS # T, mtDNA O RS %
WE L7z (16611bp),

OBRLEBE
O 2fEMICHIT 5 mtDNA O FES O b - fifhr

2D IERFH| DT — X TERN R ENT- 2 4 0 FTOEEEZSEIR Tl L, F—D54&
O HIETHLGAITT & UTHEL L, R 1 TlE, 20D DIEEOERZH 2 (Max=24,
Min=0) . ZfEA/ NS (ZR—DOEEOKNR L) GEITE L OGRS BENRE N (=
[l — DI D720 GHEITELVOEEHEIR R L, ZORNPL, EFEFHOI Y
CYETHIIHADM -
%W XD K X 72

EXRONRNZ &0, F
NZ I A D 1A (Kibal)
OHEFERLHNIL, B0 H
DIV ETHIIAN

AOREEFEBL TS "~ [%1] mtDNA O (1,454 H5J5) Dbk
Z E BRI D,
@ ~A47uaH%T 714 FOHEEIZXL S nDNA fEHT

HIE S W7o~ 7 a¥7 74 & MultiNA (BERUERT) THIT L. S ohi- Ny RR%
— & LTz, M11E, nDNA DR EOZRARE = ZRm LTcbDTh D, F/NTH A
BB\ RXZ— (HFICRRTT/RLTZ) N, AARTEIHL TWHI Ty ET I
IA ALK
ERNTNDTED, s N\
4235 S0 B ] :
JIITIE, 2D

uw)

A7V FEK
WEENTNG B
AR RIS 2
nas. 5
OSBNDELE [X1] #IESE7ZnDNAD~A 7 08T T4 FDONRY RRE—2
L EOFAE TIE, BEix 2715 T, mtDNA 35 L0 nDNA O, I3 v BT HIIH AL
X XTI AOEIERYN O ZITH Z LN TX Tz, 5%iT, ERICHAT2EEEEZHECL, 2
FEDELDOWMIRRLZ DN TER 2 LV FEIC T L7cnweEE X T D
OXESEXM

[1] Yu,D., Fang,X., Storey,K.B., Zhang,Y. and Zhang,J. 2014. Complete mitochondrial genomes of the yellow-bellied

axi=1
45186
47106
42106
@42 _J
H11G6
(520 HE

g

slider turtle (Trachemys scripta scripta) and anoxia tolerant red-eared slider (Trachemys scripta elegans). Mitochondrial
DNA, Dec 26, 1-2.
[2] Xin,C., Yu,D., Peng,J., Hu,H., Xing,Y., and Liu,X. 2012. Ten polymorphic microsatellite loci developed from the

red-eared slider (Trachemys scripta elegans). Journal of Genetics, 91, 100-102.
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A—10 FURKF

REUMPDENRIRETICEITS 7 FORBE
Fil B (BEEER R 2 4F)
HYHE M (BH) &ct EKRT)

OMFEDER - B
ZIVE TR 3 AERIAT o T & P HR MU N BRI B 1 :

AT Y NOEBERT, EUMUNENBEL. Mo ﬁn
RERELHEOHIICENE 5252 & 2B LR LT 2 E§§f
Fle T, X LHOMTE R ¥ — DRSO i gical
INEFBBE B L2 LIS L B HEMRD B L iFie sy BE £ f}
Thm, YIS Ot T, B LR O PR R — BT {&

-

BDREMIEE 2B [H/NENREIZBIT 5 By o —rume -
A iEBR (Space Seed) | HFZE (2009) IZBWT, YA X7 na ook

i ‘ : B1 Rk W2 (R0 EER B 5 )
AT NFHOMPNENGRE T T, EWRAER (T D%

HNOREERMEET) 28T TELHI LMo, TiE, HEOICLTWD BREAXELEY L
ATEBRIZZER T 20OV THIRZRBER Lz (K1), EHREOEIENREDOAEFICE
DEIBREENRS DO, REEZEVFE 2RI CEIRRENE T T50E 5020 To
FEMIT E o TRy, 2030 SR RICITA AKEEEN TEINTVWDLS, AR FHICE
HWAET 2RO BB OMRIIRE 2B L 70D, AFRIL, BHEO b~ MNEEZ FEZBME L LT
A, BUNENBRE T CREZEDLEMOEITRZ AL ST 52O O REMEME L LT, BIED
287V 2%y NTEM LU/ NE DRENSEN b~ FORERRIZED L D igBsr
B2 500%, FFFEMICHGE L 7=,

OWFEDHE - RBE

A ELE LT, M RFEBTERE X — I VRt E2Z B E~ A 71 b AER
FEEHE, REBRICHWZ, BEOETZX 2 ETHEIZRT, #HIEREEIL 26~28CIZHEo720,
= (&% b—%FxFy Mie—2—FIH, 2 : R AIH) 268 Lo, BERERNO
ZERDIFERZAT D 7o, /IEEME A L7z, 7:00 205 23 100 @ 16 R¢fi] LED 7 A ~Z
X DG 21T o 7= (FREA LEDS £T:620 nm, &€ LED3 £T:465 nm), £+ & U CHEE LEH (A&
DHFEE, TIEOEEEEIA) Z Az, B 50 mL DK &HHEIZ 1 BEOHEIE 50 mL 2, Hi %
BO(1GERE) BILOEURMU/INEDNRE (nGBRE) £A, B2V —7THRIE LRy MIE
RTce 3D 7V 2 A%y b (BAE) IEHeHEER, SEEisg, ¥ — 27— 71 2 i (G,
1.3 [A#5/45) LED A h (F Ly RAR— RIZ LED R 11 4T, S5 2658 L7z, i oEm S,
INFERFOFEOERE S, BHE, [, MOEBABLHEA L L, B, HO5WIEEHB LT 2
ERHWTEI L7z, lREBRROXERLEDOE L ZOWmOBIE LT,

B: 9 /2%y B nGIEREN T HEIE)

% A: 928y bA (e GIRIERZ H$ET)
H

LT | C1GE RN v 7 2A (GIRIZER T $15)
DIGBE B » 2 2B (1GEREN 7~ )
|E EFR5H (EZEFHE)
Fir—EZ2y Mt —4%— (RFEFMH)
Gk E

HIBEET

Blz. EBEBOEHE (L) ESBFFORBBETT S 2 (B 1 G A BERE o G: U NEHERIE

©
E—LL
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A—10 HIRKE
OEBL LR £1 MMREARERTER
TP ET DT2DDZFAF =T, WNHOKSL mhms %#WEWE)
(G; gravity) 32 125

KA OWIL, AR K DO E, %< D
REPEANTITOI T, EDRREFEFR L CTHEIHRE
TRHRABR D ATEERENE D, MUNETBRET
b~ M a5 LR T, XTI
AL, FERY OKEEEZEME) ST %08
ONREEERRD OGN (R1IBLOEHEL), £
7o, BUNE R CHES L2 A . EONHEE Tol
I M ek IR & bhils U CRE 22 L, H B E S MRV & OB DO, FENRH KT
LSS E B DN ERbhoTs (F2), £, EoOFIZHEIIHEK TW i hoTz, X
R TOHBTMHEmMZ R Lz, THHDOFED 1 D& L TRESORD BT D IR0 E /K
WL DEDEEREOWOPNEZOND, ER+HICHET D2 ETIEIESPITEEL R -T2
WCEORENBRF TIEF o272 EZ2 N5,

2 3 $.

HG %2 RFRNOEBEEBORRNTEZITOEHDOHK
e g HEER ESHIEOBR(FY)
. SERE DENBENLET 27
g TermECET 52

E"! NOTENELET 63
HARDIER  HAEIER EI0EZNETLET | 94
TH1 E¢ RO MR SERE DEANBNAET 46
1G(Hh EX$888%) L2 (LEDSAH ELECET | 66
H1E) (CEF (B w GGHI!;J.&!JI{}E R 2 [ 71

= Eor
Sﬁjjig))éfé%%g)ﬁkiﬁb RI0BZUIETSET | 136
OEBDOBE

AHFFEOME A X 3 1ZRT, @MW, WUNE IR T CAERER Z L & T AMAF
%ﬁf@%iﬁﬁf%éiﬁmﬁét@c\%Eﬁ%ﬂ*#%%*bf%to;hif;ﬂ@
1Tolo b~ b HWEERT, BUB/NENRE T T, M Tr2/EL2 EF b~ NRELZE15E
TRV, ZOFRKE LT, BERHOBREITMOIOMEN S 5 alfethENnE 2 bz 2 &
O, BE, P~ bOEIELNDIHSFHEL LY XD LI LTED TS, FAUIARMIE
DT FERIFIC, EOLEY HFROEOHEDE W (BE2 ) &, Hilh¥E iz L TWb, Zh
ISHE DR HF D RKBRTOENE B X OND, 4%, WYPEFTRETHTWIERERD
ZALIZHER L, MUNEBRE TR O LR RENH3ICHE LTV D OO I b BIT

TWERZW, o, MLV OBIEEZINA T, TN TE T T RS 25 L CHIE
BB Th B, —— N
4 (B5h-BRORELEEHN]
SRR DAL EORROE (=LY BACEEROR LI
ElEERAORAEIZAALEL FRRACSE L 1= AT RETE
VEDHR LEOER N
SAFHROBLELVENEAD n;if;i{;ﬁ!t:*w%——b‘+9l:ﬂbhf;ﬁ\-:vf:
(FOEOEETIE) A
\J A J
Tﬂéﬂi&i _tl?lé‘-tiﬁ&-'ﬂﬂ @gﬁ(m&y%f—m[-ﬁgg% (ﬂﬁﬁﬁ‘ELL\tﬁTﬂl](&t—?I#ﬁ} )
FTEDE ®EcER IR ETORRA M LR TEL
BE2 = DRYAORREEVIZEE 16 ORL <L TOBRBEMA TR im’”iﬁ“&(?“ﬁb’*""
(Hh_F#188E%) (1 £ (C Fra=(C=hiEy MNEHEHTREOEFHELN ;23&;&'—’:\75
(%) v GURLMNENE QL TES fat&#&“i?% ROHA DA H L
DEZF(CEDENRETS(H) \FHTHNERAT SoLERNT X af

OEXEBREMR Space Seed/NEIBREIZE

3. KREOHE
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A—11

i
o
T}
>
S

FUodLLORBEEERARCICET 50K
ey fbge  (ARRSLKHE L@ 2 4F)
fEE =l kE (FHERT)

OMRDEW - ER
FUODLVICIFECADND L, EAXRBICHAIREMGRRIGEVNVSHEELAH Y., AR
NODRBEZTERIZ, COEEMESNDZZENMBNATWND, FZT, FVTLVYDEK
MTHDZTVEANT, ERIZXBUEGERAXISHEESNIONEBHELNCTDIEEBHHNE
LTHEEZT o=, REMERAXDIZHERLICEKTIENHDHE5IE. HEEH S DOBEN
BRI (AW ZRTEIL-T&Y L, BEENGRE (M) Z22TE7L—TOARRE
MEmRICHRES N EFE L,
MERiE. EREBETHTV. BITEFBEREIO—NILYASA TV RF vy VXA T,
OMEDH*
BENAE7 VR EEEN LB T7VRBESALEZTORX Y TLYOXRBR ARG EHDE
Bxfrol=, A _C
(28 1] RBESXTICRBKICKT . e
KB 1]EANT, ¥V TLVERL— MAICEE., N I
A, B, C. DoéZizfri h&iLsx L=, . =
A XEBEHERRIGARDEZ L (2[E) -
BLC:(1@E) |

| L
D:(0M@) B D
[£82] BENIE (KHOBL) 252 TERBIIKT B 1 3% % D BLER

REIZ/OFAF7) 1 0OEKEZEKL. MYBLAER, FUITLYERZ— MRS
BT, A~DnEZ Iz ek, REIZIE, 7IRELQRWVWKSIITRE—NT A —
5L,

[REX 3] BEEMNRE (KMsnEM) 252 TREBICKT
BOdLYVEA—TIZANR, 70FF7) 1 0EEKEANEBRICOPEANER. XV
JLVHEA—EroRYEB L, REA—FMIRIZCEEZT, A~DOEZ I MEsx Lz, &
BIZIE, FUBRDELBVELSIICRE—NRTI—5FRH LT,

[RE&4] RBESZTICREICKT (RE—1RUHE—)

[EER2 | [ERI|TTUDNBEEEDIDEHCEDIZEH LERE—NRIZ—DOHRERN
BEHITRE—NTF—ZBHLERBRERANT, FUILVEAZ—MIRIZESE, A
~DoEZ I hERERLT,

FoTLVIE, KE8m~13mDA R, A XK1 5{@EKTOEE 3 OBEEFEERL -,

OWRLEE

fER1 ERBR1~40BATRBUEGERARICICERENHDIHE SN
J— L AD #XBHERRICOERHTY ZADH L, R1OKSIZT—REF LD,
x1:7—4

O[m (D) 1TE (B&C) | 2[ (A)
SRER 1 0 8 22
RER 2 0 9 21
2B& 3 0 11 19
KB4 0 13 17
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A—11 FHEKEF

BREDHER. 4 DD T IL—THETHEEZIEIH N AN D=, (p =069, Kruskal-Wallis  test),

- ER

MENGRBEZ T 7L -—TEEENGRIBEZ T L — T TREMERRISOENE
boah->EBHELT, BEENAT URIBORBEODT7) OXENDLEILr>EhE Lhgnve
EzbNb,

FRREAOPT, AVITLVNBEBREMNIZREZ—RTEDLSICTEE, T EMNSEDE
BEBZDILTIYBRRORREBIEDHSZLEaTRTAE. BRENEOAEAE LA
70N,

'#%2 FREBLTHEALHIZE > EXBEMER RICDIER

—42ZBEILHLE 1TEHEBOA2—Y (R2EKH) 12X, 2EEOZ—Y (K2 7RKH)

>|o>

B D
TREBMERARICE RE S EEHEA DG MERIZH D, (K2 - K2)
M2 Z2—rOHBEHICIECEREMERRRE
K2 F—UOHBEHITIE CEXEMERR RIS

22— DOHIBH XEMEmARIGH Y | XEEEAXIGE L
1 @E 116 (A+B) 4 (C+D)
2 [ H 83 (A+0C) 37 (B+D)

(2 —>OWHEBR#HIE TERRICOEE] EOBICEEN RO N (p<0.01),

- ER

TEEDA—2&KY 2EEOR — Y TREMEGARIEHNH#DNELRD EWVWSERAAE LW
mild, 3EB. 4REEFEXBEGRARISERTEERBENBEDINE LG,

(Z2—>OHBRH] & TEHmARICOERE] EOBREMELYFLIARDICEH, XEBE LY
RCLTC3EBLUEBORBUEGERARIENE DG N EERT 5L,
OSHORE

KMo OFHEXRBUEARICOBRE L VBERICHARNSLHIC. FVTLONEBREMX
B—hFTEEHZARKIZCTEHI L, MENLBRIBOFECEMFEZIECTI L, KBEREIEX
ELT, EBRLTOLERL,
O EESEXH
- Kevin G. Hegarty, Scott L. Kight. Do Predator cues influence turn alternation
Behavior in terrestrial isopods Porcellio laevis Latreille and Armadillidium vulgare
Latreille? (2014) Behavioural Processes 106 168-171
-FHWLF FO[FrdLvizEdsdon] PHPHER (2011)
- BINEKES, ADOL ZF [HVILPOKR Fr2FH5—MEAZSEL LA K] DU BOOKS
(2013)
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A—12 IN=p, =2

GREEEEFEHZEAL-HMETENMCHR L) ViBEE (PSB) OFF{EMERA
BLZEE (RBRSITASEERFTR 34)
REEME, KT8

OMEDHW - B

U d, BEAFEICB T DMEMEREDTDIZER, ) EEBICRBMAREND—DOTH D,

FH ) CERTH S ) A THRIIREL TB Y, »OFREERTHL, Lol

20~21 {HALDHEEICB T 2 ENM R BER O ARIEINC LV ZED ) A NEE SN T
7, ROV VHEEIIFEOREEENH Y, BARITIZY VIEATLILUNTFE LW zD, U
JLA D 100% Z A LT\ 5,
Fre rlE 7R REDOT-0I121E, (LFIEEFCHEEIZE EN TN D Y 30 T BEPICEES L
TERBLCOWLEIRMED Y V2 RICFIAT L2 ENVETH D, EEFOV 3k HIm O
BT NI =T DD NE I T A EEES LTI FTGRE BRI T X 720) O
HEAMEY T D,

HENEI A MG FTRE e B 0 2 B O EE G CTH Y, HIRAHA T2 2 & THREDES D »
RIRE 72 BIC X D AMB R BN R SN D Z E LN R > TS, HERO U SRR D
BPEA2 ST 5 2 Lk, BT Y o~ s BEL 5 ETAR TH D,

FFE D FEBEN 72 N 1X, SSH OFUEMIE O E L REROIEE E LTITW, U U IERE O
Bt - Pk SR ~OFFIH O % B s LT BB2FFEIEG S C Tt o 72,

OMEDAHE - FAEX

Bz 32120, WtaiEd 5, FHYEIE S b2 Est 2 il L BEICAR L 0D U U
il (PSB) ZHBEEL CHETHZ L, oo PSB #iEL4 k45 Z &, PSB H
HERR D U ESIREE ) A5 2 2 & ThH D,
DPSB 7 Hift

PSB (34 3HEE & (b Akt 2 e H U 72 Bk S Lo, VU= sy A EME—D ) VR
&% NBRIP ZEXEHZ WA BOEREIC L 0 BT 5, £72, 2200 U VIRFREE R~
VT = EER L -an=— % T 5, COBBETII N ER a v EHE T FETH D,
@DNA #ifitti & PCR g

PSB @74/ 4 DNA %, MEYEIZ XLV Hhi9%5, DNA fhitigz7 71— r& LT, 27F &
1492R D=7 7 —H /L7 T A =~ —% IV T 16S rRNA i&{sF% PCR THilE+ %, PCR g
1 QIAquick PCR purification kit % W TR 5,
ORI TE & T — X fif AT

PSB @ 16S rRNA & fs1 D EAS] (K 1500 bp) % 27F, 515F, F984, 519R 77 A ~— &
WTCIRET %, PSB HEERE O IEESIE, GenBank D7 —# _X— 2 T BLASTn Zffi [l L Ttk
DOFEHERK (Type strain T 5, RAEHIE, TS GEEZ O TERT 5,
@V SRIRREDIRE

YM €K 5 TAEH S/ PSB k4 NBRIP %K IO FKEIZ 4 » FrEfE L, 30CT 14 HH
B9 5, WERICan=—L 7 V7Y —COEREZFHUL, 7 V7V —EEEY Y VR DR
& LCEHMT %,

ORRLER

FEH L7 HHEORIRHE Y & EME L, U MR R R 1 IR T, FRREEY X 2 DO TEETK
TLENT 2o 720N, HE ST FIEEX T U VA0 B A R AR SR HE AR X G MBI S L S T,
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A—12 LEXF

R1. MCAEXL CFRERZMEMA LBt ESTOME (PSB), w¥tE (B) &) EEO KK

Soil amended with Available phosphorus* Bacteria (B) PSB PSB/B AR
: 5 41 5 A1
(mgkg )’ 10°cfug’ 10" cfug’ (%) FIRBC 7 Ht,
CMC 818 183 65 35
CF 775 235 53 23

Isolate No Clogest refative (Accession I‘fo,' Length Idertity (%) il% 21z j: 16S rRNA L{E%jﬁ? %geﬁu
SAHCI1  Pseudomonas plecogiossicioa NERC 103162 (NR_114225) 1450 14571459 (29.9)
SAHOM-2  Enferobacter asburise ATCC 35053 (CPOTE53) s wvusmy O BLASTn MR RIS %, CMC
SEHCMS  Pseudomonas piecogiossicids NBRC 1031627 (NR_114226) 1459 1457/1459 (99.9) . e Ny
SAHCILT  Pseutomonas plecogiossicida NBRC 1031627 (NR_114226) 1450 1457/1450 (99.9) & CF z il L7z 138226 o PSB Hif
SAHCI-G  Pseudomonas plecogiossicios NBRC 103162 (NR_114226) 1459 1457/1459 (98.9) z i Y
SAHCI-G  Bacilus megaterium NERC 153087 (CP009920) 1474 14741474 (100} HE Hij‘f%{@* EHQ%/T“@— ﬁh‘ﬁﬁ%ﬁﬁ
SAHCH-11  Peeudomonss Diecociossicids NERC 103162 (NR 114229) u weusn  OFRFEO SAHCM & F 550 SAHCF 1,
SAHCIA2  Pseudomonas plecogiossicids NERC 1031627 (NR_114226) 450 14571459 (29.9)
SAHCF-1  Bacdus funculus NAFOOT (NR 028524) w  wsaus e ALC AL CMC g 3 & CF fef 3%
SAHCF-2  Bacius megaterium NBRC 153087 (CPO09920) 74 14741474 (100) Ny . - .
SAHCF-4  Bacllus megaterium NBRC 153087 (CP009920) 474 4741474 (100) "o ﬁ%ﬁ LicZ &Rl T °
SAHCF-5  Bacilus megaterium NERC 153087 (CP009920) M4 UTAAT (100) CMC fifi H 1387 B U 7=, HLBERE
SAHCF-6  Bacdus megsterium NBRC 153087 (CP002920) W4 14741474 (100)
SAHCE-7 s ium NBRC 15308 ( ) wurs  wrwurecon . SAHCM-1, -6, -7, -8, -11, -121%

%2 16S rRNA 5 T-825112 5V T BLASTn D5 R Pseudomonas plecoglossicida (2 iT#%

72 Pseudomonas J&E DO#E, SAHCM-2
X Enterobacter asburiae (ZH %72 Enterobacter & D#liE, SAHCM-9 i Bacillus megaterium &
Bacillus aryabhattai |Z3T#% 72 Bacillus JEflliE & FE L7z, CF i 15805 Kl L 7= PSB Tl
SAHCF-1 iZ Bacillus funiculus, SAHCF-2, -4, -5, -6, -7 1% Bacillus megaterium & Bacillus
aryabhattai |ZiT#%72 Bacillus J&fiE & [FE L7z,

0 1 2 3 :iam:[er (;nm}? g 9 10 11 12 13 14 “ 1 j: 701/% ]\L Ct é ) /{@ﬁ@ﬁ‘é

I — WEIZH51F 5, PSB Bk 2 0 =— &
4100 JYT =V ERE ST LD
SAHCM-T Thh, Hiiao=— o 27132707
il V= ERERT, CMC Hifl H50 5
33%1; HHEEL 72 TH D SAHCM-2,

SAHCF-1 SAHCM-6, SAHCM-12 ¥k A3 Iz 58N Y
el LR AT LT

Sacr sCoory sCkarme | gy LT, CMC & OF &M Liz+
SAHCF-7 BT 72 5 RO PSBAME 5 LTV,

CMC Jiti f§ 4% C1% Pseudomonas J& D
X1 PSBHREpOan=—L7 V7Y~ HE MEAEE LTk, CF Mg
Bacillus B OMIE A E 5 L CTWW=, CMC fiti F§ H3E2 5 B L7~ SAHCM-2, SAHCM-6,
SAHCM-12 #ENERIZ IRV Y U IAfRBEZ R LTz,

OSRORE

3R A POREIE RO PSB RIS EZ G525 2 &, £ L THEM~D ) U GIC2 8 %
B2 DAREMED 8 5 2 L DVRIR STz, AHFFE TR S U R 2 s ﬁ*ﬂ%%ﬁﬁb\
T,a~vY TR EDEF~D )  OAFRRELMREET 2 TETH D,

OEXESEXM

i b (o a—FZ2 MW R (58 1 [8) ] + EWAEY (Soil
Microorganisms) Vol.65 NO.1, pp.55~60 (2011)
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A—13 BEKXE

VZDTILTIAPENFRLTHEBEN B EFHEHEAH

B R CRERSBA TR 2 )
HUMSE DI i (HECEBE R B AR i)

OMEDHMESR

HEBENDHEESFDHT-OICT =D T NT T ANEITNEI K - TEMEANE T 5 2 & 2NTHER
B NT &ofwé[ﬂ[ﬂ YENC LD ENEAFEIL T T T ) TR U T 7 e SRR 2 AT HEEh )
TRIDZZENABNTNDN, X EENEME I VEmThL U = T%ﬁﬁéh
DEZDHEND) ZLITEXZER U, FHICU=DTNVNT D RNENRED X HITHHTDHOMNC
a7z, &2 CARBFZECIE, Bl #AT@“E##AL&6®#\—ﬂ®ﬁﬁﬂgﬁ$¢
HOMNE NS T2 HORER A LS T 5701, TS N CrtIcBlE 21772, v =D
FBAEITTFROBFZFIBH I NDIFEBEUITHENTWNDZ ETHDS, LrL, 6N
FEOHFTEHINTZRUNTOBRLTH LD, AFEICL > TEBOBRTORW TODU =04
A OGN TED B2, 2B, AFRIINET —~ O ENOMAEEMOT X TEHEKR
£ HiGEPS T1T - 72,
OMRDAE

WK M R = IG G EBR T O CEEE S T2 ¥ =2/~ 7 T Clypeaster japonicus (T 1mM
Wb eFral) KR EFER LIPS 2RI LTz, Ii%E 7 ¢ V& —RIRHEK T 4~5 [BleE
L9cm H T AV % —UIZAN, £ZIHAR LB T2 AN TS, ZREINE 9em T A
~Vﬁlh\%mm?@0<0&%%Lﬁﬁ%%Cfﬁﬁbtox%75%@4M7W791
WEERBEERDO 12 XL —F (Lo AT 47 4 v 7t IZ 320 7,
12RTL—RMNIET A NVE—RARMKEZH L L THA Y IDXF— TR TTV YA FL
THRENET T D ORMOKRE ATz, ORISR KSR = IR i 525 O i C ol =18
TERESNTZAE (P, AUV, TV, AVA, RTIEA, U~uy ) X E) $EE
DUFKRBDRIRDIBE R EZFEBIR VIR E UTHER Lo, SR Z R T O 2R EZ RS 20
FORRIL T 4 V2 — X%@mf%ﬁbfuﬂjv~hww_ﬂhtomA7v~k®¢@&
a /<7 FIRIE 200C DIEIRAFIZAIL, 50rpm Tp-> < 0 LEH L CHE Lz, SIS IREMEE
LeicaMZ8 ZHWWTEK L% 2 HBE IR 21T 7=,
OBRLHE

12 X7 L— M2, fOMIEDIFRE L 1/160, 1/80, 1/50, 1/40 &R L C AN H D
Z1EIOFERT2EYy MTOED, 36ty NEBRZITo7-, ZORER, 1/80 f5ICAHR L THIK
AN 2L D—onE 3VEDIEF 72 4 Wi 7 VT 7 ZNAEDHIZ T LT 7 2 EDRTE AT
=L o2 b D (K 1A) BRSO -1, T2 T, ZONAER A 2k L CEEZT5Z LI L,
EJN 1/40 ECFIR L TR Z A= 7 = VL D—o 035 1%, 3PLDOEF 72 4 a7 VT 7 ZshAED
filL L AR #4xﬁdé< ORI 72 < RFEERNAE (K 20) BRSO oT=, T 2 PLofEk
@%W)M/v7v- B L. BiiE & =9 Z2 A2 20°C T 50rpm Tp o < W S HBFR L7 A B A
Bafeld T,
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X1 BT ook A
A B
Wil AT S 2 Hi% W2 AT S 4 A% W2 AT S 6 Hi%
a7 OSAEOKE T IITEILE I IR ONT, IkEH Lo 72n (K 14), 4 HZIZIZZ 0
AW RIIR 1/6 DRE SITHEAT S DD IRk IO SN SR S Tz (X 1B)

B 2 AT D 6 BIZLIZIZIE SR ERIZR D | (ROY A ANRDRRKE < otz (K 10),
BB 2. ZOBOBEZBIELTNWDEZATHD,

2 NS RBERE
A B C
Kiii e A Tins 2 Hig MR 2 AN T D 4 A K2 ANToD 6 Hig
INS SRFEEZRAE (K 28) 13, ZORBRAITIHILENFEEL, FHPPREEL TV

(X 2B,C), Fiz, HILENFEEL TELIORMEEZ AN TG 4 ARIC= Y Z AN, 25
b bk L CTAIH LB AT TV D,

WIZK 1 D& 5 DR 2% < BET 572012, 1 DD 7 = )W AORK % 1/80 fFIAR
LTCANTEDOLRICEET, 9em T A ¥ —LT30PEFo2y MAB LT, Ll $hED
Wr TR bR olz, ZNE TR T3 IED T ILT U R AETERZITV, 2 ILIZHED X
IMBRNR N, ZNETORRNL, ¥/~ 7 FIRTIEIHRER LT ENARET 5 2
L. IO DR E AT D 2 E RN ol

OSHRNDEE
SRIDOFERFMFTIIHE VRIS V=GVENFH LD oT2led, KRS U =GR

DRI DHFMERARDVER DD, FTe¥a /)~ 7 FEFTRAMIZV=TCHLRUEALDRE D
DINHEDD . 53R LTINS DR D A T =2 L OIRAZ R T2,
OXESEXH

[1] Eaves AA&Palmer AR.Nature 425, 146(2003)

[2] Vaughn D&Strathmann RR. Science 319, 1503 (2008)
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Factors influence avian sex determination and sexual differentiation
Hiroshima Prefectural Saijo Agricultural High School,
374, Miki TSUBOI
( Saijo Agricultural High School, Hirotaka NAKANO)

OAbstract

The reptiles determine their sex depending on the temperature, which is called temperature-dependent
sex-determination system (TSD). Based on the hypothesis that the birds evolved from the reptiles, it is
possible to determine their sex in the same way. We conducted an experiment by changing the temperature
of hen eggs during the incubation time from normal 37.9°C to 1 to 5 degrees higher, we obtained bird’s
offspring which were physically male, but genetically female.

<OPurpose
Mammals have XY sex chromosomes. It is a specific sex
determination style of males which have also Y chromosome -linked i
gene (SRY).
Unlike mammals, female birds have sex hetero type. Females have Fertilized egg
ZW, while males have ZZ. This chromosome configuration is I \

difficult for the industry and breeding unlike mammals whose male

sperm can separateinto X or Y. It has become amajor problem. So Genetic sex Anatuicat s
DNA Gonad

we focused on the reptiles that change the sex due to the effect of l l

environment (temperature). Reptiles have sex determination styles
o No change # Change
that are temperature-dependent sex-determination, (TSD). Under the

hypothesis that birds evolved from reptiles so they may exhibit this Fig.1 Scheme of Sex determination

sex determination style (Fig.1). In a previous study, sex ration
changed due to the effect of temperature during incubation and before sexual differentiation of avian species.

This study goal isthe artificial sex selection of male and female of avian.
OMaterials, Methods and Process of study

(D Control temperature was set at 37.9 ‘C to confirm  the temperature-dependent and sex-determination in
chickens. The test plots were set at 35.9 °C, 36.9 °C, and 38.9 °C. Numbers of samples were 25 in each
temperature. After incubation of 14 days, genetic sex and anatomical sex were confirmed. We confirmed the

genetic sex by DNA analysis.

@ To confirm the effects of lower temperature of incubator was manipulated. 100 were incubated in 32.9 °C .

@ Anatomical sex was confirmed by number of gonads and gonadal Fhioatcangh

3 §  immunostaining
tissue sections. Immunostaining was performed. Antigen was chicken Gonad MakE o
. detaching
vasa homologue (CVH, Fig.2). Fig.2 Method of immunostaining
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OResults and Discussion
Sex change due to temperature
Samples of sex change did not appear in the control. They
appeared in 35.9 °C at about 1/30 probability. Chicken may have
temperature-dependent and sex-determination. Temperature might
alter the sex.
(Result-(D, Fig.3)

- 37.9 “C (control), sex different birds were not observed at all. female

- 35.9 °C, one was & in genetic and 9 anatomically.
- 36.9 °C, one was & in genetic and 9 anatomically.
- 38.9 C, one was & in genetic and 9 anatomically.
(Result-(), Fig.3)

- 37.9 °C (control), sex different birds were not observed.

male
- 35.9 C, two were Qin genetic and & anatomically.

» 32.9 °C, all samples stopped growing at embryo stage Fig.3 Sexual organs and PCR products using

CHD genesin amale and afemale

The male showed scattered and glowing CVH (Fig.4).
On the other hand, females were not confirmed because
CVH was discriminated auto fluorescence or showed

unusual distribution (Fig.4).

Making of frozen sections male female
The male had anormal distribution with CVH was glowing Fig.4 Fluorescence Immunostaining for sexual

and scattered. But the distribution of CVH in females, had auto | organs of amale and afemale

fluorescence or unusual distribution, because time was short for blocking and technology have a shortage of
making a gonad.
Fluorescence immunostaining was not used in samples that sex were changed. Next experiment will use

fluorescence immunostaining in samples where sex was changed.
OFuture Plans

35.9 C isthe optimum temperature that sex change may happen, that why a future experiment will
perform to ensure the reliability of this temperature on sex changes. Furthermore, it is necessary to check
the presence or absence of fertility.
OReferences
Koopman et a., Male development of chromosomally female mice transgenic for Sry. Nature, 351 :
117-121, 1991.
Kato et al., Review: Gender identification of birds. Mem. Institute of Advanced Technology, Kinki
University16: 1-6, 2011.
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REOHRE - $2LICHEBZEXSERICET SHR

JIKESWRSIVI SRR 2 RPER 34 PRI M
YA PEARKE

Abstract

The reptiles determine their sex depending on the temperature, which is called
temperature-dependent sex-determination system (TSD). Based on the hypothesis that
the birds evolved from the reptiles, it is possible to determine their sex in the same way. We
conducted an experiment by changing the temperature of hen eggs during the incubation
time from normal 37.9°C to 1 to 5 degrees higher, we obtained bird’s offspring which were
physically male, but genetically female.

OWgEo B - 3%

XY RO ER ZFf > TV OO S . Y el Eo SRY IR+l < & A X127 %
EWV O PR ERRR A FF > TV 5,

LI UREREOMERETHOEETH D, Milges, BB, MZW, HEZ ZOMRER
ERD, AT e MO EEER & B O CHALIE L 10E S, T OY AR XY Raf
L OLAAORETESBET S Z LN TE DA L EVEEFHRBIEICB VT, KRE RS
LlpoTWnW5h, ZZCREGITERE GRE) ICX Y BT 2N R ICEH LT,

€ B FH TR AR A (TSD: temperature-dependent sex-determination) &\ 9 P E
RAZF->TWno, BHRENOHEEL7ZEED ZOWMIERXEZF > TV oa0b LZznén
RO S &, WIFFRFORE A B SEDL 2 L THEEEZD I LN TEL2O0TIERWNEE X
Teo BIoFEBELMEZZ(LSEDL LY, BEERICEOVMEZE(LSIEDLFNLY T LT
PEEFIHOREMEN B E D & Bz,

w& BINL S OMBEDPEA /71T Th D,

WD AR 72 N I1E, SSH OFEMFZE DR FEDTFEN & L TITW, BEOMIRE A 1 =X A
DR Z His LB t:, MR 2a0 72 D AR — B2 EHA O A SR RS O 7 &2 1F 0 fg defal
L AREEDREMLFRIZ S 0 — AP L T AF ¥ L RATITo TS,

OO FHikE - 7 et A

O=U MV IZBT DIREERFEREZHERT H-DIcar be— 37.9CE#F, 35.9C,
36.9C, 38.9COREBX ZXEL, L4 25 HTOMIPL, WrUNE I DM % 5 200 7otk
& DNA &2 L 2 @B 2R T 2,

@iBR X 35.9C THELBEDHENZ N2 LD, fiFH a2t 2 IR T O AR O ALK
W2 K DR D AT OWREY) T 2Bk L CVH & W =g Ye 215 H LI SEICE 2 FF e
HZ LT Tue—FF 5,

Of R LB L

BHE DR FERAEM I E (TSD: temperature-dependent sex-determination) D F (BT,
JEYMIREE 35.9°C TR FRIME & AR FAIMED — B L 22 W EAR S 3K &, 35.9°CTIEAY 1/30
DOMERTHEILEERNHI L= 2 L2720, £, AMBRORIEN/HIEZR L O TRV, #E
> THUE, CVH Z MW ATERES Y R O@Eot e @Il AT a2, Glh2< R
BARAICHE L < EF LT D,
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37.9°C | 35.9°C 36.9°C 38.9°C 37.9°C | 35.9°C 32.9°C
By 25 25 25 25 YT 75 75 100
REEFLH 0 2 5 8 HREFLE 3 (100]
BEOE - R 24 7 7 3 2 BRON - R Z2 45 10
@A 0 1 1 1 @R 0 2 0
£ 1 TRINRE &AL E &5 2 RINEE LA LIE A

RS S
%50 2.7 WMTa $

3850 456 WMMTu 9
DNAME ¥ cit I

X 2 mae

4 B -1 35.970 212 DNAREE TEH 9
’:\ i T s

B 1 WESRREC X 0 HEZEL LMk e P C REER

® 3 female
INHORRNG, MINEEZEBHEEZ(LOER NS LW Bz b, iFfFrtEo
BRIZBWNT, WIROABIEE) b AFENFRRE A2 S U R 2 B Lt e S e Bl a2 3 5 Hiflr &
M EXE5 2 0, AL LR MPFRLVE RBEORITESEZ %S L, BILE 25 R%
W3 Z T, BHEICHEITIINRET OO0 b 0 N5 Z 2T Lizo7%k
NHEZERINT,
OL DR
OMZELZZ EDERICOWTOMRAE
- JRERE T OVER LT YR & A
- AEFENRAH AR BRAE B0 7 D s Gu 1T K 2 BISER RO 52
s insitu N T VXA = a rERY, BiaORB K OVrAm O
OMEZEAL L 7z fEAR DR b~ D Pk
- MRS OO RIEIXMERICITZ DD, BRI XD EHBROBIE LMTA VWO T,
EALERZ b S8 5 HiEEB 2 T,
OFHESZUHR
Koopman et al., Male development of chromosomally female mice transgenic for Sry.
Nature, 351 : 117-121, 1991.
IEEC, =T 3£, AN . B3 BEICB T 2 MERERR]. T8 Ko B S geeT
fo 2, 16: 1-6, 2011.
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FEROEICE>TEXOEZND ~aV01 hEOHEFHRR~
XA - O CRBRFA X P EEH AR @ik 3 F4)
HYEE - WRHME

ORFgED B

KWFIE RIS SEEDS 7' 11 7' 5 WERKF A8 T T 72,
AAREITAABEITIE36FERONTND (BAED,1987), =¥ A WIHITEWIRFED S KEER
fECERET LM, FHAICT D3 v A BWETIRFOBKICAERT 2 KO, KR Eo
TR BEICT D Z &7 BIESELL L — R TIXRBIN 2R WER S,

Flo, aUA WEOBIRIITHE RO 7 v 1T ¢ F (Chromidina) & =/ A F = VENFAET
5o TNOFARIIETHEREMAZET-O, TORORREZRAHZLICLY, BFETHLaY
A ORI T DMENC 2D LB Z b, AFEO BIJIX, FERREED 2 7 A HFITD
WT, DHEFEREA TN, AL NCT D E L bIC, TR HOFERIZOWT S P
a2, FEHONCT 22 & T, FERORDEND 27 A BIHAOFEZHFT 5~ —T—IC
0D DBMEIDEFRDZETHD,

OWFFRD J7ik - BefE
WRIZEICLLTD 35D T7 Fu—F T{To 7,

(=Y A WEOEIPE O = EHIRFE BT OREEF#E O KPR OKEER 200m) (27T,
ARG S oo 7 A WIEEARIZONW T, KOKHOBEFIZITV., o7 —4
ayA FOTHEGRm L E MO LAabE, e onizle (Fig 1) .
RIEFAROEREOLE: 27 A DIEOBIROBHIEA 2 B LA BEOBIR 21T 72, [H
ENXT 7 R CHEE L R id~~ b2 ) - d v U & U AT B SE (1,000-2,000
%) CTBIEL., KROFHN - A7 v FE2IToT, ETFEROBERERNTOFEOKRTZEMFET D
720, [A TR OFEE BT AET D AV A A 1 OB g% EETLE TS (SEM) TEIZ LT,
[8100 T2 OfENT  RIE LTz v A BIEICINZ T F A a oA aE iz 3FaE xR\ RN %2
ATz, FFE2SD gDNA 4 L, PCR 75T COI Efn -2 HiE L, BRIKE TR LTz,

Fig.! VA DEOREDERELE EE
@

4 o @ @
3 3 £
<>§%§;_€ k %ﬂ:% BIELF=EBGL [mm] % S % [ & E | & E | &
Z=CitA SENEE 93.5 82.0 59.0 68.0
= BRENEE 82.0 720 49.0 54.0
[1]= 7 A HEOEERE Ot BANEE 385 40.0 285 340
BEERIE 305 28.0 27.0 31.0
s T A BARENE 7.0 8.0 5.0 50 3.0 3.0 20 4.0
$)4 11 {212@1:’7‘2"((2016‘ 5.30 T* EAY RS 46.5 54.0 27.0 23.0+a 275 245 36.0 320
- Hoi R 26.0 245 29.5 255 20.5 205 25.0 23.0
%) %éﬁ%—% L N t) 4 *?2'-( %%ﬁ E3E 23.0 24.0 285 30.0 19.0 19.5 20.0 20.0
Eapi R 32.0 335 34.0 35.0 28.0 28.0 315 320
%% « JLEESH - & DI bR 106.5 111.5 107.5 108.0 130.5 IR R 1145 IR R
5 ﬂ:/ s ”+{’E‘J ]‘/71:‘0 ﬁi‘iﬁﬁﬂ@&m R 13.0 13.0 12.0 13.0 14.0 IR #A 14.0 Uk
BiE 1>4>2>3 4>3=2=1 4>1>2>3 1>4>2>3
VC“li\ /J‘ é < i‘éj—faf %) D k Zii’//j NER/SNERL [%] 41.17647059 48.7804878 48.30508475 50

— 72 ONFEFR T E 722, Sasaki(1929) D Sepia @y EmHBRE THRRE LI E. “(D)Shell
lanceolate...(LL FAME)” @ 5 5, £ E 4 “(a)Tentacular suckers uniform.” & “(8) Tentacular
suckers unequal in size.” 2% L7z, (HL. ZOBBERIIIAERH V. @D FHIZH D

“(a)(D(ii)Tentacular suckers uniform ; first arms in male not thickened at the distal end.” -
S. tenuipes n. sp.DEPTIZHLEEZ B L7, S. tenuipes !t B) TiL72\ A3, “(a)Arms in male
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considerably unequal.” X° “(DFirst arms the longest in male.” T& % 7= (@) () D FALIZAIA
HEZTDSTENETERVNEEZZ HND, MOBEHZE UEEZEOBRRRICEZIL, BiFE
XV TR Y 274 71 Sepia tenuipes, #%#F1Tt A 27 A H S. kobiensis L7325, £ 7= B4 5(1987,
p.19) TO M FED L BHIPH & ARBFSEORER DAL ST KEIZ BT 5720, 2 OHEHII P G IX72
WEEZBND, 728, Sasaki(1929)i% S. kobiensis % 6 AR LT=h, £ OMRFBEFIIMD
HDOFETHEL TSR, IWE ORI BER 2 S, BUEOEmA BRI T var ZEAR
fEfk & L Cib iz nWmnt, EOERBICET 20 2Rz, £7- S. tenuipes DBRR G
(198N & DFLIRTHE 1 i3 35 L <HER L AMVER D 130% 2 #7113, A 5 D5 H, Sasaki(1929)
OREM L K, AFFROEERTERDTE & MEEOTNNSHE L TH—H LW eH, Z0
FLIRITRA D 72 LHWT L7, IS, RS98I L D & S. kobiensis DR Az L M 5
TARIFEDEARTHEARZEILS 208 M T~ M TR TH - 7=, % L, Sasaki(1929)® PLATE
XIX (Zi35R &R CHE L Tz, 7272 Fig 10, 18a IZITA FOMB R R 6D, ABFFEIZ LY |
RERRE AT, R —F T 6 HUls e BEIRE D FET D ATREME A HER L 7=,
PLEIZX Y, S tenuipes 35 LN S. kobiensis ® 2 FENRIE SNz, T b XV, S tenuipes.
S. kobiensis D 2 FRIIFEETLUT O LS ICRASITHEND EE X 5,

TQOfE ORI A —, 55 -4 [HARFIZ KX\ — 8. kobiensis

Qi DA IF/N S < 8k —8. tenuipes  BEINEWV -, BEIl - MAHHN—2) |
2% O RERHA] S, kobiensis 3 X TN S. tenuipes D7 L /3T — k536 Z L2 XUMRIE 23 I
D= F a0 L@ FIO=AF 2% 1 #TD, Chromidina % 1 FE$FOMEFE L7, S.
kobiensis OWEFIE D =4 F = UITHiBMIL E ZBEROBLE.R 456° T TWnWDH )
Pseudicyema J&. fth® 3 FidHii> T\ 5728 Dicyema J& & HIlr L7=, Chromidina O V-¥{KE
TRIFITEE U BRI B T2y, =2 A F = U TR EGlE O FEOHiE O FF 0 B 31
i ECHWr X, S RELEFE ChH o2y, FAROFEDEWD 2 7 A A OFE 257 5 sk
L0 E5 Z L afER T E ., (Fig.2)
[3] 2 FRAMOMATIE, FFZEEBEIERR DR AT, gDNA ORIHOBIEE TN 5 Z L3 TE T,

%gﬁuiﬁmt j —hAFam | “R=Fr
bﬂ_')'ﬂ'il_ | | Conical calotte Cap-shaped caione
OLBORL s | [Digmaspt |[Dimesps || [Crammapt]

Chromidina DFEZEZW NI D, AU A EHAD ?i"
5y F R ENT 21TV, S, kobiensis B XY S. ?‘
tenuipes D3RYE, FHHHE L TBEREORN L DL b S | [t

VIBGHIIZEEN TWA D E I E2H M4 5, | == =

36cells i 21cells . . BALE
v | 3.15mm
; ] Feae
¥ } ;[ 1.31mm
L =1 a2}
_— ' !

[Frewiiyoncsp 3| [Crromd

20cells + RAHE:
4.03mm
=m0 . FHEE

|

1.35mm
i [n=34)
I.'..

e

OEESZ

- Madoka Sasaki (1929) "A MONOGRAPH OF THE DIBRANCHIATE CEPHALOPODS OF
THE JAPANESE AND ADJACENT WATERS" The Journal of the College of Agriculture,
Hokkaido Imperial University, Vol. XX. Supplementary Number, SAPPORO

- RG] - )RS - YR ESE [ A ARKEMAEL osE e B KRRl m AR &R EHE] s
BN AAOKEER RIS, 1987 45 3 A 25 AFEAT

-l EHE [HEB= A F 2T OE LG L OS] AR Vol.21 No.3(2004)
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BRE 2KREDNA L DIEEREN

AR (R LERR IR i S 2 4F) . /N PEfEE (] LR ST BR324 2 4F)
PR (R LR SZRA L5 B s i 2 48) . I aofk (R R R R R L P - S5 22 5 4R |
RR=M (ENRNAUAGR 2 48)  AIEEIR (b (L RSZEBORME AR 2 48) |
W (AR 4R
HYEE RFEEAE, BREAMZEE (LK)

O RDEM - E&
SYBR Green I (BA'F SG) 1L EtBr (215 DNA fEE# e & LTaHNTWD, LaxLZd DNA
FEA OREASWIL AR FAVEAGIZOWTIEEE LK IFZES LT ey, REFZETIL SG L FEA D
A$H (ds)DNA & DFEE ZWIL AT M AL BENTT 5, & <IZ SG 2% dsDNA @D & D5 ITHE S
THMDERRD,

ASERIOWEIE, 7T —~DOREN DR EMDOT X TERFIERY 7o — L v /N2 1Lz
BWTIZA—T7M5E L LTEBLTWD,

N g
OHRDFHE — Q
SG 1% TAKARA 7SRRI O DMSO Ik & LTS Tnb, 2T N y
TR & pHT O UV ERARENR C— E DOFERIZHED | 35 ORI DOV / /
MBREZIRE LT, S6 OF/NLRELE LT pH7. 5 O U FREEENR N’ />>:<\ >
H1Cegn= 7. 3x10* DI & F =, Y @[2

AW DNAILATDO D TH D, 12 BIKT, TR AT D H D)

HIRD T GC ® A RN T 2 Lz kv, EoBEIENIAENIES 1. SYBRGreen I

TOMEWLNTT LI EE2AME L, Doy FHEiE,
dsDNA12-0=5'-AAAAAAAAAAAA-3" dsDNA12-2=5'-AAAAAGCAAAAA-3' dsDNA12-2e=5'-AGCAAAAAAAAA-3'
S“TTTTTTTTTTTT-5' 3=TTTTTCGTTTTT-5' 3'=TCGTTTTTTTTT-5'
dsDNA12-4=5'-AGCAAAAAACGA-3' dsDNA12-6=5'-AGCAAGCAACGA-3'
3-TCGTTTTTTGCT-5' 3-TCGTTCGTTGCT-5'

THHIEIZEGHRIN TN D O &L O TREMEICED L THW ., DNA FHiR H ORRER & L
Ci% 150mM NaCl, 10mM NaH,PO,, ImM EDTA, pH7.0 @ % D% Wz, WIRAY hVIEEHE UV1800
ORI YR 2 O EETRAD 26 JETHIE L7,

OBELEBE o
dsDNA12-6 A7 TFD 5 uM  SG D 0.60

WL A~ MV & 2 1R,

dsDNA DFFLEIZ L »C SG oWl [dsDNA12-6] >= 10 M
TALRH LD, E— I Ll By i

DR EBEER A -T2,10 3 0 uM

pMPLED DNA ZdEfrs g ChbERn AW

L EOZBIR R 6202 7-D T, 0.20

10 pM @ DNA (23T D SG AfsEE 1M
LizEExbhb,
—J7. 1uM @ DNA T7-E F DAY .
}\}I/{j: 0 ”'M & 10 “M O)EFIF'EﬁE]’:JfCEﬂ:Z 410 430 450 470 Wave]ii;m(m) 510 530 550 570

ZoR L TRV, EEED SG & dsDNA
ICHEA LT SC ENHAEESTIRD
S2TWBH EEDNS,

2. DNA E1FFD 5 uM SG IR DO A~ kv
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1E22D dsDNA [ZDOWTH AR ML AIE L72RkE S, SG 2% 5uM, dsDNA 73 0. 1~5pM O Tl
SG 1L /TBIIZ DNA IZHREA L CWD Z E Ny otz, £ Z CTilFlfED S6C D AL h L% [SG] = 5uM
DAY Fb, FERIZDNAZFER L2 SG DAY kL% [dsDNA] = 10 pM D A7 kL TRE S
BT, ZENLDOHLENEGOFTERIIAIC DNATHEAR L72 S6 D AT MARKREINDNE ) D ER

L7,

MUK TR SN R/ARET 0 77 220, RbHENPD LWEIEZRDTART hr
MEHAELIZFINK 3 TH D, 060

XD & HIZEAIC DNA ITRE A L.
SG DAY FVHNEHEE RSB D AR ) 1M @ dsDNA12-2e 4675 2 FED AN
FAOFE LGERICH HDEND o FO 86 DAY Fb 7 b

- N .
ZEnmhol. 0.33*(dsDNA |45
& L7 SG DAY
kv)

0.30
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0.66* (s8> SG
T4 DNA OZFNZFNOREIZBIT DAY PV
5iERE LSS D S6C DEIESERD T
dsDNA Bl L ey FL7-(K4), oo
GC YR RE DG SR Hi 72 B Fdi 42 D dsDNA |2

0.20

DWW TR NHEIRMEDOE WL S S0 410 450 Wavel:i(;m - 530 570 610
EADOEIIEEAE Do, LT )
ST CCENL O DNA IZIZD LEETR 3. BUNERIEIZE D AT M VIRET OB
<HEETLEMRH 5,
1.2
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} {
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Z °
= 0.8 2 O 12-2 bound
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g Py E o 126 free
2
e 0.6 ¢ u + 12-6 bound
=i A \
o o A 12-4 free
S 04 4 ]
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= ' o)
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=
0 ° 05 1 15 2 2|5
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4. GC &HENHR 5FEx D dsDNA ~D SG DFES
Ofim L 5B DREE

SG I 72 VARIRED DNA IZ H 2R L <FEET 5, Lo L DNA O IEEES| DOE VN L DR 107
ITIFE A ER, 2T EOHEIEHD DNA THRIU X S ICERETE 20 THANZRMEE & Wi
5, SBIZIDICRRLBRITOVTRE LIV,

OEESE IR

1) Zipper etal, Nuc. Acid Res. 32, €103, 2004

36



A—17 FIRKE

IOPILLRITLGEEES?
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EUOE S RIEHZFSBWHEICE
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— 5T, T TR T, BB,
PUEREE A, PUESGET & T 28R
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P52 L1, 1ZEA SN,

U EOBRSZBIT D &

O PR AL B 275195 K1 :—#HOKOEICEELTNE7ISEIORLR

@ PHEH OERITMAE AL R 2 T S 5
EWVI2ODIEHNREZ BND, T, TNOLOEHOER E R 2MEDOHFENREZHND,

AWIEIX, 77 7€ I OPMLIGITREIT/ERT 5, EE B R OFE S| E 72 1L S b E O 17T
CEREMRT L EEENET S,

OMRSE-HBR
EERXZRITT 7 7€
e Eﬁ@iﬁn (Graptopsaltria nigrofuscata) & L.
PR OIUFITE IS (2013) 129V
A RE LTz,
HIABDYFANT 77 N A—H
— (LTFYTE) 2HW, 77 78I
WRsh ORI E A e LTz, YT EE o
— N HREBHHE RO ZEL A WS, b D —
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TR Y 725 A X — Nl B BT
DY RZE LT &I, EB L[N
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20fE R SEBR 24T\, AEMAI A . ITEIANIERIR L7 (p <0.01) , ZOZ &6, Ibkmk
DB, SR EFHESITDHZ ERREINT,

FBr LRI PR O LA BIR 2 F G0 R 72 0 O BT 2 K3k RN o3& AT (K i
IEET, 2<EH) TITV. BRLICB T 2 IMEBREABRREOEREREZ AL M Lz,

FEHR@ shiix, P ofEEb kOB WA ST 5 D)

AEHE, PUEHFR O UEEZRE LTc, BARORGUE ST 5720, 3L e DRI ET
W2 B R AN D 7 T A a N TR 2k SE DI TITo 72 CYERTIL, LT OfEIE & 1T,
A EN NGRS | KRB THRNOHAETE L) . £, ZOBRIZPIHEL TV 51
oSG E LT, *y IR OMEEKE —FEIZT7 T Al AN, £DH, 2> ba—)L
WZbhRBHIEDEX Yy hOLE W, EBREIT- 71,

20fE R SEBR 24T\, AUEMI 2 . SR B FEHMIIZIRIR L2 (p <0.05) , 2D &N,
s, PP OEEEKRDEWEZBEL TWD Z EIVRENT,

OFR

7778 ISR BMAEEROPULERICEE S S D T &R, SEITPME L7efE K L (R C 5t CRIME
ETH52ET, BHOMMEORIDREFGO TND I ENEZIBND,

Fo. BEI0HE, P BRI A S X REITENMT W TR AL L. P
EAREICERE TS5, 512, b LIMEPOMEERD LT, %R EAENPHEEZ O TLE -
e, Z<IR2MEb S5 LB ARNOLETL, BN LTLES, 2FVD, EMTLMICLE-T
by MEENTERRD 5,

ZOH, 7778 IOPULT OMEEBFES 28005, ME AL BIZx Lokt EH 2 R
T &iE, ARDEAR S 2 BT PEDO R RE @D DT DIKRELE B XA b D,

OSHORLE
AWFRDOFERIZEY, 777 EIONBBPHIZEL, FIHL T EWWENFEET H 2
EEHIOMITTEREDR, 4%I1F, SHIZENLROOREEFTERBELIEWVWEBZ X TND,
T, B IO BWERFEL T D LWL IR IUE. B TR T, i b Ik
DEhHERE BT A7 0RBEOEVEEZR L TWDLERANPNDIO TRV ELEZLND,
B, BEILREULSEHBEON AL O—FEIE, RUESTHY 205, BEICL-T, &
ROBERE (GE—EA - B 2oL TWD (Il 2001) , AKAFZENDL, T
TP INFEIWEROEMDE bF > TWD 2 ENHEE SN D0, B 22 OMEN TN
THWERZFFOr[REtE L 2, I A L TRIER, R U OWME TH Y 2083 5, HREZ25FF > T
WHAREME S B X biLD, mEIICIE, WEORSFEEZTHZLETEHBR LW,

CXESEXR

EIED (2013)  AARORMIW0 (1) , LA HM

JRIGFARTR (2001) W A LATREHND 2 BEGHEBOAERY:, SRR RS
AR EAT O DI THELSIEE o, P RFOBAENE—JEAE, RZEFAE ORI 7% &
Ao ZOM, W - IBET & 5724 < OBRIC, BILBL EIFET,

38



B—18 A

LI U UEBRBEOLF LR RIS BED S KA
RO RRCEEHILEIER 29)
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T, A2 W 2B RECHE A OFFZENERITITONTEY . FTHAT L U T EREIR
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INDT, FALISHERECIE I K D2 BRI - PRI EDOE(LEZ A LT H 2 ENEHETH D,
VT L DA S AR T L AFR LA SANEN AL TV A A3, LR E T O L IZ > W TR
72 N\, RIFETIEL, V7 L VRS REGERE) O YH R, i, YAEEBLA I
OWCTOHIREEDZ L2 BE Lz, £72. HET —~ O ED HIFIEEN £ THRA KT ELCAS &
BEa— A TI{To7-,

Fix

AR TIL, A LEEmEZEMORTLT L o 2 FESE MERIcaE SE5 2 L CHRME
PR A VERR Uz AERR LTo K52 31 L T2 YD AT RV e Cigk L, SREFORIL A~
NVORFRIEE D SOSBREDI R 2757, £z, FRIDETIROWIN AT Fv & BT 220D
WEHEEZR D LEhE 5 2 & ThFOMEER KOAERMICET 5 MR E G,

ER - (R

30nm, 100nm, 200nm OBFDOWUL AT "L ZFHHI L, TNENORKMEE 1 ICHB L L T, WRHE
DAL DENE Z il U=, (77 7 1)100n & 30nm DEH & ASAREAYTH 5 728 S E E I EE Y 100nm
DT bR L eneEZ b D,

7771 RSEEE DO IREARAFE

— RRARIFLOBK |
: N . & PN, 200nm
" & ~ 30nm
09 — ‘\\ iy e 100nmi(1
X y ~O~Oo.,
% 08— Y Es O
X 2 \'\ \
0.7 — Yo
0.6 — i 2
I 1 I I I
10 20 B#Fﬂﬁ (g}) 40 50

WIT, ~AEY RBAERT A EREL Ty B a—F — |2k A ET /e EE & 25l & ik L
oo E=IB—FLTNDZENG, HBF LIEZOLT LAIBERONT, LT L~ LFFy
RO L2724 9 EHERI S5,
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7572 mAALFEEIC L DIRE AT SO

-3
15x10 [
‘ R \ — RES® (RBR)
1 t_ﬁ l 4 (DFT)

— Al oF |\ 0

o

Jorh SO,

500 600 700 800 900 1000
B (cm™)

R BE
o o

630nm (ZXHET DT LK1 O X S RIBEITE— R&2 L D | BENIR > EE LT 5,
BED-H, FATHIRICH A b FR Lz, (K1)

B 1: SRR D E )

S. Shinha, et al. Langmuir
30, 15433 (2014)

A\ =]
SEDESE

WA AL S B OBl SOV T L W ST L BT REMERISICE Y LT L o—FF o
RO A ME T DR EITV, VT L ORET 4 3 A~DIGH - FZRbE BT,

FESEXM

1 D.Kafer and G.Witte (2005). Growth of crystalline rubrene films with enhanced stability.
Phys. Chem. Chem. Phys., 2850-2853

2 Greg Szulczeski, Stefano Sanvito and Michael Coey (2009). A spin of their own. Nature

Materials, 693
3 Sumona Sinha, C.-H. Wang, M. Mukherjee, T. Mukherjee, and Y.-W. Yang.(2014) Oxidation of
rubrene thin films: An electronic structure study. Langmuir, 15433-15441
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U— v YRR A AW T2 U ABRE DO ERBERFE
REH VUG KE (A &SR 2 4)
FBEZHE R SR (BERBRRFESTHR)

OMED I - B

FALKER, WEFREOEND 5 /00 LI-BIE 2B, £ < OFECRIBENE - T
Do ZTD—0N, BREPOMEEEREY ONHERECTH 5, BREPOBSERETEY &1, FREF
MCIER SN BN O TEZ R LTSI T 2BEEMO Z L2 L. TOFEHOR S LR
I SBEGRBEICZ 2> TO D OIS EE > 7 A 1834, 137 TH D, Z OBRYT X 2 it
PEFEFEMIIIER ICEN S, TNE EZTEIET ), £, B THMKRERERMEIC/ > T
W5, 2O Wo T FE A TR 2 72 DI2 ., BREE OIS BN ORI R Al MBI /2 > TV 5,
TS PEBEFEY DARIK & 1%, BIFEALEE T & IOV D50 SN T-BEIEY T b 5 10K 0 b il v
ULAEEREL, WHEBEREY L U CUBET D 2 L CRGEREEREY L L TRV IR BEE ST I & T
& 2 B YEBETEN) & 3518 D PEEFETEM I 7 \Z BT DIEHIE R R D | M2 VAT Z & 72203 & Fid M
FEFEM ORI AT DIERII DR VB L WO T, 2B ASFMR03025), 2oL 512, AlE
D FEBR TIERBRE T O YRR SED DKL, BRIt > v & 134, 137 O - BT 507
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TN—IIH T T Y — v AOYEFEEE L b T, 7 AbEmo—fe L TabhTnd,
TN T T N—DE T AREFEITLREIN D I TN, ARGRER TIIHE B K O L |2
TN T T N—%MA5HZ LT, Bt U LABREOEMEICONTERT H 2 &I L,

OMEDF: - BBE
FEEOEBRIILLTO X 9 ICER L7,
(1) 1.0x 107%,1.0 X 1072,1.0 x 1073 (mol/L) DAt & > 7 LKIRIE 2 iR LT-
(2) 3.3mol/L DAL A U & LIKIEKITIR STV B EEA A L 23 Ml 2 B v H L #lizkic 10 431
Lig L, BB LT UV U LAKEROFER 2N L DI LT,
(3) #E (X1) OEATITA A4 v iz 263 LT, THIZHIZ1.0 x 1072(mol/L) Dkt o
U LKE IR AFL, E o TAICIE
1.0x 10~ (mol/L) D b > 7 A
KU R AT, 72 47 1R e
PF R AN, IR 122 E{

1518

B UL
//IEEEE“/'?‘D'-)F

L9112 LT 10 4y EIiE L=,
(4) EEIHEEZ IR AT, *TREmRZ
WU CEMICEITSZETIHME
L MAHO BN 2% (BEFERD) % FH 72, BT
(5) 10 WRIZENOT —HX ZH D | Fiék
L7z, EN-Ey
6) LEoERZ, THITELEZTIZ, I

| oA 5T

|

H1. BEXCFHREEEBEE
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A% 1.0 1071,1.0 x 1072,1.0 X 10~3(mol/L) D bt 3 o7 A KIEIKIZE 2 T NERIT/R -~ 7=,
(7 1T F1X1.0%x 107 2(mol/L) Db v v AKEK Z AT, THHIZIEF 1.0x10711.0 X
1072,1.0 x 1073 (mol/L) Difbt > v 2KEEHK & 0.2(mol/L)D 7V 7 7 v—% 24Dz
TRBRDIEEZITV, 10 DRICT — X Mo T2,
8) FEDIEE A, TNLT 7 h—% 240D A=A bIT -7,
9) Fohi, BUOT—F XN A FOARITRA LT, BEHEE OER, F-fEERIC
WCHR Tz, R A FOAK
E=%+%m% F AR SOV TUIR A X — TR+ 5,
(10) THDIHERA LA A v RO R~ DB L F R 5 7o | EESE 7 BN
(SEM) TEEZHR-T,

OBLE LR

KWFZE T, TILT v TN —DIFEDAF I L - TIEBLL ENZIHRALT 2 2% HIE LT,
TN T T N—B T AOMERENE LI, ZOME, o7 ABEICXL-> THRARIT
6.1%~11.2% F TOFIPACTHE I N, FHTH 84A%DREAF L7257,

Fio. EFRIEOTEDIC, EOREBLZETFHEBEIEEL Lz, TOMKR, K20 X512, WEHE
ERR O, TN T T N—DOREITR ST,

T

10/0Hf x5, 00K SE Ui, : = 10 10:0KV/ X300k SE 100nm

H2 BAAUBEOEREOEFEMETE (FREEICHLTHIZ100EHK)

OL%DOERE

ZOWFETIZ. BURMEE S D A D55 - IRMELIRD 72D O BRER IR RF 24T 7R o 1o B 1RI1E.
TRV DLARLAN VT LEEL T ARIFLTWAELEOEREITR) TETHD, £z, 20
WF9EHE 5:1% 3rd International Conference on Desalination using Membrane Technology T¥3%
FTETH D,

OEEBEIM

H bR, RRER . ACREERE: B E OBRYEDNF. HEDORO 115(9) 14-19, 2012.
Inoue H: Effects of Co-ions on Transport of lodide lons through a Non Conventional Anion Exchange
Paper Membrane. J. Membrane Sci., 228; 209-215 (2004).
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SERTED, T OBRICRENCH D ABIREIAAT S, TR FHOLE g
RSy 2 vk 7o, THEAOIEE 4 100C LV -3CE TR 2°C/h THEI LRI LT  BEICHY
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FI2 DKED I KB ORREALZHE Lic, EEOMEE L X 21277, WREFHIIE, K
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7o, IR Z 20°CIZ ) 0 B % C HHRIRFE &5 1 RERETEHAI L 7=,
ERREA 3 RMOREE H e, (1)NaCl JRERFIEZ TR D 7212,
EESER0, 0.63, 1.0, 3.5, 5.1 %Ok &% L7z, 3. 5wtk
XK DR EITIZIERHE L TWD, Q) MEOFHEOMELHD1-
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I DEBERRIC R BT CHA & 2 Of 3 S OIENR S | |
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e RO &4 20034 3) http://www. pref. shiga. 1g. jp/biwako/koai/hanndbook/
files/pl42-143. pdf, http://www. kugi. kyoto—u. ac. jp/dousoukai/pdf/Okamoto—Kotei. pdf 4) 7%
JIA T4 CoRk) dmERERETTS 19914 5) /MNIEA, @EBF, &1k, REBE
— 4 CORDMERZERTHER] WEEE 63, 258-262(2015).
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JVTF= b kRA T AVT B RINOEBIRE AR ERET L2 L4 HE L,

OWHZEDT7 1% « RBJE

O8N 0N
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7F =2 (2, 4.8 mmol, 0.339 mg) & A7z, ZERHE
BffEasz2LC, Sy F7L—F (8 180°C) ThEL
Ijg2~3 FCHNEMDRE LG, BalcZ{b L (¥
3)o 10T EMEL T4, Ry T L—F 0B FAL T
@LkoﬁMLkEW%éﬁb,%%#Eﬁ%%bkoé
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NWNT ) ROXT T E R (e, mp 131~135°C), (2E, 4E,6E)-2,7-Y A F /A7 X#-2,4,6- h
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- 1)%§ =+ MS A7 hv (m/z, E .
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S—NH . 4 g . 1211131V3V3
3d J@\; 2 ;'“ @4
HaCO \ (37%) | MH* 248. 118 =
CH3
se | OV 0L T | e |V 3016 GINO
e Nilljs o I
N MH I
CHg
NH
oL
§ VQN\CH
3
M* 354.180 (C,H,,N:0,)
3f HaC_ Jé\ T \ 18H122N6 Y2 A 7e L
=0 g W e e H
AN
HoN
OEBDOREE

T VT F =Nk x e T VT v RERKIG ST, Ffl et
OEREGRT DI ENTE T, 2D DAY ORERIFIEICIX
A ORMNH 5, LVEEREWT VT B RERISSHE5HEE
UL, WIEDOTRR b LEETEA H, SHkITE - Likx RO
ERTDHACEMEED W, 12, ZRHDEHMOTar v

% — PP

OEEBEL

TERZR~T20,

ik

V. Deulofeu and T. J. Guerrero,

Org. Synth. 1942, 22, 89.
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B—22 BEZRRXF

R ERD CMC FERRIZX T BT NVT I v D&
REIFE BE HE RS 278 0T 4 7 55 2 4F)
FEZHE R SR (BERRBRFEETHR)

OMFEDBEH) - B

MBI S E N HHIR T, FICa L AT B —Ah bR Eh D, MR RHIE A
We LTIIC A > TE RN % LB AL L CRINA (R S ¥ 5 2 L Th D, MRTHIE & KA S
BT, EEAME 5 B CIRHA 7 CEE LT B 28, IR 72 5 Ic o THEATE
(R BV EFET D, R TKTORHERS 1N T LS, 2 L 0 IRIEOME B K X
BT D, ZOLEDETILAALS D ILE % B X & /L (critical micelle
concentration ; CMC) &9, {HLIZEBWTZ DI/ (micelle) FEERITEE CTH L, #HilxIE,
BEIAINBCI R, L ST ) 7 U ) ROREEHLERIC L - TRILS NS, BT,
BFFAR I = L AT B — LV UE ORI 72 X OIEIBE ORI T . KIBBADRIEI
LEIRL TV 2 EBFEIC 2> TV, SEOERTIE, 20 CMC Ofi% 2 £ ABRORE
LUTRIA L, S EAEROBLEA BT & LI O BURIEIC SN T 2 7,

SO T, b R EE T B I RS R YU Y AR LT, I R U A
YUl X O VT S v b O ESER DR BRI,

OMBDF: - BBE
ARl = LfEOF R oA FeMiEss) 2H L7z, 7v7 I vide FEERT AT I (Fn
FeRigE) &Rz, ZEIEDOWEIZIZY > 7ES H 5084 EIE wilhelmy E(7 L— ME)Z Hn
72 (K1), ZHUTHEARN IF:n .
ZpF AR b ME Ik & SRR
LTAERLTHY, \ o
< bbb TEF ' '
BcThsdr, A&7 L— |
FRIRIZIR L, ORI e
RN 7 L — FBI< J
\ZHAET D I % RFECTHI
ETHZ L CREENE
HET 55T 1mN/m M1 REFEADOIEREB(BIEFEALE-EHMER)
FCoREIENEZET
HZENTE S,
EEORME I T DL 5121772 o7,
(1) fEyHER (2— iz R U L) OREZELEE, FRECORmENZ 3 BFOH0, %
D% 7 7> b LTz, TITRONIC &\ 95 BEWEE R 2 W IR ORE 22 S H T,
(2 RABUCHWZa— T MY U ARRITAERAR . U, ERP ORFITAEE CTo7z, &
BRICAE R L7oKI3A A R E AT T2 ZRICI U AT IEE L 72 O T, 17MQem BL EOERIHK
LafaT HHlikE W,
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B—22 BB A

3) FHENX., ZOBS)FHTENL AL LI, BEICLTENT S (e
—Z221b), BIZIE, BEO EFICE > TREERDNV TN - T, SENTEERHBELTHZ &
DHRAR NS T-D T, HEAEDZEHZ 26CTHEHE L., WIERbBRENOH L%, =0
IR LS T > T LT,

OBLELRE
K 2 Za—LfE) Y v AOREEDBERREZ T, A TFOLZATREENTHDY
NRZ 5, ZOENOEEN CMC ThbH, M2hbhbEa—LEg)r U a0 CMC I 0.13

moll. Th-7z, ZoFFELL» ol LMo
O EREZ LT O A2 WTE o ' _
BT, € o - it
o
[_1=—1/RT (dy/dInC)_(T,p) .

:@%%% 3 GZi k @71::0 000 002 %::r::‘:;l a0 o1 o2
FIEEIC, TV 7 2 % 1X104

2 a— /LB R LDREEHBE
mol/L % N Z 72 IR BE CRIkRIC £ i REEE(RED) vsiRE

18.00
Hl7z, ZOfER, 7Lv7 100 ? Ei / .
]jﬁj}ﬂ@:i - T CMC !j%{%g{ﬁum '_E 10:00 . /'/ y=z16 :=n=I!;J--n'25'3
BEILZ, ZhiE. KITBEHELT- Uﬁ 8.00 /
T R OREICIAH RS g ﬂ;
L. ZO571ET. IBANRERS 2.00
f:af@{%E61f£éfc&)¢Z§7< O)Hﬁ A 0 0.05 0.1 0.15 0.2 0.25
HRZET O TIIRWVWNEE X B (molL?)
7=, -

X3 a—/)LEBF MY LAORERESHE
OEBDESR

R TIEI B ARHREEODIEH E D BUVIREETIIRWGERZ W W, 4%, 4Eo0
Moz BicHED D701, OFEHH LZT7 0T 2 A3 SADRTF ROREWHROT, &
VR0 5L T 27T X BEl o T ERR, OEE DT SADA T U PFEIET D
DTFRITL TN Y EPFET HEMETOEREITIRD TETH D,

OEEBEIM

ABGEEE BUUET 16 Rmo b AEGEIE, B, 1980.

ERAEETRSE 1650 5  ERARE, HL 2005.

Schabad L.: Production experimentale de tumeurs malignes par un extrait benzenique du foie
d’un cancereux. C.B.Soc.Biol. 124, 213, 1937.

Li F, et al.: Metabolomics reveals an essential role for peroxisome proliferator-activated
receptor « 1in bile acid homeostasis. J Lipid Res. 53, 1625, 2012.
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H_BTEMILGERSNLEEHDOMN?
ottt + (LN e E A 34F)
HUHB NG, (RIRFERFGEE AR = 0 TR RS %)

OWMENEY - B
HofERRTNG & & FEHEM O & T,
TR BB 2o TN D LS LT, €10
BEIZ, V=Moo XoTTHD, EEITANIILT, LA
EHOTND, ZOEMBIKSML 2B ERS b,
BMEZRBEICIRO NS THIENTEDLEEZX, Z0D
BRgemthdt-, £7-. ZOBRICE ST, BHEHLAL
TR OGMEN DU, R, O b OE R LA
WA ORHEEELHMICLISATE S L EX TS, | K1 I=HTOTEOHT
B, ZOMRIE. T~ BRENBIIEEROT T EKR
P K% SEEDS 7' 11 7/ F AZBWTENE L7z,

OWMEDHE - BE

Jik

O B 1.5em A, AXFILEZ 2em 28] 5,

@ BMEAK ar7iEL, ar7EL+ AU H=DFNENE
& HIT 95°CT 40 3 [HIAE T, MEREE 2 JE T 5,
pH A —%—%H\WTELH® pH ZHIET 5, _
ey Ly MEREROT, ELIho s s Boteas B
% -

® #MAEELEIC L D aa A RO z1T0, 2Lt o=

2o Rpfaii~25,

ISR & i

®
@

ARERTIE, K2 T Lo, BMEEfEHCEYE, 20 LI Z

4 2 AR OMHE
AF v 7 REFRET, FTENSENZMNA, BMBOSNIZL &

(ZERED BREDS R T A BRI & LT,

vy Ly MRS EIE

WRHIZ, NUXTF RUEORTF RREENTOIUE, REAICEET D RIS,
B O BCGELYE &

BRI ET D anA PRFAOBEL SN LY, avAf FPRFOY A XZ2[ET D)
%o
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B—23 NN

OEL LR
E3ERD L. KEFTHTH L EICHST, 2
LT LTHTR L & OIE ) BT SR E KD

AT L SbID, £, T, B=EARD b g:: R
SICH DA R o TWA R, FRICHOVTIHIEL & o wTsTEL.
hE%kﬁﬁ%h&wo 1o ii e
‘X 4 1%, pH RERAKIC L 5 pHHEDFER TH 5,
PLitopHZHELZEZA, a7 ELL, = 3 G L RO
VTER=DE LB T THDH I ERDhoT, =
D END, TZLIHO pH S BEM OBSEMREICEERBEAR L TV D LITE 2T,
({5 Tl I =& G N ENC I RA L TN D, DED
B R EPERPOETHL WD &R D,

X 61, BEEEBELIC L B Lt o aa A NREFOTORERTH
5, ary7EL (), ar7+a=0iFL FLrrY) EEND
100nm F2ED a1 A FRifI1%, a7 oMl Ths EE2Hh
%, ¥lo, AL THA=ORELICEEND, XL T EOESEYA
APO 15nm O av A N3 BMEZ# G0 T 57D =06
TR, KON o EHIE N LTk Th D B2 D,

X 4 ﬁfL?f@]ﬂ{J

B i f

B
E e h=
2
il
g
A I, SR
1 10 100 1000
0 FRIFOHEE (hm)
K5 EBEYLy NIGSD
AER X 6 BIFEEGELIZ L D72 Lo
O HBDBERE
ST, FLHCEEN W Eaa A FRLFICOWVWT I BIZHRTWE W, 72, Bk
DN IR BERIMFIZHOWNT, B=DSAOMEIL E LTS E, $ o LREL<FRRTZW,
OFEESE IR

1) WY #riBEii. 199245 H 12 B
2)  HEFEEE. D Comm ). BRBZEFIAL 2006 4F
3 MHENIED, MbZE), B EERASH, 2014 4
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B—24 BEZBKXE

E-EBH 1A MYHT CEAHRLIIRILTF—DRE
~TSL—LETRRICKHERE~
RERA RE f%(%é*ﬁihzﬁ)
REHE JFE R (BERBRFEZTHR)

OMRDHEHK - ER

BEE IR I EESE, TRV —HERICKNT2EROERIIEEDL - FHTh D,
BETIE, =X AF—HBEONT VAT TR, =23V F—0R7TF, BELOHGFERELE
RETRoTWD, AMEEE T, =X —RFHEEOREARERTH 5 H =B 50
LEDTFAX—2ERICEVPIE L, M2 T, BAOZ X LVX—HER, 147220
EHBRBENEL LOPERFEEE N L BB O = 2L F—RELX KT 522 T, AT
WX T HEROBELAEMEST S Z EA2EME Lic, FET —~DOEENOLMFEERDO T X TE
Jua— YA T AT{To T,
OMEDHE - BE

HEEMmN O LA =RLX—REZRDDFIEE LT, OFT 4 VXNV~ NLT A—
ZIZ K D EEGHR, O EMIZHE L
T EEEROMEZFHA LD, @77 1
— NVEITERIZ KL D=3 v X — &l
ExHZZT, AT, 2055,
BBl EEE 2 LEE L, b
N, HETHHTZ Z ERAETH D
T L= EHWSLHZ LIl (M),
FEBR O Hefi & LT, il o E & (130g)
ZEHAIL, L— & L, RICH
ORI L — L DESEZ AT ¢ —T
FHAIL (2.3m), HEEA 1 EICES S
il % % 4 ~—Citfl L7=, 1 AEIC
A L WEM 2 968 [B] (J&) L., =
IET25FCalILE, £LTC, 1A
T LRI E AN L, PEAX»DES =R V¥ —%2 k- (M250), 22, 20
FERIZB W THBEOBEEINIEF ISV D LB B LT,
TRNLX—DOREZRDDHIZDIT,
W[ & B = R L X — DR E R D
DB o 7, EXCEL % W 7= 5l
JLEE G RIRE Cd o 7o 3 AR SEBR T3 “3
LR ATWELZEEHEE LIEOT
UTFDOLD 7k RR L, K20
oI, HEdhCiES = xRV X — Bk
Wi &2 & o727 T 7 2B | iR
777 BRICHIRIL, Tuikr 2 7 8
X7 T 7WNED 1] x50 x60F D
TiE A I T HL (K3), 447 e megcucamman
HETRFECHBEIL, EML RV
X =D EE RO, FT25EF TIZ

H1 FIL—ILEALN-IRIILEF—BIEDRIER
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B—24 BEZBKXE

TRAF—DOREZHEIICEL-TH
K7z,

OERLEME
%ﬁ%*%%ﬂ@ﬁ@#%
T XK — DR EIT 47662 42038J .
72 FETIC iéiXW% DR
Bl 45850.9004] & 7poT=inb . fE
ROBED A2 B L L | 47662.42038
— 45850.9004 = 1811.51998J . ﬂsﬂwﬁbtﬁhﬁ657@ﬂ&;0$u1$»
181151998  +47662.42038x100 = F— (1 x50%3 x60M) R T KA (K)
3.80073014663% & 72 1) | =R /L F —
“E@@m@%#4%u? ﬁOko:@%ﬁ\ﬁ%ﬂﬁifﬂwﬁokkb % /08l E
L 72, BRENELLELOTHDL EEZDBND, ZHICEY, oIk -mEmo
FIX— @%&HK@i*w¥~%%%(E%-@%-EE%W)\1ﬁmét0@£ﬁ%%
&R LOFHERHERE N 2 T 5, AARO T X)L F — 10 &L 1.4347X10 O 19 3 J /4,
—HY7DICES L 3.93068X10 D 16 J/H, AH1{E2 T 7HLIA (FEpk 28 4F 8 A #tal)
9% & 3.095023622X10 D 8 F J /H « A, T EH ZRrEMOMBICHE TS L 6494 {E/
MNICHY T 5, £72, SWHEEREIT 1.59552X10 @ 10 3 J /4 - 4, 1 HY47- 0 ICE
J L 4371287671X10 D 7T HF J/H - A, I EHE EmEMOMEKICHEE TS & 119761 E/
H-{l#HThd, HFHENEEIL 8208X10 @ 8 ' J /4 « {ihH, —H YD ICET &
2.24876712x10 @ 6 % J /H - ftfy, T xR EMOEBIC]mE T 5 &, 47 /8 - fiHHT
»5D,

OSHROEE

B OGEITITRENEWIEE A OEIIRE <25, ANE CIEREREIX 195CTH -
72, B EREELIIFTEOHOHEND T L I3E I hoTe, o, [UENREWIZ
EHOMBIIREIARDLEWD) LERIZARWZ0, ZORIETIEZ B LR -T2, 5% [EDEMRDN
TTC, BOHEDENELLH0E D NIHE L THRTLAILEND S,

Flo, AROZ X LF—HEEL LOHERRHHRE IS T 2 B B0 = 2 )L ¥ —ik &
I x T2 b0 TEH L0, BR—-A— AP = EM 1 A OE 2 X, 12700 7
A x47662.42038=16.05312x10 > 12 T JIZH 725 DT, H =B O = xR L X —R EOM I % 1@

T, NEMRRY &2 RKERZKFEICHEZ D Z L2 BNIC, A=RRT2EROBLE
B ZLIZEBRD EERD,

SEHEIRECHEATEIEEBMICOLVTHRZERTLERLVLEER-TIS,

CEBBEXH

P EI ) o b
http://www. yonden. co. jp/life/kids/museum/energy/ japan/007. html
FRESKRLHE R —L—
https://www. kdh. or. jp/safe/energy_saving/saving knowledge/stand_by. html
WA R R — L=
http://www.stat.go.jp/data/jinsui/new.htm
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C—25 BEKXKE

PIHOMNAREICLIHZERE EBEMERICONT
Kt X/ F (HAORZFPE- ESFEAL 24)
HYHE Il E—RERY EPEEENR)

OHMRDOEHWN-ES

(oM ) MR EStt=a V OBEFEETHY ., T 7L ELEENR D) 1E, 99 D~ R ITx L T,
BAT « FHIKLD 3x3 OE Ty 712, 1~9 R—ETOLNBNLWE S BFE D TN AR
NTHY, ZOLLKVIFHFETH D, FHESCA ¥ —F v b THZ D HMO R E % fiF T &
HEL DESHEHGEIIEUTELNTODER, ZNHIEFED LI L TELI TV D D0EERMIC
BofeOT, FMIZOWTOMNTEEMED T, L TV D BIZEMORBEIERRRZ T 2 HS
EPE TR E B > TWA Z Wb o Tz, £ 2T, YIMIECEICHE A %Y T CRIBEMER
WOV MHATE, 2T L > THEHS ERNC X 2 fEOBRIMEZE X | FooRMBEOERI O S
WZORNBDHEEZ D, ok, ZOMRITEHERFEICT, T —~ORENDMHEFEHLD T T
OO — LA T ARy LN ATIT o T2,
OMEDAHiE-EBE

KRGO FERENFIH L 725 BOROIRIEIZOWTH 2T 5,

3 4 5 & 7 a L 1 2 3 4 5 6 7 8 a 1 2 3 4 5 B 7 8 L
A 3 | 4 * 1[5 5, A Tsq
B 3 B gﬁ‘ 4]%] 8 8
c 1 5 c ‘g*_{ HHE c 158
D D 6 D a2
E E el 4 711 o
2 3 . y F | 714
G G 6 G }.5&
H H b 4 H g
J isg
1 Hidden Single ™5 2 Hidden Pair @i 3 Naked Pair Ol

@® Hidden Single

1T+ F « 3X3 DR v 7 AT, EMN 1 OLNRWHMFERFOYANH DL L&, O~ RITIXE
OETFTNAND, ZH Hidden Single TH 5 [X 11,

B4 &£ FRIZ3 N A-TWDH E X, BITE 8FNTITMIRMNZ 3 WAL 7L 72D, IR FHENT=F
DL 3 2T DO AN THEHRLZRVWDO T, ZZTIHATIZ3INADL EDbND,

@® Hidden Pair

T8« Ry 7 AT 2ODBEMBTN, 520D ADIRIIEENDLEE, TNHD~Y AT
X2 D 2 SOBEMHHETF LS, 22 Hidden Pair TH 5 [X 2],

RS PHENTZHZITONT, B4 & C4 DEROAIZ 6 LN T REENTWD, L-TB4 &
C4 DAL 6 KO TSN ZHT Z LN TE D,

@® Naked Pair

T3 +3X3DR Y7 AT, 5D 20D~ AMEMN 2OTODOHDEX, ML= Y 7DD
< 2 IEFOFFIIA L A2V, 2 Naked Pair Th 5 [[X 3],

RSPHENTZ 652D T, E6 & F6 DAL, 5 L6 THLHIMNHZD 15D~ A ZE 5 )
6 LNALRY, Ko T6HDMDO~ ZADBEMMNICEEND, 5 KD 6IXHT Z&ENTED,

® Hix

D 3 OOfEEE IR T AU T 2e W B & MERT T B,
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C—25 BEKXKE

OERERR
ZIT, BANCHEE S TWND Y AT 17 DU ETIEARW LB L LTRY L2720 2 & % flead
LTk, —MERT 2 DIC8HEORITABEIZ R D,

1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
Al6|11|714|3|912|5]|8 Al 4 1
£ 9 ¥ 1 8] 5 2 4 9
c 8 5 3 c| 6 9 2
D b 2 9 D 7 6 411
E 6 9/1|8 7 el 1 5|3
F 4 3 8 F 415
G 7 4 2 G 3
W9 |3 5 6 Hl 2 6 51
J 2 8|76 4 J 417 2

M 4 JST OCFHRIHE L7 5 M 5 b MK 26 Ol

[ 4] OXHICHHRBEDOE > MRS 38 12 LMD 5~ ZADEMN DR, T<ICRIT S, £/-2
DEICe Y EBBOELTICEFTTH L, L0 HHEICHT HRHEIC2 2 EREREORITND
ATl

LoT, WIHIRE L LT IRANCHDZDIE 26 ~ A, Te v NI ELED] &k
\ZRIEER A D 7=,

[ 5] 1X. Hidden Single 23##%k[n], Hidden Pair 7% 1 [a], Naked Pair 73 1 [alfif#s & L CH
WHENLMETH D,

H3 & J1128 & 9 ® Naked Pair o< b X O IZEE L=, ZD7=HIZ, H3 & J1 OFEHN
8K DA D L HITHS & JUITHEL RIFT v AEZEOHT-, o~ A%, T OLBI -
ELTRRNMT DX IZkIT L7,

7o, VIMEE O L OB RITTRELTR57-01C (K 5] oo o) Hikd &
DT E 1 OTORNTIHR, 5L, CLO6LESDSE L F3D 4 RNRELTHREEITNK
DNEDZ Ll yholz, CLD6 & E8D 5 2T [[X 5] ok th~7T% Hidden Single
X° Naked Pair OEHECATECOEE L S IIEDLRWE S -7, Lo, F3 D 4 BNk b &
Naked Pair ®[a1%i% 3 [BICHI %, fRERHCFTEACTHEEL <K U T,
| JB&S

PLEDZ EMBEEGEREICIX, 5 EOFES, TORBICEIDEEE X, £7-. V]
HAEL & S D) SR BB W 2RO 2 L AR T E T,

OSHROEE
ST, EHUMIEEE L DA DY 25 & T o R E BERICERD D EBTEL
TWEW, ZRICED, M ERELFEMIIT) 2N TEHEEZTND,
OXESEXM
(1] V=AY ru—FrmR, g—Sx— )< [Hh 2K%+5: HR\EA2ETTS
INZNDBRZGENER, F £ (2014)
[2] SudokuWiki.org < http://www. sudokuwiki. org/sudoku. htm >
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C—26 LUK 2F

=ZEE DEM & GIS ZRAVWV-REEIM M ORE

BRFESEEY 7 m — N L% SR L
Kl (REILESEA RO EEE 14F) |, A ([ L RSTA BRI 55 14F)
i (R LRSI BRI S 8 TAR) IR TR (LR R R B AR 1L 55 4K 2 4F)
REZEA s (LK)

OMRDEW - BEF

MR X B KEA B < To DI IXIE W O E-CTE B & B 2 5 2 BN & 5, 15 W 138 Hric
HEAR - LA EE8 S5, BAROHITHRSE OB REREIZL YT VX UVEEET L
(DEM) & L TAB S TW5, 10m fFES 5m M@ O & ff4E DEM (1 £ ORI L 52 &)
HEOMTHIHEHTE D LEZ2 HLD, HBEHR S AT L(GISITITHIE & f# AT~ 2 Kk % 7ok
RESEEHL S AL TN D AAFSE Tl GIS D MR, EEAEHTHERE 2 60\ R B2 DEM 2> & iR
R 2 RET D TEA R L, PRI TL 2 &2 AR E LT,

OMRDAE - FTOtX

TGS T X 2 JEHIRY 2 Z B B3R R A & DRI OMOR LICR 5 L &2 BN b, £D72® GIS
ZFH LT DEM 76 B OBRHE 251 U, SRR O 5403 7 — o &t LTz, 1B
ROV B T & BB HIIZ 1% 20 J7 45 O — 3 — I L 2 HVEL (X (PE SR IR A IR 25 T HUEE R AT
B2 — 2016002 BE L CXBI L, IGHBITERTEA DR & B2 5T 2R IR
A & TG BT 20 A SRS AR R ST 2 SRl R ICRR & L 7o, @5 DEM [ [E i
BElZ L 0 2B &3 Tu 2 5 il BT 5 R ([E LR Be, 2016) 2 F/H L, HEEH S 27 A%
FOSS4G 77V r— a > Toh 5 QGIS (QGIS, 2016) &t L7z, F7=. SfEE gD 3D ~
v B Z71Z1% Google earth (Google, 2016) Zffi i L 7=,

OBRLER

&I (L R CEAE S 10 FEELL EoiEE~ v B 7 LK 1), T2 & MILEE I, H
EEMMENIEAEFELRNZ EN Do To, FIEBE D~ » 2 7130 e o4&
WHENTH S LB Z DT, WRICEFERFE OB U TR T 21T 70 VB X & A
DETEZLILE A, HRENSRE ZALESCHRE ZADRICHEW I LE L TV 5
MmN 2), W &BEREORRERTIT 5 & BIUMICHERE L= & B
WZBWT 10 ELL EOMERINZ < oA LT Y BEREOEHITIE 10 ELLEO[ERIN T EA L
DAL TN Enbrolz, S HIZHTENEEL TS EDIZ 10 FELL EOERNZ L
L TWDZ ERTARIT, LLED Z &b EfifEE DEM & GIS % H\\ 7c - T i3 5=
EEHIEOWREICA TH L EEZ BN,

OSBRORE

ARITHEIAHGEE DO bm DEM ZEVMERED FIRE & EIRMEZREL Ty B 7L,
Hi 72 MR ZE BN M DR 2 A, MR S DN I8 AR T 2 fERRMEANEE R iSO LB O HETE 2170,
BISATARNE Tz, B @O A 2~ — 7 4 72 E T HICHERE TE oY — R
~ v 7O ATV, HERKEFIHAD-OIMEHTE L L oI L,
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OXESENM

FEAE ) A e 7 v, [ L HERPE, 2016

20 iy D—HAY — LV AMEN PERBANe GO IEET tERAER S & ¥ —, 2016
QGIS (QGIS, 2016)

Google earth (Google, 2016)

O

1. [ LIRS OER S
AR 3K 88k m, FHEAFEERE VR TRESN TS, Ko EREThHD, MoK &
STV AESDERME 10 ELL ok th 5, HHITTECTH S,

2. RERMEEHOEMSIMET VI NVHE
BRI T0k m, PHEIEAEERS VA TEEZELTHD, MO ENETHD, MOKRSEBDL
NTWDEG DMERME 10 ELL EOHIBTH 5, KIGHITHERE 2R L TV D,
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cC—27 REHEFKE

YR=ZDAMRERNHEBORSHE L AE
REEX . (RADFLIZ L0 KA HIR)
HRMEE © 1A HESC OO R R B — A B2

OMEDBH - B
WAARRER CRAELTEES I OKFBRFHLLE, BN TIEZ < ORF 113 EFHR
HELIFIELTEBY, FHFEEND 6 Ffko ToBUE SR NI BRI 2 I 72 388 ik
FERE STV, IRZELIR T X OHINLCA MIRE OR e 72 EORMBEA L TV D4, R+
JIB LRI L~NVLL EOREBRIIZET 28 LWEEORBNREAIIRKD TN D
AFFETIFBUREMEIZS AT D OO AAENTIEH E V HEL L TW RV R= 7 28
JEVH R /) I EIR L, BT CH B E T Re R B ) B E OFRICE D A TV D, F
7o FEERICE A Y T TOREZE L CERANZRR ) B EEE O EZ B L T\,
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A Novel Conversion of heat to electric power without temperature difference using
n-type BasgAu,Sisex Clathrate

Y uya K ajiwara (Fukuoka High School, 2™ year)
Shinji Munetoh (Department of Materials Science and Engineering, Kyushu University)

OPurpose and significance of research

Various internal-combustion engines release waste heat and this energy loss reaches to
70 % of the total energy. Recently, thermoelectric power generation has been attracted to
much attention for the reuse of the waste heat. Generally, thermoelectric materials need a
temperature difference for producing an electric power by Seebeck effect. In the Seebeck
effect, the electric power can be generated by the temperature difference between both ends
of the thermoelectric materials. The heat flux generated by the temperature difference
causes a loss of energy from cold side. Therefore, the idea to decrease the energy loss
from the heat flux is required. In previous study, we proposed a novel electric power
generation mechanism without temperature different. BagAuSi, , clathrate is a promising
material for this novel mechanism because this material dramatically changes the band
structure depending on gold contents. In the case of gold content of lower than 5.33, the
BagAu,Si,s, clathrate showed a n—type semiconductor. In the case of gold content of higher
than 5. 33, the BagAu,Si, , clathrate showed a p-type semiconductor. According to the results
of temperature dependence of Seebeck coefficient and ab initio calculation, the band gap of
the n—type and p—type BagAu,Si, , clathrate were wider than the intrinsic semiconductor. The
generated electric power was successfully able to observed by using separation of hole—
electron pair along with the energy band curve on a BagAu,Si, , clathrate crystal consisted
of p—type/narrow band gap intrinsic semiconductor/n—type junction. In this mechanism, both
n— and p-type BagAuSi, , clathrate crystal were required. In this study, we propose a
mechanism with only n—type semiconductor.

< Method and the attitude of research

Ba (99%), Au (99.9%) and Si (99.999%) were weighed, which have the atomic ratio of
BagAugSi,g, melted in an argon arc furnace. The synthesized ingots were crashed into 4—6mm
fragments and inserted into an alumina crucible. The fragments were melted by heating
around 1100° C in Czochralski (CZ) furnace. A seed crystal were immersed in the melt and
pulled with a speed of 5 mm/h and a rotation speed of 30 rpm. The pulled crystal was
investigated by powder x-ray diffraction (XRD) analysis using Cu K, radiation to analyze
crystal structure and the lattice parameters. Chemical composition analysis was carried out
by wavelength—-dispersive x-ray (WDX) spectrometry. The pulled sample was cut to twelve
pieces vertically in the growth direction for measuring the Seebeck coefficient and the
chemical composition (Fig. 1). The Seebeck coefficient was measured from the relationship
between the voltage and temperature difference at the two ends of each sample. The
temperature difference between the two ends of the sample was kept at 20 ° C. The n—type
area in the pulled sample was also cut parallel to growth direction for power generation
without temperature difference at 27-500 ° C.

< Discussion and results
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Fig.1 Photograph of the sample by . .
using CZ method. Fig.2 Observed voltage by only n-type BagAu,Siss.

« Clathrate crystal with Au composition gradient
without temperature difference.

Figure 1 shows a photograph of the sample synthesized by CZ method. It was found that these
specimens have clathrate structure by X-ray diffraction. The chemical composition of the
sample cut in parallel to growth direction was investigated by WDX. The gold contents of
the chemical composition gradually increase along the growth direction. According to the
result of Seebeck coefficient, No.1l to No.8 samples are n—type and No.9 to No. 12 are p—type
materials. This result also suggests that BagAu,Si, , clathrate has narrower band gap in the
part of intrinsic semiconductor than the other parts. From these results, The n—type area
in the pulled sample was also cut parallel to growth direction between No.6 and No. 7.
Figure 2 shows the result of the measurement under uniform temperature. Reliable electric
voltage was successfully obtained without temperature gradient. These results suggested
that the generated electric power can be observed by only n—type BagAu,Si, , clathrate
crystal with Au composition gradient

< Prospects

In this study, this mechanism can generate electricity by using only n—type under uniform
temperature. However, Au is one of the most expensive element. In the future plan, we would
like to continue to find the validate element than Au.

< Main references
1) Yamasoto et al. 12th Annual Meeting of the Japanese thermoelectric Society lecture
proceedings, P.71 (2015)

12



D—34 LMK

n BUHA A B R B 45 &L BaBAuxSi46—x U S A L— b E AW EF =L REFEDIRL

ERRTERSSSR 26 RESE
BUHE . REER ERE

OMEDEM - B

E, BEROBRICARBEMHNIESATINS, ik, BEMBMIEEZELELETHIE—A
VIMRERAVER-BALW Lo TEELTULA, ENTIE, BRICKHIRILF—IEK
AEELTLESIEVSIRAZRHE LTS, £C T, LT, BELABEE— ARV IHRZAVGLEH
EREBANZALERE L), ChiE, EEZEZLELETRENHTHEETES N, T
FILF—EBRPEOE LN AFEINDS, CORBANDZXLITE, nBFBER EMHFER p B
FERNVERMIER SN TND I EAFHICEFNTLS, LML, YV VIFAL—FT
(T p BFLBEDERFELTHIToNTVEIDIEHFMIEENAUDELEDDHIZIE>TWNS=Hp B
FERZHERTLIFEIRAELLGE>TLES,

SEOMATIE, n BRI EEXDATHREDHDRENARLEHLEREAN_ALEERE L],

COFELGRBEADZIALTE, nBEBRLEERFERITEN N BFER (T L IENDOR
1% n BAEER) AERMICHEREINTOT, SYERFBERISGEVED/ NN FXv v TH%RR
DTWAIENEH/ELTHITOND, ChoDEHEHEIHMZERL, TORBMEANT
FRTCTHOEBNEERT S EEEME L],

OMBEDNHEL - BEE

=fiEDBa, Au., Si % BagAusSi3s TH=EL. 7—VBRMEZAVWTESRIELT, RIZ. ZODY
DINEREBIL CLEATEERICES LS5 LTz, TERHEMZEE L. &AIE XRD,
WX, E—Rv I ZREHBE. W—BETTOREREABE) ITHHEFELEIHEL =, GH. KEERT
AR T—YDERENOHREEDTARATEI O—NILYA T URF v /IR TITo 1=,

OBEREAR

ER L =34 % No. 1~No. 12 DR DI £ RRARICFETRES BI—EET TOEENRE
) EIcEBT Lz, BETLEEBZERT ISR, B LEBZEER XRENICK > TRERBE
EHLIzECH, ABEIVTAL—MMHTHDZ EMNHER SNz, Tz, WX IZK > THERSH
LIzECHADRENEONIERLTNE Z EAER ST,

TRy I FRBAETE, BIRIZEE L =85 D No. 1~No. 8 A% n BUHB{K, No. 9~No. 12 A% p
RIERTHD I L L. HEANERFERIGEVTEAD TN FXv vy TG>TSR I &N
RSNz, RRARICFATICEE LI-E 2 B RDES D No. 8 & No. 9 ITHET HEZATHR
ML, nBEFEROATYH—ERETTEENAE Lz, TOBRER2IZTY, EHIGERENIHE
RENf-Z LM B,

13



D—34 LMK

1.2

B0

1.0

70

ERRERIA
No.1

Voltage(mV)
o
[=2]
T

04 |

‘:||||i||||1||i|i|||||

= 02
= No.12 0.0
= 0 100 200 300 400 500 600
=" Temperature(C)
X 1 X 2

OSHRDEE

ARBROBREN G nBHELBROATHEEZEEZHLEL LGVEENARTHIENTIN=D
T, NS DRREFMLUIEEETHRETEDESDMNof=c TIT, AULISNDTRTHRET
EHLDERAL T CLESERDORELE LIV, T, CZATEBASIZEFLIGEET
(T, HBERDOENNS WV OREGBEENFONG VO, HBEREXRECTIHEEEE
LREET D L SRORBELT D,

OCEESEXR
) WHASE 12 EBEARBZRFMEERTRE. P.71(2015)

14



D—35 RREMXF

I RILF—RERE~ OB,
-HETRETSHDH- -FHEHH Tokyo ZHIFL T-
A: iﬁﬁﬂk—?ﬁl"‘—?*ﬂmﬁﬁ%iﬂ—?ﬂ ERAFERBFETARE 2 —
Jet A BEE (RSLID AN ZE TS 14)
/\F?ﬁﬁjL%§ AN BB CRORUERSL/ M 5518 1 4F)
A AT (RASLEE B S 2R 14
WHFEFEE « BURER R FEIE IS B R iR s

OMFEDEH - BE

2011 47, WAARRER &L 2o TRF NI EFTOFLNFHAE LT, ZOFKIZLY, 24
RERNX—OBENER SND X)o7, R BIEZ DEO— i@wl—x%ﬁt_t?\
BT CHEKE 72> TN D %@?;D%éVi*»%~%%%f%éﬁ&i@mwk%iéi5K
olm, T CTEELE > TNWDEHLODO—DIERNH D, TORTHEESIX, BAOE T O
LEETH Y | B 2T HHS #ﬁ%héﬂi%kwm#ﬁiﬁﬁtm%_;éﬁmﬁ%awﬁ
FARBREESR THUROBREL 2014) X V)T, BEMEE S, OWTITERE 2> T D Z DR
BERFEBICIT D Z LT TERWIEAS D M, ABHECIHEREE LR EICHH L, FZHATRERBEIC
THZEEE -OHEE L, HEEIToT,
OMFD S - Tk R

HTO=H ABS a— 2 Z8MA L, i L U ORI Z A Lz, B E U BT ER 25

AL, R S RE LT,

- fEHERE

Ty varyzrlb—4%— (RIGOL # DG1022)
7 > 7 (NF ELECTRONIC INSTRUMENTS # 4055)
Z ¥ —7%— (YAMAHA # NS-BP200)

> u Axa—7 (Tektronix # TDS1001B)

EFEM PZT (7BB-35-3) (kM EERT)

=81
550 Hz/3000 mV,,

%82 A —
r el
10 Hz~3900 Hz/200 mV,,, =

>\
N

JPooav|
TRl —A—

X1 2B BAEK

FEhr 1

X 10X HREREMA, HIEELZHE L., LED TORNOA ML R LT,
Fhr 2

EBR 1 E R R T, HAEED BB EENEZHE L,

15



D—35 RREMXF

Voltage [V]
I I < NS

-0.005 -0.0025 0 0.0025 0.005
Time [s]

42 MEEEERERIC LD LED 56 EER
HERE DIEEMRIZIBWT LED OFEEAHER TE 72, K 550 Hz TSI L TWD Z &b HIZX
DIEELTNDZ LIRSNT,
FBR 2 AT o TR 2 M 3 IR T,

250

200

= 150

1.0 1.5 2.0 2.5 3.0 3.5
Log frequency [Hz]
X 8 MR AR O JE Bk A
630 Hz 1T, SEHEME R KIZR T,
OB
FER 1 TIZ LED ORNICBWTHEREBENS LI,
FEBR 2 ICB W TR E BRI OV CTHEREEREBERFER A DT, EERSLEE— D
HIRFER L2 b DB % E%Léﬁ%@”“ﬂé’ﬁﬁﬁ%ﬁ IEBVETHDLEEZEZ LD,
FER1 KD 2 LY ETOREILAGETH D &ifEmmfHiT 5,
OB DEE
ARFFEIC L0 F THRET 2 BIITEEIURFER R E <0 hbo TS Z EBNyhote, D
R ERFAT D & L HICABITAEBIKTFEEZ AN LERRO - OB REBELIZENOR
ZhiE A, EEROIM T k7 8% FRICEW TR L TV E 720,
RO ZETTan Y —RT XX —%2H I EL T,
OEESE TR
F%@ﬁ%*@?mfﬂ@i&#I AASZEHE 2008 4 12 H 20 HHIRK)
[&EsEOHs] (RUES ., BiXEFEE L% — 20154 1 H 24 %K)

16



D—36 LMK

Electric power generation mechanism without temperature difference using Au

composition gradient BagAu,Sisex Clathrate crystal

Teruya Nagafuji (Takamori High School, 2rd year)

Shinji Munetoh (Department of Materials Science and Engineering, Kyusyu-University)

OPurpose and Meaning

Recently, because of mass consumption of fossil fuel, the progress of global warming
and exhaustion of fossil fuel are concerned. We focus on automobiles because
consumption of their fuel reaches to 40% of oil consumption in Japan and there are
many energy loss in automobile engines. The energy loss reaches to 70% of the total
energy. If the energy loss can be recovered, the consumption of fossil fuel decrease and
finding solutions for global warming and exhaustion of fossil fuel are expected.
Thermoelectric power generation using the Seebeck effect is one of the general method
to recover energy loss but in this study we propose a novel mechanism without using the
Seebeck effect. The important point of this mechanism is being able to produce electric
power with no temperature difference. In this study, the purpose is to verify this
mechanism by using a gold graded Ba8AuxSi46-x with no temperature difference. All
processes were conducted at the “Global Science Campus” program.

{Method and Process
The novel mechanism can be explained by the Fig.1’s band structure. If the sample is
heated without temperature difference, the electrons are excited in the part of intrinsic

A N-type intrinsic P-type Conduction band

Band gap

Eneray

=S Fermi level

Valence band

® electron O hole

ey
Lo}

' Electrons are excited in the part of intrinsic semicoenductor,
: Electrons and holes diffuse each other to the stable side.
3 It is charged with electricity by the deflection of the electric charge,

|_i-\_|

Fig.1 The band structure

semiconductor. The arising electrons-holes are diffused by each other to stable side. As a

result, it is charged with electricity by the deflection of the electric charge. If we need to
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synthesis like this material, there are two requirements. It is narrower bandgap in the
intrinsic semiconductor and smooth connection of n-type and p-type semiconductor. As a
satisfied material, we choose Ba8AuxSi46-x clathrate and synthesized by Czochralski
method. Experimental procedures is that we weighed Ba, Au and Si according to
composition ratio of Ba8Au8Si38 and they are made alloy by arc melting and melted
again and synthesized by Czochralski method. Then, the synthesized sample is
evaluated by each measurement.
{Result and Discussion

The chemical composition of the synthesized sample was investigated by WDX. It was
found that the gold contents gradually increased from top to bottom. It also suggested
that there were n-type and p-type semiconductor in one sample and this sample had
smooth connection of n-type and p-type. The sample cut into layered and numbered
from No.1 to No.12 was measured by Seebeck coefficient measurement. The type of
semiconductor changes between No.8 and No.9 from n-type to p-type. Each Seebeck
coefficient has a peak temperature. This peak temperature suggests Seebeck coefficient
turns to intrinsic region. From this thing, if the temperature is high, the bandgap is
wide. If the temperature is low, the bandgap is narrow. The peak temperatures decrease
from No.1 to No.6. Therefore, the bandgap is narrower from No.1 to No.6. However, the
peak temperatures increase from No.12 to No.9. Therefore, the band-gap is wider from
No.1 to No.6. From these things, the sample has narrower band-gap in the intrinsic
semiconductor. We performed the electric voltage measurement without temperature

difference. Figure 2 shows electric voltage under no temperature difference. This result

suggested that the generated voltage 0.7
can be successfully observed under 0.6 /
no temperature difference. 0.5 /

T #
oFuture works E 7

% 0.3 ff'

Current issues of this study is the _g 0.2 /

o O /
price of the sample. We need to find +# o /
inexpensive materials instead of Au. ' //

Y —

oReference 0.1

Yamasoto et al. 12th Annual 0 100/ 200 300 400 300 600

Meeting of the Japanese Temperature(°C)

thermoelectric Society lecture Fig.2 electric voltage measurement

proceedings, P.71 (2015)
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The gold contents increase gradually and entirely.
BKICEE LI-EHOENENDE— Ny IRBZERELIZECD  [go =tk WDXIC
E30&3ISkot, BRHHEOE—Ry I GRHOBISEE—IDRE 1 2 0w mbioms s

RTE, COREFEMBEICASEEZRLTLS, COZEM o = No.12
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OLRDEL : o ]
ISR, HHIC A EER LTINS EICL ZHBOBIR - ger
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Electric voltage was obtained successfully
OXEHETH without temperature gradient.
ot 5, 58 12 B BAREE FFEEXTRE P71 (2015)
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TUW5HX3,
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FewATolz, ANTR—NKEO/NS 72T 1 7 WL, FEROWEELT Z & TithoORBEZE 58, &
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TN E | ZRESERORENMN I L > THEEZ PRI L, bR B3 D EARER Lz, HELE 5 %Ll L%
REFL L, BB OBNT ORT DERIORT TN E 2T, 7B, MFRITT X CEETITo7
OWFED ik « 7at A

D ZNETIHER L7 a XTI 0 0, 2 T2 M ToM@En a2 Lz, #9120 f |
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[1] K. Yuki, T. Murakami and K. Ohnishi, “Vibration Control of a 2 Mass Resonant System by
the Resonance Ratio Control,” IEEJ Transactions on Industry Applications, Vol. 113-D, No.
10, pp. 1162-1169, Feb. 1993.

[2] S. Katsura and K. Ohishi, “Modal System Design of Multirobot Systems by Interaction
Mode Control,” IEEE Transactions on Industrial Electronics, Vol. 54, No, 3, pp. 15637-1546,
Jun. 2007.
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bDE, TERPOTLLOEREANDLE, ELLSHETELLLOIRAMBRTEHALN R ON
%<, TERhpolztbolx, ANEPRARTHHBITEZ20bDONREhoT-. LR~ T, HEEZD

85



D—39 RERKEF

HLONT N TVEDITTIERNEDD, NMF 12X - T, AWM ERBERSEN ISR >7- &
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L1k, LEOEXPHRTOHNET —FICEENDIHELZERINZI IV — 7LD, HET
HTHIVX AKX O ZEREZEOLIZY LV ES DT =22 A5 &1k b, ARITEX
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P, ZOENS, HTALS |
FTBIRA UK CHEAL TR | 02

LT3 EEZLNTE,

K, 3 TAEDNTRA S MD_ S00 1000 1500 2000 2500
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WL LUE  BIVRAEED 10% L To b0
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91



E—42 faHXE

OBE LR

(WFFET —= 1)

S 8 - 3
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SOBEETT D, E 7o, NCLX il 23 LS i M A | 2 S E T 5 2 a3 5,
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1. BersD. Excitation-Contraction Coupling and Cardiac Contractile Force. 2001. Springer Netherlands

2. Kwfe R F OMNMAOEFHESE L E DIEEREE 2012, A AKE ¥Rt

3. MAN#ET I har U7 -k CE 7 n R h—2 2T T 4 DA — LB

(MEMBRANE) HIklH
4. Takeuchi A, Kim B, Matsuoka S. The destiny of Ca* released by mitochondria. J Physiol Sci.

2015;65:11-24.
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TIHIEDLDWeT —F Lo TND A xR E 72 2 DMSO o 7L 0 R S s O F2 BE ARV 2
EMD, DELTEMHAETE TV RWVWAMEEER B 2 b5, XM ORI & e~ TR EME
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PCR 2 & v #ig & &7= FIT1 &fs¥. DANI #Eiz+DDNA BFNZERE N A > TR0 E
N D DIy — 7 2 AT AT o7z, ZOREHR, BRI SHEERINIZELWVWEDOTHD
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1. Rusche L.N., Kirchmaier A.L. & Rine J. (2003) The establishment, inheritance, and
function of silenced chromatin in Saccharomyces cerevisiae. Annu Rev Biochem 72, 481-516.
2. Sun J.Q., Hatanaka A. & Oki M. (2011) Boundaries of transcriptionally silent

chromatin in Saccharomyces cerevisiae. Genes Genet Syst 86, 73-81
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OMFRD F ik - HEEE
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~ 7 A ESflifaCd 5 EB3 & o, EB3 (L. Gelatin—coated(0.1%) 175 77 A adHT
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HITEEE LT,

Formation of Embryonic body (EB)

ES medium Z &% L. single cell 12 L7z, 15cmDish {Z EBmedium [ o MEM with 10%FBS, LDN,
2-ME] ZMNA. 1X10°/mL (7% X O ISR 2 fEFE L, 5 F 5 Lz,

Formation of Neurosphere (NS)

EB medium ZBR#E L, single cell {ZL7z, T75 77 A =(Z MHM with bFGF (1ug) %Mz
T, 1X10°/mL DEEEIT /2 2 K O (SR 2 75 L 7=,

Differentiation to neuron or glia
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Immunostaining
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AL C 37°CC 1 Rl EE L7z,

Cell Count and Statistics
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1. Youhei Okada et al. (2008) Spatiotemporal Recapitulation of Central Nervous System Development

by Murine Embryonic Stem Cell-Derived Neural Stem/Progenitor Cells. Stem Cells 26: 3086-3098.
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42 FROTOHFMRNKFEMIZEOFRIZM T -7 EERERHT
AR Y (BRETH NI A = 27T 4 TEK 2 4)
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5 _‘:_ -\\l‘ -\\_ < ;\\ o > \\ ..\\. ..;\
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0.0 L
o [ ] : El Nifio Year+ 0 20 a0 60 80 100 120
= NASA MODIS total annual active fire detections (x 1000)
#tData of 2015 shows the emission from forest fires.« . El lelO

Fieure LAFfEDA 2 A TITET 5 CO2 Hrit Figure 2RO » KX 71081 5 kS A ML & CO2 HEth B

FATHFZE TlX, AfE. BH (2008) BA Y RRUTOHY =& v BiriBnT, M FAE
NDVI (Normalized Difference Vegetation Index) M iZ#HREA A Z LiomH L, NVI =X U
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DAEAZEA LT 2 NDVI DA SR T RN L 75N E ) IR TH Y . o N ERZE
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AEFFEO BRE, BEBEBRZHNTA v FXITEAY M TN, w2 7 TRETIZE W TR
DNFEAET D ATREME DN O L A | j:%§0>ﬁéff%fisﬂé1,7¢$§éEﬂ§£& Modified Soil Adjusted
Vegetation Index (MSAVI2, [4]) & :KSEI&AEHSE, TEEED O OMERE L KA L OFEFRE L2 &
WCEOFRTEZ L L Lz, B, AIEIET —~OREN D ERDOT X TE2AURE KRFE S 10— L3 A
TUAFX Y UNATIToT
OMRDHE « ek R

2015 4E8 ADA V RR VT A~ N TN, ~ /& 7 FHED Landsat? Biff a2 AT L, MSAVI2 OfE A3k
DL TNDxY 7 (0. 20=MSAVI2=0.35) i L7z, RIT, 20156 4E 0, TR E iR H L 0 I8l S
7oy ARy b (FEENGEREBH SR, 1 ZEAE K ERT,) OMEZ[5] LV ATFL,
MSAVI2 D Hulik & RO LA bR o0 —HESWEFR Lz, 20L& & FlIcHERT 57O Em %
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T, ). Ay ARy b (F), EPD
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—BEAH L, 77Uy FTEIEIIRE S ENRH T2, ZORRZEHT 5 Z &,
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[1]http://www. nst. com. my/news/2015/10/indonesia—haze—affected—countries—%E2%80%9Cwe%E
2%30%99re-more—upset—you%bE2%30%9D

[2]Global Fire Emissions Database (GFED), http://www. globalfiredata. org/updates. html

(3] EHIRE - Aff& (2009) (2R EBGEZHW AV KRRV T « h U~ XU BIZBi5
BESR IR =X )

[4]1Qi, J_, etal. "Amodified soil adjusted vegetation index.” Remote sensing of environment
48.2 (1994) : 119-126.

[5]Eyes on the Forest: Sumatra, <http://maps.eyesontheforest.or.id/>
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1. BAMEFfEHS KEHEOBBIZET2EE,
<http://www. jla. or. jp/library/gudeline/tabid/232/Default. aspx>[2016 48 H 25 H 7 7 & & ].
(1979)
2. SLERL . FEARIE,
< http://www. mext. go. jp/a_menu/sports/dokusyo/hourei/cont_001/005. htm>[2016 &£ 8 H 25 H
7 7 A]. (2011)
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Mean of Annual Change of NDVI
in the Farms by Damage Stage
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q:@\ *ﬁi@%:& Y :/ﬁl\@m)fﬁ %Eﬁ?ﬁ‘f“@% éo

OEXESE XM

[1] Avelino, Jacques, et al. “The coffee rust crises in Colombia and Central America
(2008-2013) : impacts, plausible causes and proposed solutions.” Food Security 7.2 (2015):
303-321.

[2] Hillary, Rosner. Saving Coffee. Nikkei Science (Scientific American Japanese edition),

2015. 45(4), 88-93.
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E LT, 2O OFIHT R TUICY TTE L kA2 KkH & L CEHEEZITo 7,
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ORLEE
TARNF—AL LTBRRI DKM E~ > 71—k bk, HifEio NDVI i k7= (K 2)

LA WMENSWEIINT TOKEE Y 7 a—THKOLENREL S S FFLTWT, BENSHN
ZRIDNT TSN DIEM DA T 2 L IC K DD T L REMER O D L BER T, £ TN T TT
Vo TIARRFEEE M THh TV D Z & &7E2 L, BRRI O/KH &~ > 7 —7 %, bk, difiiio NDWT
EHRDIZZNED 2 >OMEDET/KBEA DAL 2+ D & B LDE%E b L2 4 >OHiH %
TERR L. 2D 4 SOHFPICAETH UIE A M AKH E LTV 7 77 v a2 hOfERifEE R

(1% 3), ARARCUTM, THATHL T3k H &l S/ B 7 BV OB E MO R & TR 72> T
WD, KOS HEFEIT 85, 900m* & 72V, 2013 FED FAO OF — & (117, 700km®) & DFEFEN-27%T
bbH, INHOZENLEBEOFMERME L —HLTWAHZ ERbhd, £, EEOMETHE L
B L CHFRx ORERMEZEAT D L. KHORMEZ LS RTEEBNHEOND Z ERNbhrolz,
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\
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2 BRRI ®/KH o NDVI fEDZEAL 3 NUTTT U a TKE EHEE S L7 i
HUW g2 KH TH 5,
OSHROEE

N 7T Ty 2 PANORRERERED KD 5 TV D [ENZ I TR & 7RI oD f 2 1
Bz W TREEREZ RO D Z & TEBEOREE & OfRZEZ KD T TOET XV EMICTHIEEREZ
LAMIRKO 5D L OICARIDOTEEZYEL TV, £z, RO BN RIEREZ b & IOKROAESR
2T 5,

OXESEXH
[1] Research Program on Rice Global Rice Science Partnership (2013)
[Rice Almanac fourth edition] p.121-125
[2] Food and Agriculture Organization of The United Nations Statistics Division (2013)
http://faostat3. fao. org/browse/Q/*/E

[3] {4335 3C, IRl — (2008) TZARILARBI 0 L —F &2 iz~ A 7 a i ELORHA & A7 )
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BRERTRKET IS avh— K8 —L (BiEAKER) OB LT

A AR (RIS =M 5 220
OH SR CRAEKRS:  SEEREEBRTTERT  GEAT)

OHRDOHEHM - ES

WKT 7> a v i— Ry —Ai%, WE - AENRERED [LoXOHW >N THLEX
%L BT BEHM T, AL KF: G-Safety O A 3= |2 X 0 BHIE S HUE - IR
FER LTS (AfAD 2015), o, BALKZ TIIAREM 236 H LI HF2AERNROREHE N
Eii S TW5D (&F5 2016), BFEARMBOERTIL, HE - BIRICR ST, AADEEX 72
HARK B KT DR FPAEEDORL S L ER > TV (A5 2016), 2T, AWFZ T,
[T FE e KER) & LT, R - R ERREOR FAEN LD A MIHESE,
WAL TOHUT RS E L2 M & U CRIBEZER U, Z 50 2 3206 L 7=,

BPEOWRICEAT 2L ERD, RLEEHOL L, 2D HRICKRLIEFEOE T2 L
W DHMIERE BT, £/, /MCHEL T, BAEZTEOZRAICH LT, BADHAHRK
KEIZOWTEZXTHLDL IHEMBHI OB X 28I LTV EB LTS,

OMRDAZE - BE

BT 7 va v di— R =0 BRI S 2 K ER) 2 /AR PO FEZ R RITHE
i L. MBEOREGHESC, EiO HFIECZONTOT V77— {70, BFEAEOHEET Lickk
L7z, Flo, F—AEEET T, EO L RN EE N HOWTHMmE Lz, 72
. MEMER, MEOER ., MBEIZKT 5 BRKECHKOMIRILT X CHEETITo 72, Fhi
RefiX, 77— FRRARHH S E D, 60~90 BRETH D,

fE3CIE, Q1. Out of the Overload to try headed the school, to the workplaces. Snow is
about 10cm and go outside, you have piled up. In snow stopped, the sky is sunny, but the
temperature is low. What do you do? Q2. You went out to the active volcano that has
become together with friends, tourist destination. In the middle are heading by car to the
active volcano, I noticed that the “eruption warning” comes into its active volcano. The
“eruption warning” , in Japan, is a warning that the Japan Meteorological Agency to
announce if there is a risk of serious disaster caused by the eruption of the volcano occurs.
What do you do? TdH 5,

FEi 7 o — MHEBIZX, QLAARDKEFZARLZIZED 72?2Q2. EARBRKEENNLN?
Q3.2011 3 H 11 HICHA TR Z o 7=2FITM-> TV HE M2 FHE T 7 — MEBIL, QL7 — A
1T Lo 7202 QI — VT D R T oo ? Q3N LB TEX N2 Q4. 120 1=
W2 Q5. HETHEN DN ? QEFEMNTHZ TN TH D,

FEh H & Ehaxt G L F O AHE. 2015,12,19  BHARANEKAE 92 AN BF4E 28 A, 2016,3,22
TAYANBE AN, 2016,08,02&03 HAANEKALES N AF U AEKES ATHD, —HOHE
M 2 X RIBWHE AT, S5, BEFHA L LT, QLAIEIZHEI > TWV5H0? Q2.
FRN 0?2 Q3IBRICONTEREN?2 QAT — LB KEIZHOWTEE L2 Q5. A
[ZIRD T ? OTHE THEfE L7,

OBREHE

T—LOHEH, FERT o — b, £ LTEBHAET 7 — F&2AT O, #iRk%Z Excel TE &0,
AR, BERoOZL, EICEBETHORNEZ, 77 7R EER LB LERT D,
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Molz, 777 1,2,31F, TRNENEPFELAARAANDARLEARKETLE LD, Y
AT, HARALY S HIEKPICHE S BFEDO RS, M. 68, WKkoOmEL LET 5
FRgnole, A XY A, AROEKAETEERT L2RFIGEVWRHZOIX, EZ 5 ARKE
MR DT EE2 DL, AX) AOEKAF, BETIIEZ 20D, BATEZZ2HR
KEERNZRT D28 H 5, K11, HROERE S R RY HEWRFTRIT) 21,
fRFTOIEH., ZMEICHEE AROENEZ GNP LT L THDIIEREEE 2 TWD,

AL ARKEFEICONWTOFERZHRSCT 4 A v va vy, WRITBHOMHREZITAD LI
Tpolz, fRBLX, PR RBSR LR OMIGEOm T ORNFEETL L 5 Lz, FEaic/Y a v
TERZZ LD, BRTFIEEZEZXTELZNS, DTV EVWIFLH o720, B ThE
ETCLESZD, BNV ISLWVHALEN-T20 LT,

BT NERET

OEL

L= MR~HEO

WPE-BEA-BERUFIENRE

‘ || il l |||| ‘7. :

(H27Z73) MHBr771)

EAEHT FEIRESENE Frema =
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GESEJ L LT

|| | <
il s _.-,i__ o '_,|J__-,!_. LSy

(777 2) (#2777 3) (1 HROEPRAN)

OSHRORE

AT ELUEER DL, WEER, SORIFHMEPLETH D, HALEOHIH T L ITk
RN R TV iy, SRS — A& T Rl EEOMYE AR LREEOT o r— T
fER. 1 & &R Ul T LI OMPBEMESLEOE b B L, L REER,
DYEPME, WALHTT OREATEICH 2> 72, BEOBREFICORIS LIBEFEM = R
a9,

CEXESE XM

ENREE « WEERE - R)IUBE, 2016 , BESFAMITHSS T 7o a v hh— RA—AL5EA S, Hi
KA PHEARE, aRAEICL DR AZ —FFE, 002-P53.

ST B4 AR B - R B - KL RET - MK 2=, 2016, BT VY a v — KA —
LERWIEHPAERTHREAE, HERKKERFEHE RS, REEZRVEZ 27200 THREW
B S EE |, 602-02.

DANEA S, (LU EET], JERES, T, BIIBSCER, MOEEE, LAZEA, FHAR, =
WeZE AFIZERN, SR SCEE, B BEERE 2015, SNBSS HE OB BT 7 a0 h
— N7 — L) OB &K, #ETERWmeE, & 32 5, p301-318.
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Development of low-cost meteorological measurement system for
hyper-dense observation of snowstorm-induced poor visibility
Yui Kobayashi (Ritsumeikan Keisho High School 2nd grade)
Kyoya Watanabe (Sapporo Minami High School 314 grade)
Nobuyasu Naruse, Yukihiro Takahashi

B Purpose of this study

Hyper-densely monitoring for poor-visibility occurred by snowstorm is needed to
make an alert system. It is because the snowstorm is unexpected and local phenomenon so
that it can be said that it is difficult to predict from the observation only some
representative point. There are some problems in the previous approaches for the
poor-visibility monitoring using video analyses or visibility meters and transmissometers;
these require a wired network monitoring (a large amount of data: 10MB/sec at least) and
the system cost is high ($10,000 at each point). Thus, the risk of poor-visibility has been
mainly measured at specific point such as airport and mountain pass, and estimated by
simulation two dimensionally using the data of temperature, wind speed and the texture of
snow. However, half the number of phenomena of snowstorm is overlooked because the
simulation uses Non-Hydrostatic Model (NHM) data of Japan Meteorological Agency which
data is shown every 1.2km or 1.5km. To predict it two dimensionally and more accurately,
we have developed a low-cost meteorological system to observe the snowstorm

hyper-densely. Also, all of this study was carried out at Global Science Campus.

B Method and process

We have developed a low-cost visibility T e

mirror ND filter  sensor

of semiconducting laser light when snow = \ S
particles block off (Fig.1). Its structural =
material is Aluminum frame and the size is 7
1.5m tall and 2.0m width, and measure /-

visibility at 1.2m height from the ground, Semiconducting laser

meter which works as the reduced intensity

which 1s same to the height of driver eye line ) o ’ o
Fig.1 Schematic illustration of visibility

of standard-sized car. Our developed system .
measurement unit

also has a capability of extending a

hyper-densely observation in real-time on wireless network using Zigbee; A/D conversion
and wireless data sent from temperature and illuminance sensors. We use a
semiconducting laser chip ($5) for the light source and a reflection mechanism by the use of
three mirrors so as to send the light to a non-sensitive and low-cost illuminance sensor
directly. Also, we could gather the battery of illuminance sensor, semiconducting laser, and
data sent module with wireless communication. Thus, our visibility detecting system

($500) becomes much cheaper than previous one.
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B Result and discussion

We have checked the correlation
between the reduced intensity taken by our
system and the visibility recorded by
conventional video camera. We set the
target of tree which is about 10m distance
from the video camera, and made an index
of poor visibility. Fig.2 is a scatter plot

which shows the relation between laser 80 90 100

Degree of poor visibility (%)

intensity (vertical axis) and degree of poor Laser intensity (%)

visibility (horizontal axis). The value for
Fig.2: Relation between laser intensity

the correlation coefficient was -0.67, which Sy s
and visibility

indicates comparatively strong. It means

that our developed system is practical. In conclusion, we have developed low-cost
meteorological detecting system to observe poor-visibility occurred by snowstorm, having a
potential of hyper-densely monitoring on wireless network, and have made sure the
practicability.

B Future prospects

By observing at the conditions of poorer visibility, we will be able to extend the scatter
plot like Fig.2 and the type of best approximate will be revealed and it will lead to the more
accurate observation. Also, to construct an alert system with multi-point observation, we
are thinking of making automatically detecting system for snowstorm by adding

micro-computer to our instrument.

B Main references

[1] Takeshi, S., Masaki, N., Isao, M., Hiroki, M., Sento, N. (2012) Prediction of Poor
Visibility due to Blowing Snow and its Verification -Application to Measures against
Blowing Snow Disasters by Niigata City during 2010/2011 Winter —, Disaster
investigation of National Research Institute for Earth Science and Disaster Resilience,
No.47, Feb. 2012, pp.103-112 (in Japanese with English Abstract)

[2] Toshiro, K., Osamu, S., Hirotaka, T., Manabu, K., Masaru, M. (2012) Fubuki Kansoku
Shisutemu Nettowaaku no Kouchiku (Construction of snowstorm observation system
network), Monthly report of Civil Engineering Research Institute of Cold Region,
No.709, pp.31-37 (in Japanese)
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HESRBAZEE L -REGEETSHEIREEORR
ISV ISR 2 )
WA (LGSR 3 )
PRIEHE, 0L

OMEDEW - BEE

WEIC LD RBEEIT, SHIBROHBOmE, BEER EIRE L THRET 22230 - Jah
MBS TH D, fk, RERFORBENNZIL, T 402 T00BeE, REH R EMEbNT
TN, WITNL VAT ALK TI0 THUEEEMTH D Z LoT7 — X &I 10MB/FD & K
THBERN LA EOBMN G, BECEBER R EORON MR TORBIZE EE-T
W5, ZOEOBERRESCERSE, SEEORLET — X2y Iab—rva il bsmm
RYPBARERE R>TWVS. LLyIal—3ig UL TWARETIHGNFET L
(NHM) DT —# DKL RFEN 1.2-1. 5km TH D728, AL LNEZEHL00NBIRTHDH. %
ZCARMGETIE, L REBIINIC AL D < MBS O RS - ERIED T AT L OHFIZ
M, &3 2 b OF/R Yy N — 27 OFEICE S TR E RS 2 8101 T hE 72 38 OB % 4
HiyE Lz, E£7z, RT —~ OREN O EMO R TEIERT- 7 17— P A = X
X ¥ RN ATITH .

OHMEDAHE - TOtR

P3 @ U2 BRIC IR Y ORI AN A / Ehhﬁmﬂhx\\

DA A R Lz, ZHUIBEFOBRERGHILE

B 15T % EBHRE OFE L BT 57, —

10k 51080 £ D L—F— % 47 0 5 —_——
T L TEBEREKNR ALY MRS THDMHET AL — I —

WROLO LRI D, HEEMEHIIELE SRS o

SIS LS T A a7 A aE L L PR AR

7o, BEEAROE ST 1.5m, BIEN 2.0m L72o TS, —KEO R4 X—DBBROE X
BB ENSLOES 1. 20 S TRIEE V—Y —i8E 42 % THAE L, A/D ZH#iik i m
FEY 2—/ (Xbee®) TPC~T —H ZiXET DAL 72> TS, Xbee ZEHTHZ & T
BB EFBESETZ VAT A D Z LR, kit a2 BAMNCERET 2 0ER 20 &0 9 FILR
Wb L. FIRPFITII M7 B8R L — =R T2 EH L, $lck s L —F ko
DOV IR LIS K DWERIEH D03, JIHD S OEN TR 124 72 - 2B OBELE 2 5l 5 05k
B A T ORBFHTHATRE N DI RE WD, IS ERE Y &l 3 5 LB
Drolz. THUTINZ BEHE &2 YEE, MAREEE, BIRHA O TRET DL L TRBEEHA
FIZTEI. TOMKE, ZMeBEE YR TOMEH, BROENDATREIC/ZRY, AREE I
VAT AR TR T & BT OSRFHAEE BN X 1/20 Offits TERIT 5 Z LT
7.
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ORRLER
{EREED L —F =g L R L Ot o 40
BRA TR D70, AEBICLDEMEE e
FFUTRRLIEEF A AT OBt il 7 30 \
LI 24T o1, EF A0 A TR TiE, ¥ ‘
BEE 10 A— brEomokTic ks 5 20
HEEZHELL, SRESOEGVOR % -
i =~ g N . 3 A
BE L7c, B2 3B DM Lo HEE - - - 1150

EOEE A (= TR OEIE) (%) %,

L—HF—BREE A R L 0, O RCOR L L= —5RE (%)
EHOTHS BEREEDESN-L—F—  [F2: BEEEOESE L —F — 3 E OB
WEED L 5 b 5RO FE A LT

VB, T OMARICEIGER A M T 5 &, FEMREK 0.45, 49H-0.67 &, HEAIRED
WA DT, L—F—ORERKE NE LB SEBT RN E <, HRANENE S
S EERL, WEITHEDNLTEXEEF AN AT OWEORII LT3 LA THD = &
LTz,

OSHDEE

S HICHBOEVIREE, WbhbwaHRTA 7 U b EMTRAIBANEL RVIRIER & D54
TTHBHIZITY 2812k, K20k BRI Y TED 2 i 7223 o0, itk
D IEMERBINC SRR D EE2 L. FREBBEROKRE LT, vAMar2HLERED
HEVHIE « BB SEEOEM, & U CREIICIIARZEE 2 E 505 S W72 R E O & 81
VAT LADOHELFEREBZTND.

OEXESEXH

[LIVERRIR - ARAAERS - EAB) - REGL - HIFEEA (2012) TRFIC L HHEEEO TRl L =
DOIRFE  — 2010/2011 A OFIBTHIC K D KT RR~OTE A EH— 1, [B5 SRHE AT 78T
SSCEMA B 47 5 2012 4£2 AJ, pp. 103-112

2] fRR - ST - BRATPER - &7 - B (2012) TIREBHIC AT ARy hU—2 O
S, [ HARFZEET H # No. 709 2012 456 A J, pp.31-37
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12 FROT7THEMKKRERRIED =D DIEIRDEFERE
~TIEARY FLVEHRIZBL T~
A sBG CILEE SLALIRPE & 38 2 4F)
HE B (WERREILM SR 2 4F)
AU GERE, Al SEaL

OHMEDEW - BE

WA, A v KRR YT TEHE LTV DR SNTIEIC L 53T B E A~ O R E SRR R B
R MIZEHE DREE R B A 5 2 578 EREASMEIC e > TV D, FRIZ 2015 BT ITm B R K
DTN =—=aBIGENBEL A RRU TR LT ELRN 726 SN EBIZ LD 208 EIT
EHICKRE RO HAMICHMOND L DT o7, 2D DFRMRAKDFA KT A 2K
REDNETHDH (HEF 0 1998 4F) . JELERIPHOILRITIT AN AR R ER, D F 0 EKEZ KM L7z
THOKGENRKRELS EHboTnBHEBX N5, 7oA ¥ RR T T O LEIFEGE ik TIEE L <k
TTELNLTWDIED, THETHHRZ . BENMERLTWD, A& BRI TIZBIT 5 K&
M A2 DM, N TREE OIS U722 m% 75 5 NDVI (Normalized Difference Vegetation
Index) ZHM L, vy U7 INTZHENRHD (L7 : 2010 4F), LavL, FAENREAKEE Kk
DL DRAIFEEDZA LT TRH D (AR 2006 4) 72DV T IVH A Lip EHEEKEOHEIRIT
mERTWR, 2, AWEEORILHEIZB WO T ZEHO L —Y — 2% ¥ F—% F iz Bk &
DYy BV TRRINTND, TOEE, L—F—DRTH 5 1069nm (ZF1T 5 THEK S EOZE/RIZ
L DRSEOHR % FHEHCRIE S S Mgk O FE 2 L CAY Mg L, LT\ 5,
LovL, UKo 8RN ETHY, ZOHRICEENDHRRLEOFEGIT 10%IFETHDHT-
O, RO AT MVOKRITH SN/ >TE LT, MUEBROBERIIZIZED I X N5,
AHFZETIE, VB — her v 7 E AW ERAR K S O R ASERRIR DR 2 TR IR 10D AT R VARFT >
DYERC LTEFEIEN DT O 2 2 A E T2, 2B, AT T —~ OFED D 4 T % bifFE K
Ta— YA T AX v N ATIToT-,

OMADAE - FTALR

AV FRTTRRERETEDNTWD Z EEE L, EBEORRKR L (I FFPE) 2 AF K
GrEE TBMHIEZ TENS DALY IV 400nm 7> 5 1050nm O TENENMIE Lz (5 )eds -
A= R B A I, JRINRTI A T AT MR N, E R BRI S D RFICEST 5
=D Nt A REICRE L. KBORDY LD 0705 o FIIEREEGR O T — 2 )bt i
Z 60 EICRRE LTz, TILH DAY VORI BIRR 1D HHEK 3 BIC K ERISER o 5H LR
SNTW R A LRI A B, A R T HE D> X7 ¢ FIZF1T 5 Landsat8 DR
W4 (156/6/26 53fFRE @ 30m) Z JHWTHEHGEHA 21T o7z, £z, MOFRIREE DA T 5720, i
LD TR EDOHEEIZHHE 317~ NDWI (Normalized Difference water index) . NDSI (Normalized
Difference soil index) TOWH BTV, FMAILIEMN, HOEHLSOBEREIIE 21T > 72,
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OB LER
T BB CE Z TR L OREE /KEZHE L, UKy &EEF @ field pro, WD-3, FiZE+15%),

ENDHDAXRZ FUVE(- 1) &0 RBRERA L EDILD AT FLVOIBRP R 6T,

Spectra of peat obtained by several soil water content
New deep blue NIR
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QAL 38.4%
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B 1)PRE DALY M v

FriZ BRI BOZABICR & RIS 2R LTS5, TRAME D /S B2 L THRE 2 fER L 72,

NIR — New Deep Blue
NIR + New Deep Blue

BB R ORE R, %%ﬁﬁkﬁ%ﬁﬁk®ﬁﬁ@ﬁ®%iAE¢&bkﬁﬁﬁNWLWMtﬂrm~
GFIEEREBRENA OGN, ZNOEMNLIRIRTOKSEIZ LV EL LT-FREO/ERN TE -, £7-.
Z DFEE D & AR KK AR BRI DR N T RETH 5 J:mﬂﬁé;hf:o

Our Original Index =

OSHRDOEE

A EWERL LT HEIE 2 AW C LUKy EOHIGEZ iF 2 2 L 1IT K o THRRAK I A O 5
AT P2 R D, 2, JBRED AT MVHIEZ X0 JRHEIPHTIT95 2 & T, KRR L0 15K
BIRHE LT FERE DVER A AT 5 o BRI R OB D AT ML DB Z IS 5 720, FEHR
FEBICEB LTV DARUET TORARY MVHIE BT,

OEXESEXH
O] & 72 TZEV—F 2% v T2 W7 B8ORS OHEEIZB T 2 S0t 5E ) | BRI SRt a

A BREEWMAEE, B 218 463-%—
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