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Geographical distribution of "Kawanori" (Prasiola Japonica Yatabe)
in Kumamoto prefecture

Koichiro Yoshida
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Studies on P450 aromatase (P450arom) gene expression in sex differentiation
in Japanese flounder (Paralichthys olivaceus)

Takeshi Kitano

F—J—F: g, Wik, Tuvy —EHEETF

Phenotypic sex of some teleost fishes including flounders can be experimentally altered by treatment of embryos or larvae
with varied temperature or sex steroid hormones. To analyze the sex determination mechanism, especially the role of
cytochrome P450 aromatase (P450arom), an enzyme that catalyzes the conversion of androgens to estrogens, in temperature-
dependent gonadal sex differentiation in Japanese flounder, I have generated two populations of larvae, both having XX
(genetic females), but each growing up to display all phenotypic females or males, by rearing the larvae at normal (18°C)
or high (27°C) water temperatures respectively from days 30 to 100 after hatching. First, I have isolated a P450arom
cDNA containing the complete open reading frame from the ovary. Semi-quantitative analyses by RT-PCR (reverse
transcription- polymerase chain reaction) of P450arom mRNA levels in gonads during sex differentiation showed
nodifference between the female and male groups when the gonad was sexually indifferent (day 50 after hatching).
However, after the initiation of sex differentiation (day 60), the mRNA levels increased rapidly in the female group,
whereas they decreased slightly in the male group. These results suggest that induction of sex reversal of genetically
female larvae to phenotypic males by rearing at high water temperature causes a suppression of P450arom gene
expression and that P450arom activity is thermo-sensitive.

To elucidate the role of P450arom in gonadal sex differentiation, I treated the genetic females (XX) with fadrozole
(aromatase inhibitor;Al) during the sex differentiation, resulting in that it induced sex-reversal into phenotypic males. The
effect of Al was counteracted by co-administration of estradiol-17 2. These results indicate that estrogen plays a major role
in ovarian differentiation, whereas the decrease of the estrogen content in the gonad is important for testicular differentiation.
RT-PCR showed that P450arom mRNA was barely expressed in the gonads of the phenotypic males which were sex-
reversed by treatment with Al, whereas it was highly expressed in the gonads of phenotypic females which were produced
by treatment with Al + estradiol-17 8 or controls. Moreover, treatment of genetically female larvae with 17« -
methyltestosterone induced sex-reversal as well as suppression of P450arom gene expression. These results indicate that
sex-reversal of the genetically female larvae by Al or 17 « -methyltestosterone may be due to the suppression of P450arom
gene expression and the resultant decrease in the amount of estrogen. ,

In application of the difference between the female and male in the level of P450arom gene expression, I have
developed the sex distinction method in early stages of hatchery-reared Japanese flounder by detecting P450arom mRNA
by RT-PCR. As balanced sex ratio appears to be a very important element for successful stock enhancement of the
flounder, it has been required to check sex of the hatchery-reared juveniles at as early stage as possible. I demonstrated
that detection of P450arom mRNA level by RT-PCR was an excellent method to check sexes of the flounder juveniles.
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Efk. BEICED ST 74 VICABEL, 5umTINT
74/@%%W%Lfmvb%vuy—livy®
TEPE L, FEME TR To 2, T,
BRICOWTIX, H#E10-100, 10BFIZFNRZFN10-
0 EDEREEZRIE L7z,

2-3 7
2-3-1 KEDBBEZBMEMENDE
WEHLBENEMREZ HWT, MEKRICES
% PR, 18CTIEME & b oEi 4055
HE <L BAKR Q5C T 7213270) TlHEOEI &2
bEP o7z (Fig.1)o H2, BMEHMEMEIZOWT
X, 18 CTiEeMick s —F, 271CTikaHs %
D, SEELERIRAFER S N, ;
2-3-2 HEMEBER ok \Y
BIZHLMERE % BV, H#30-100. AB/KE 1‘5 8 2'5 2'7
18C 21327 CIR L, #nFhnE, M~ bl
BRIy TOBE, H#M0. S0TOMBEDETE Water Temperature (°C)
Bk, MEL, EEMEATIESICHEELTED,

100

Percentage of Males
(¥4}
(»]

Fig.1 Percentage of males on the flounders reared at

ﬂﬁﬁiﬁﬁ@ LV T ERO b Do 72 (Fig.2-A, B, C, D)o various water temperatures from 30 to 100 days
. . after hatching. Solid circles represent the genetic
L7 L. Hii60 (S531mm) Off i, JRREIZENT T female group (XX). Open circles represent the
R IR L R L. AR OB L B0 AR normal group (XX+XY).
A B C D

Fig. 2 Cross sections of female and male gonads on the genetic female flounders at 50-100 days after hatching.
A, B, C, D : female gonads; E, F, G, H : male gonads. A,E: 50days; B, F: 60days; C,G: 80 days; D, H: 100
days. Ge: germ cells; g: gut; arrow: ovarian cavity. Scale bars=100 u M



PHEESMPR L TRA L, JRIBEIEIC 2B EE 2
HILAWNENER S iz, £ 72, RFERN O A,
AETEMI OB ATEEIN L 72 (Fig.2-E)o — . H#H60 (&
F37mmy OHETIE, AEFHROTLIEEIHIRIZEN L T
PRI & d0E ) Zibx Ad iz, T 7o, R s L
722h phb b, AFEMlaOB L UTTIRICZE L
% h o7z (Fig.2-F)o HHEI80 (£ E50mm) DIMETIX,
JUIEED BRI, INEERICEET L ZEZ bNA
OPZHRAERE DT & iz # OFIZ IV EAE A
R L. —EB T E I o BP B e o> Lg%
PBEE SNz (Fig2-G)o —F . HEGSODHETIZ, 4
FEIRASAKIR S E A, IR E L CHEMIIROEB &
DIIRICEA LI B 22 o 72 (Fig.2-H)o HEFI00DMET
W, AFERRASRES AR L, ARERA TN
B0 WEFZHAE SN 5 —F, BiF1000 M
Tk, AERAHRVIZREA R L, EEESICEL
THAE L7z (Fig.2-L)o

I DWW TiE, BiliteoLFE, 27 CIXId18CKIZ
WRTHEHERNKELLRY, AEEIRD LN
(t-test, p<0.05) (Fig.3)o

70
60 |
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40 +
30
20 +
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Total length (mm)

0 L ! 1 L L Il 1 1
10 40 50 60 70 80 90

‘Days after hatching

Fig. 3 Growth curve of Japanese flounder in the female
group (@) reared at normal water temperature (18
°C) and the male group (O) reared at higher water
temperature (27°C) from 10 to 100 days after hatching.
Values indicate means * standard deviations (N
=10-20). Asterisk indicates signifocant difference
from value of male group (Student's t-test, P<0.05).

2-4 E S

2-4-1 KBDPEZBEMADRE

WA (1995) &, MfEBYEMERE© v T, H#40 -
90, FIHE/KIRE17.5-225CIZ- X Tid, Mo
A7388.5-972% L EVAH, 275CHRTIE, 0% F
72511 % LR o 72 EHE LT b, ABFFEICE
WT b, FEKEI0C TR 5—F, 27T
TREWELY, ZORErFEMFTIHRE L o7,
SRIRENEIC L Vs al, S FETA L

100

i, REICE MRS MIT S 2
T, KEERENEEZONL, TR, TOE
BRET VRS T LICX Y, mERGFHEIERER S
TG L BB SR MREBE OO
RLZENHEINS,

2-4-2 5 bBiE

IEE DA, REIE o HIRIZESL B, DY
HIEOWHAZ L W FER SN, FBEOSERIEE.
R R R OSSR & 7 5 & & 0 &
NTWA (HAF, 1987 5 1A, 1995), ARBFFEIZHB VT
b, MEMEE b R LA S N, 72,
M EOBEIC LY GRENEMEF L AW THIEL
7oA FRRME 18 CHTE) & M 7 CHE) I, #1hFh
4E31mm, 37m? A #5601 B W T, T CIZIERERIC

AR DOMEREZED RO b B T E DAL IR 272,
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31 F
Y hruoap4soTuvwy—Yik, Ty rE
IA MO ERTHERERTH 5, FHED
WieBwTld, TOBRE, SFSELABTRE
L. A harroagirhl@Edsz ok, B
BRI > TWwWb (Matsumine ef al., 1986 ;
Pasmanik and Callard, 1985 ; Sasano et al., 1997) & &
W, 7aTy—POWEICINVERINAIANTY
F—l-17bld. IO FEE AT K TH 5 (Wallace,
1985)s wift, HafbicBIT A 70~y —EDRH
BT ARV o ES TV A, BT,
LRI BT, AR TOT7 0~ ¥ —+ mRNA
PRIZMHETIIRE ST, B CRRHE S
% (Yoshida et al., 1996 ; Smith et al., 1997). REKRIE
TR ERERE % RO TE R R WA T, AJERTO
Ty —BiEHED, AFEMERE LY b ISRy
DHFBEEIIHN (Desvages and Pieau, 1992 ; Desvages
et al., 1993 ; Chardard et al., 1995), WHHAIETH %
7 7 ¥ T (Oreochromis niloticus) TiZ., TRIEMRLSE
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B CILEREE S e\ (Chang et al., 1997a),
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JREP S 7T U< ¥ —¥ cDNADKHEEL R A, W91k
RSB AAEFERTOT Y Y —EREFORE
NE—va, 1ISCHEBICIVER L -2MER 27
CHBICL YRR L -2HER L THlBEL 72,

3-2 HHRBLUHE

3-2-1 ESADTOTY—+ cDNA DHEE
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(DIG) T L., Thix 7u—7ICHWT, 8T XD
cDNA S 4 775 1) —# 5DIG Nucleic Acid Detection
Kit (Boehringer Mannheim#t#) 2L h 2271 —= ¥
T aiTo7z. HEEE /2 cDNADHEIEES O HREIL,
Dideoxyi% (Sanger et al., 1977) % FIF L 7z ALFexpress
DNA Y — 7 L ¥ — (Pharmaciaft) 12 X W B5E L7,
F /2, TET S —EcDNADS LRI, 5-RACE (rapid
amplification of 5'-cDNA ends) (Frohman et al., 1988)
12 & W 5'RACE System (Gibco BRLAT52) % F v T HLAE
SNz 3, BT ADIED LI X /2mRNAO.S
pgh, EIANDTHTY —¥ cDNAIZSFRE 21
FEEEH (FAS) -1 (5-ATGATGCCTCTCTCATACAT-3")
%75 A <— & _TSuperscript I RT (Gibco BRLAL %)
VT DNAZ AR L7z, KIZ, 2 DcDNA % 51
& L. AmpliTaq Gold (Perkin Elmerft#) % > TPCR
(Polymerase Chain Reaction) 21T- 720 79 4 =—IZ,
first PCR |ZfAS-2 (5'- GCTCAGTCCCTGCTTGCTCC-
3 ET V=754~ (5- GGCCACGCGTCGACT
AGTACGGGIGGGIGGGIIG-3") (Gibco BRLATEY) %
nested PCRIZfAS-3 (5' TGGCTGATGCTCTGCTGAGG
3 L LZN=H N T T A 7~ (5- GGCCACGCGTCGA
CTAGTAC - 3" (Gibco BRLAL#) % H\»72, PCR4
R, T & b 95T105 O BLELE, 94°C30%),
59C30%%, 72°C 1437C30[E & L 72, 5-RACE (2 & D 1%
57z cDNAWTFIZ, Original TA Cloning Kit (Invitrogen
8 ZRWCHEES I, R8O ETHEERYD
(;%% é h f: o

3-2-2 RT-PCR (Reverse Transcription-Polymerase
Chain Reaction)[C & 27 AT % —tmRNADEE
H#S50, 60. 80, 100DFEA DAFER, F /2T
O F S 2B S5ISOGEN (AR Y — v #tdh
THWTERNAZHIHE L7z, T D% RNAL g b
RNA PCR Kit (Perkin Elmertt#) % Fi\ > TcDNA % &
BE L 721%. AmpliTaq Gold (Perkin ElmertL &) % Fjv»
TPCR%Z 1T o 72o PCREMIZ, 95°C1057 [ o BpLEg
&, 94C30%, 59TC30%, 72C14T25MH & L7,
7T 4<% =13, fAS-3&LfAS-4 (5-ATCGGATCCCTG
CCTGTGAC-3) & L. WNEEH# L L TR RS T
FEif R EF-1a (BF-1a) 2HIET 5720, ©J 20



EF-la @ cDNAIZHFREB Z1EFEALYY (53-AGTTCGAG
AAAGAAGCTGCC-3' & 5'-ATCCAGAGCATCCAGC
AGTG-3") b a7z, PCREWIEZ, 2% 7H U~
VTBERKE L THI U2 AT (Amershamth i)
WKEEL, e X07uv¥y—+ cDNAT /23 EF-
1 acDNA % 72— 7% L TUDIG Nucleic Acid Detection
Kit (Boehringer Mannheim#L#) (2 X 7oy b
B AT o720 THTY —¥ mRNARIZ, A V7L
YEDVTINERA AT TFIGAY -V T MY
L7 —(PDIFEENIC X D illE L. EF-1amRNAD ¥ 7
FAEOHMEL LTERLK,
3-2-3 EIA(Enzyme Immunoassay)lZ k% AT M
14 BRIVEVEDHE
H ##20, 40, 60, 80, 100DHEf % . Phosphate
Buffered Saline (PBS: 137mM NaCl, 2.68mM KCI, 8.1mM
Na2HPOQs, 1.47mM KH2POs: pH7.4) HTHRET F A4 X
TCACT T 11T

ICCT!

ICICOETGECCTCARGGACCTTRATCCTGCTCGTRTGTGTRCTCCTOGTCGCCTAGAGCCACACAGACAGEAGAACTGTGRCCAGRTCCAC,
LLVCVYLLYV AV¥S

F C L g L 6PLLSYYRFIVWTGI GTACNYTYNT KT RY
[] bzl ' i

S Y ASRTLI

A
b

GGAAAAAGATACGCACCCATTTCACCAGAGCTCTGALAGGTCCAGGTTTGCAGAAGACAGTGGAGGTCTGCGTCTCCTCCACACAGACTC
KK T RTHFTRALTGPGLGQKTVEYCYSSTQTI
ACCTGGACGACCTGGACGGTTTGGGTCACGTTGACGTCCTCAGTTTGCTGCGCTGCACCGTGGTCGACATCTCCAACAGACTCTTCCTTG
LDDLDGLGHYDYLSLLRCTVVDISNTRLTFTLD
ATGTGCCCATCAATGAGAAAGAGCTGCTCGTGAAGATTCTGAAGTATTTTGACACGTGGCAAACTGTGTTAATCAAACCAGACATTTACT
VFINEKELTLYEKILKYFDTR®QTVLIEKPDTIZYTF
TCAAGTTTGACTGGATCCATCAGCGACACAAGGCGGCAGTCCAGGAGETGCACGATGCCATTGGGGACCTTGTGGAACAGAAGCGGAGAG
K FDWwilHiORHTEKAAYVGELTHDATGD TLVYET GEKTETRD
ACGTGGAGCAGGCAGATAAACTGGACAACATCAACTTCACCACAGGCCTCATATTTGCACAGAACCATGGCGAGCTGTCTGCGGAGAACG
VEQADEKLDNTINTFTTGLTIFAQNTIHGETLSAERN.YV
TGGTGCAGTGCGTGCTGGAGATGGTGATCGCEGCECCCEACACTCTGTCCGTCAGCCTCTTCTTCATECTGCTGCTGCTCAAGCAGAATC
VQCYLEKVYIAAPDTLSVSLTFTFMNLLLTLTEKGNSTP
CAGATGTGGAGCTGCAGCTGCTGCGAGAGATTGACACTGTAGTAGGTGAGAGGCAGCTGCAGAACGGTGACCTGCAGAAGCTGCAGGTGC
DVELQLLPRETIDTVVYGERGLG GNGDLGKLG VL
TGGAGAGCTTCATCAACGAGTGTCTGCGCTTCCACCCTGTIGGTGGACTTCAGCATGCGCCGGGCCCTETOCGATGACATCATAGATGGCT
ESFINECLRTFHEPVYVYVDFSHMHRRALSDDITDGY
ACAGGGTACCARAGGGCACANACATCATCCTCAACACGGGCCGCATGCACCGCACAGAGTTCTTCTCCAAGCCTAATGANTTCOGOCTGG
RVPEKGTNTIILNTGREMNHERTETFTFCTEKPNETFTETLD

ACAACTTTGAGAAAACCGCTCCTCGACGTTACTTCCAGCCATTCGGTTCAGGCCCCOGCTCCTGCETTGGCAAACACATCGCCATGGCEA
NFEKTAPERRYTFQPTFGSGPRSCY G KX

TGATGAAATCCATCCTGGTGACATTGCTCTCCCAGTACTCTGTGTGCCCCCATGAGGGTCTGACCCTGGACTGCCTCCCACAGACCAACA
M XS T LYTLLSQYSYVYCPHET GLTULDCLPQTNN
ACCTGTCCCAGCAGCCTGTGGAGCATCAGCAGGAGGCCCCACATCTCAACATGAGATTCTTACCCAGACAGAGAGGAAGCTGGCAAACAC
L $QQPVYEHWNQQEAPHLNMKRTFLPTPROQRGSV¥QTL
TC}'(GAGACTCCGACCTTTAGCTCTCCCTGCACATTTACACATATACGGTACATACATATGATCCACACTGCTTCATATATGTTATTTTAT

CTCATGACTGTACAAAGCTAACTTTTATAATTTAATGTGTGTTAAACTTGTATTGCTACTGGACCTAATATGCATAATGTGAAACGTTTA
GATTAATACTGGATTAAATGTAAATTATTGTGCCAATATTATATATTGTTGTCTAATTITTICTACATTCGGTACAARATCACATGTAAAT
AACTGGTGCACTTTCCAAGTAGGAAACTGACTGTTTTTCATTTTTAATTCCTTCTTCATTTTAGACACGTITATATTTTAATTGCTTTTT
TGTAGTTTTAGCTCAGTTTTTTGTTTGAAAGT TTCTTTACATAAATAAAGTGTATTTTCATCATCGAAAAAAAAAAAAAAAAAAAAA

AUV ALUALON 1N
E T L 1

T

AGCATCAGCCA

IS RoA S A
ATTACACGTCACGTTTTGGGAGCAAGCAGGGACTGAGCTGCATCGGCATGTATGAGAGAGGCATCATCTTCAACAALAATGTGTCTCTCT
YT SRTF G6GSKGCLSTCTEGEHY 61 1 F N STL W

L7z FOFREDVF A ZWIET TF NV —F )V T 3 A
L 7-f%, EZEH2% L | Enzyme Immunoassay Kit
(Cayman Chemicalft#) 2 W T A M F T4 — -
ITbEB L UF A AT EINE L,

3-3 # 2

3-3-1 ESADFTORY —HcDNADEE]

I ADIRE cDNAT A 75 ) —% FVT100/ 18
DI7A—YPOLAZ )=y T x{To/z 5, 2
BORY T4 77u—rhiFohi, Rhhoro
— VY DEEIL1672bp T, 444bp DIEFNRMEIRE & A
TWiz, MofEEO 7~y —+ DNADLEFHE
WO SIZ1500bpTH L7720, o7 u—rideH
BRI A ZATVWEWEEZ L, 2T, 5-
RACEIZX ) D7 1 — D 5- KO cDNAKTH
RHEEL /. 5475 —2s0—2 k5 RACEZ 1O

T GATCGGATCCCTGCCTGT 90
180
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Fig. 4 Nucleotide and deduced amino acid sequences of Japanese flounder ovarian P450arom cDNA. The portion
of the cDNA fragment(426bp) determined by 5'-RACE is underlined. The polyadenylation signal is double

underlined.



— Y EDEL o7 Blbp) R —FH LTz Z BAtA T AT L 72 M OBASA T F L, Kozak
L6, 5~ RACEZ O — v it?}@?nvy—vﬁ‘o) (1986) 12 & » TIREESN/EH] & REE LY 2 A L

5- KR THLEEZ LN, ZD220 7 10— TWiZehb, 9207y —PIIBIFAR
e LR3I, &FIERE554bp HEET I/ z&f; YORIBI F 3R, TH S, IFFREEOE &
: 5185*1‘:;’%) & {2067bpTdHh o 72 (Figd)e L L% 13444bpT, KV (A) *FH ., Polyadenylation signal

B -, o - N
WH. BAOET N (ATG) D30bp Fitic, o (AATAAA) 1) (A) DERFMDAD S 18bp LR TH

¢

£lounder H~DRIPA-CDLANTPVELAAALGD-LVBTSPRATAVRYPGISVABRTLILLYCVLLVAW~-SHIDRRTVPCPRPFCLOLGPLLEYVRFIWTG 86

tilapia H~DLIBA~-CROANNEVEL ~—~DA~VVARBLCDLECHEPIDOISHATRTLILLVCLLLVAW~SHIDKR IVPGPSFCLGLGPLLBYLRFIWIG 83

madaka H~DLIPA-CDRTHESSCL -~~~ ~AB-LVE LAPNTIVOLPSG I PHATRBLILLVGLLLNVE - SHEERKTIPGPESFCLGLGPLHSYLRFIWTG 82

catfish MAARVFPHCERTRKPVEFBETVHRILLREARRGTDPRYENPRGITLLLLLCLVLLL TVWNRUERKCS IPGPRFCLGLGPLEAYCRFIWHG 90

troant H-DLLBPVCORVEAVVCLUTVIADLLYBESRRATATRSEGISLATGBLLLLLCLLLAAW-RETDNNSVPCPEFCLOVGPLLSYLRFIWEG 68

ohicken MIPETLNPLENYF~TSLVPDLMPVATVPIIILICFLFLIVN-HEETSBIPGPGYCHGIGPLISHGRYLWHG 68

bovine HMLLRVLRPRHYRVTSKVSRVVPIASIALLLLTGFLLLVWN-YEDTES I PGPS YFLGIGPLISHCRFLWNG 69

»nouse ~HFLEMLRPEOYRVTINVPRIVIVSARPLLLINGLLLLIWR-CRSB888IPCPGYCLEIGPLISAGRFLWHG 69

rat ~HFLENLRPHEYRVIINVPETVPVSAMPLLUIRGLLLLIRE-CES 888 PGPGYCLCIGPLISHERFLUNHG 69

human MYLENLNPIHYRITS IVPEAMPAATHPVLLLTGLY LLVWR-YEGTSSIPGPGYCHGIGPLISHGRFLWMG 69

HhA & AHE W R F Kk
£lounder IGTACRYYRRRYGDIVRVNIDGEETLILSRABAI YHVIKNGEY TBRFOSKQGLECIGMYBRGIIPRENVESLWRRIRTHFTRALTGPGLOK 176
tilapia IGTASNY YRR YGDIVRVHIRGERTLILSRESAVHAVELKHGNY TSRRGS IQGLS YL.CHNERAT I FNNHVTLHWRR IRTYFARALTGPRLOQ 173
medaka IQTASHY YNNKYGDI YRYWIRGRETLILSRASAVHEY LR NRKYTSRIGEKQGLECICGHNERGI I PNNRVALWRK IRTY FIRALTGPNINO 172
catfish ICTASRYYREKYGDHVRVHISGERTLVLSRPBAVYEVLEABQYTSRFGERLGLOCIGHHENGIIFHENVILWRKVRTYFARALTGPEGLOR 180
trout IOTABRY YRBRYGDIVRVWIRGERTFILS S8 AVHHVLROGRYTSRIGBKQGLSCIGHDERGIIFRSHHALWKRKTRTY FARALTOPGIOK 178
chicken VORACKY YHRRTYGREFVRVHISGHERTFIISKASSVFHVHRHWNY VERPGAKLELOQUIGHYENGI IFRNNPARWRE IRPPFTRALSGPGLYR 158
bovine IGBACHYYNKHYGRFHRVWVCGERTFITBKSSSHFHVHKHSHY I SRFGSKLOLOF YGHAERGI IFNNNPALWKAVRPFFTRALSGPOLVR 159
nouse IGBACRY YHRMYGERFMRVWIBGERTLIIAKSS8MFEVMRESAY ISRFGABKRGLOCIGHEERGI IFRNNPHLWRTIRPFFEKALTGPGLVR 159
rat JOSACRY Y HEMNYCRIHRVWISGERTLI IBRESBHVAVHKHSNY ISRFOBRRGLOCIGHHE NG I IFPNRNPALWRTVRPYFNRALTOGPELIR 199
human IGSACRYYRRVYGRYMRVWISGRETLIISRE88SMPHIMRHRAYEBRFGOKLGLOCICHHRKG I TPRRNPRLWK TIRPF MIRALIGPGLYR 159
W O BREe LT * & L1283 #* * L 4 ® AREHA e k% B RABARE & L3 * * n AR &
£flounder TVBVCVESTQTRLDDLDGL ~ e GHVDVLS LLRC TV YD ISNRLELDVP INEKELLVK YLK YFDTHQTVLIKPDI Y FRPDWIHQORHEAAY 261
tilapia TVDVCVEBIQAHLDHLDSL e memm GHYDVLALLRCTVLD IS NRLFLEVP LHERB LN LK IQKYFRATHWODVLIEPDIVFPRFRUIHERHRKTAT 258
madaka TVBVCVTBTOTHLDRLSBL e ww- SYVDVLGFLRGTVVDIS NRLFLOGVPVDRERLLOK THR YFDTWQTVLIRPDIYFKFBWIRQRARKTAR 257
catfish TLEICTHSTNTHRLDGLERLTPAQ~-GEVDVLELLRCIVVDI S NRLFLDVPLNRORLLFR IERYFETRQTVLIKPDRY FRIKWLHDKHRNAA 269
trout TYDVCYS8TOTHLDAT QOGP DELEGGOVDVLSLLRCTVVD I S ¥R P LGVPLREKELLOK IQRYFDTHOTVLIKPDVY FRLDWIHEKBRTPA 268
chichen HIAICVESTIVHLDRLEREVITRV-GRVRVEHLMRRINLDTBRRLY LGVPLDESAIVIKIONYPDAWQALLLRPDIFFRISWLSKRYRRAA 247
bovine HVIICADS ITKELDRLEEVOKDL -G YVDVLITLMRRINLD TS RMLFLGIPLDESATVVRIQGYFDAVOALLLRPDIPFRISHLCRKYEESY 248
mouse MVBRVCYVESIRQELDRLGRVI DTS ~GYVDVLILMREI ML DTS BMLFLO I PLDESATVRR IOGY FNAWQALLIKPNIFFRISWLYRKYBRBY 248
rat HVBVCVESIRQBLORLGOVTDNS~GYVDVVILHRHEINLUTS NILFLGIPLDRBSIVRKIQGYFNAWORLLIRPNIFFRISWLYRRYERBY 248
human HVTVCAERSLRTHLDRLREVTRES-GYVDVLTLLRRVMLDTSNTLFLRIPLDESAIVVE IQGYFDAWQALLIKPDIFFKISWLYKKYERSV 248
* * L4 3 N 3 ® H# ®” # RR TRY @ L4 * frd £.2.1 * Ah .4 *
1
flounder QELBDAIGDLVEQKRRDVEQADRL-DRIRFTTGLIFAQHREGRLSARRVVQCVLEKVIAAPDTLEVELEFBLLLLEQRPDVELQLLREIDTY 350
tilapia OELODATKRLVDORRKHHEQADKL-DHIRF TARL IFAQRHGELSARRVTQUVLEMNVIAAPDTLSLSLFFHLLLLEQNPHVEPQLLOQRIDA 347
medaka QELODAIESLVERERKEMEQARRL~DRINFTARLIFAQGROBLSAENYROCVLERY IAAPDTLS IBLFFULLLLRQRPHVBLQLLQEIDT 346
catfish QELADAIRDLIEQKRTELOOARKL-DHLRFTERLI PAQSHGELTARRVROCVLENVIARPDTLE IS VEFFMLLLLRORABVERRILTRINT 358
trout QELED}\LESLVDQERRGLQKADKL—DHIBFTADLIPAOBEGBLBAEWRQCVLRHVIMPUI‘LSISi.FPHLLLLKQHPDVELQLLEBIUT 357
cohicken EDLKGANBILIRQRRORLSTVERLDEEMDFASQLIFAQERGDLTAERVREQCVLEBH IAAPDTLSVILF IMLILYADDPIVEERMMREIET 337
bovine RDLRDAHRILIARRRERISTABRLEDSIDPATELIFARKRGELTRERVRQCILENLIARPDIHBVSVFFMLFLIARHPQVEEATIRBIQT 338
mouse KDLEDE IAVLVERKRARVSTABRLEDCHDFATDLI PAERRGDLIRENVEQCILENLIARPDTHBVILY FULLLVABYPEVRAAILREIET 338
rat KDLRDEIRILVEKRRQKVESAEKLEDUHDFATDLIFABRRGDLTKENVRQCILEMLIARPDTHBVTLY VILLLXARY PRVETAILRREINT 338
human KDLKDAIBVLIABKRRRISTEEKLEECKDFA‘I’BLILAERRGDLTRBWKQCILEHLIMPD'I‘HBVSLFFHLELIAKBPMBAIIKBIQT 33s
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f£lounder VYGEROLONGDLOKLOVLESFINECLRFEPVVDF SMRRALS DD I DG YRVPRGTINI ILNTGRMERTEFFCRPNEFRLDNFEKTAPR-RYF 430
tilapia VVGERQOLOKODLHKLQVHREFIYECLE PHPVVDETHRRALSDDI IRGYRISKGTHIILNTGRUBRTEFELKGRDPRLBHFRENVRRPPTE 437
nedaka IVEDSQLORODIOKLOYLRSF INERCLRFHPVVDFTHRRALFDDI IDGHRVOEGTRI ILNTGRHERTBFFUKAREFBLENFORNTPR-RYF 435
catfish VLGDTELOHSHLSQOLHVLECK IRRALRFAPVVDPS YRRALDDDVIEGFRVEPRGTRI I LNVGRHARBEFY PEPADFSLDNFRKPVP-SRYF 447
txrout AILGDREBLHNSDLONLRVLESPINESLRFAEPVVDETHRRALSDDVISGYRVPRGTNI ILRMGRHARSEFFLEPREFSLDHFERNIP-HRFE 446
chicken VHGHREVQSDDMPHLKIVENFIYRSHRYQPVVDLIMRRALODDVIDGY PVRKGTRIILNIGRHRERLEFFPRPREFSLERFEKNVP~-BREY 426
bovine VVGERDIRYDDHORLEVVERFINEBSMRYQPVVDLVNRRKALEDDVIDGYPVKRGTRI ILNLGREHRLEPFPEPRRFTLENFARNVP-YRY 427
ROuse VVEDRDIRIEDIQNLRVVERF INERSHRYQPVVDLVMRRALEDDVIDGY PUVRKG NI ILNIGREHRLEY FPRPREFTLERFERNVP-YRYF 427
rat YVGDRDIRIGDVQBLKVVERF IRESLRYQPYVDLVERRALEDDVIDGY PVRRGINIILNIGAMBRLEYFPKPNEFILENFERRVP-YRYF 427
human VIGRRDIKIDDIQRLKVHEENFIYREMRYQPVVDLVHERKALERDDVIDGY PVEKGTRIILNIGRMARLEFFPRPREFTLENFARKNVP -YRYF 427
* f " Ad N L1 2. A R AN R W RARRRES ARER * * L *® ® 13
Vv
flounder QPFGSGPRECVGKHIAMANME BILVILLSOYSVCPHEGLTLECLPQTRRLEQOPVERQQ~~BAPHLVBERFLPRQREBHQ T e —ia 518
tilapia QPFGSGPRACIGKHMANVMEKE ILVTLL.SQYSVCTERGPILDCLPQTRHLEQOPVEHQQA-ETEHLERRFLPROGS SCQTLRDP NI, 522
medaka QPFESGPRACVERNIAMVMERBILVTLLSQYSVCPHRGLALDC LPQTRIELSQOPVERHQ - ~EADHLSMTY LPRORGIWRS - PBP-F 517
catfish QPFGSGPRBCVGRHIAHVKHKAVLLHVLBRFSVCPBKBC’I’VBHIAE’I’NDLSQQMDRR‘PLSVB_FIPRWEHTRNRKA ————————— 524
trout QPPGEGPRSCVOKHIAMVEMES ILVTILLSRYSVCPREGLTLOCLPQTHRLESQOPVEREG ~~ B~ PHT- MR FLPTROARKQH « e e e 522
chicken QPPGFGPRECVARFIAMVHRRAILYILLRRCRVOTHEGRGLER IOKRRDLSMAPIERQPLLEMVITOB AQTRIRVIR VDR~ mom 507
bovine QPFGFGPRGCAGKYIANVENRVVLVTILLRRFAVOTLOGRCVERMOKKNDLSLHPDETRDRLEH I FLPRES DK C LB R e e e e e 503
mounEe QPFEFGPRGCAGKY IAMVMMEVVLVTILLRRIQUKTLORKRCIBNI PREKRDLSLHPREDRALVELIFSPRESDE Y LN = e rers e e s 503
rat QPFOFGPRBCAGKY. IM!VHHKVVLVTLLKRPM’!‘LQKRCIBNMPK&NDLSLBLDEDSPIVBIIFRHI!M!’LQCLYIBLu-——- 508
human QPFGFGPRGCAGK!IAMVBKKAILWLLRRFMTDQGQCVKBIQ!CIHDLBLBPDE‘I'KM[LEHIFI‘PRNS DRCLEH — oo o e v s 503
hhd Adh & & ol Ahw ] L3 ®

Fig. 5 Alignment of the amino acid sequence of Japanese flounder P450arom with tilapia, medaka, catfish, rainbow
trout, chicken, mouse, rat and human. Asterisks indicate identical amino acid residues. Roman numerals
indicate the membrane-spanning region ( I ), helix region( 1), Ozols peptide region(Il), aromatic region(IV)
and heme-binding region(V').
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Fig. 6 Tissue-specific expression of P450arom transcript
in adult Japasese flounder. EF-1a serves as an
internal control for loading difference. RT-PCR
amplified fragments specific for P450arom and
EF-1 a are predicted to be 344bp and 577bp,
respectively. PCR products were fractionated on
2% agarose gel and confirmed by Southern blotting
with the labeled P450arom or EF-1 @ cDNA.
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Fig. 7 Differential expression of P450arom transcripts in
female and male gonads during sex differentiation.
(A) P450arom transcript levels in total RNA isolated
from ten pooled gonads from either the female or
male group were examined by RT-PCR at 50, 60,
80 or 100 days after hatching. RT-PCR is as in Fig.
6. (B) Relative amounts of P450arom mRNA in
female (B) And male ([]) gonads were normalized
to EF-1 & Vertical bars indicate the mean= standard
error of the five replicates. Double asterisks indicate
significant difference from value of male group
(Student's t-test, P<0.01).
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Fig. 8 Whole body concentrations of estradiol-17 8 (A) and
testosterone (B) in the female () and male (1)
groups during development. Sex steroid hormones
extracted from five to twenty pooled larvae juveniles
on 20,40,60,80 or 100 days after hatching were
measured by enzyme immunoassay. Vertical bars
indicate the means =+ standard error of the five
replicates. Asterisk indicates significant difference
from value of male group (Student's t-test, P<0.05).
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ig. 8. Masculinization efficiency by treatment of the genetically
female larvae with 1 wg/g diet (1,n=20), 10 L g/g
diet (10,n=24), 100 & g/g diet (100,n=20) fadrozole
(A, 17 o -Methyltestosterone (MT,n=20), or a com-
bination of fadrozole and estradiol-17 8 (AI+E2, n=20)
from days 30-100 after hatching. C: no treatment
(n=48). Phenotypic sex was determined at 10 months
of age by the following criteria: morphology, histology
of the gonad, and capacity of sperm ejaculation.



Fig. 10 Cross sections of the flounder gonads at 10 months age produced by the following treatments from 30 to
100 days after hatching. A: no treatment (ovary); B: aromatase inhibitor (Al) +estradiol-17 8 (Ovary); C: Al
(testis); D: 17 a -Methitestosterone (testis). Scale bars = 100u M
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Fig. 11 Masculinization efficiency by treatment of the
genetically female larvae with fadrozole(100 u G/g
diet, Al, dotted column) or high water temperature
(27°C, T, closed column) during days 30-100 (Al,
n=24; T, n=31), 30-60 (Al, n=20; T, n=21), 45-75
(Al, n=20; T, n=41), 60-90 (Al, n=34; T, n=38), or
75-105 (Al, n=20; T, n=41), 60-90 (Al, n=34; T, n=38),
or 75-105 (A, n=34; T, n=48) after hatching. Phenotypic
sex was determined at 10 months of age by the
following criteria: morphology, histology of the
gonad, and capacity of sperm ejaculation.
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Fig. 12. Expression of P450arom mRNA in the gonad of
genetically female juveniles which were treated
without (control) or with 100 u g/g diet of fadrozole
(Al), 10 g/g diet of 17 a -Methylitestosterone (MT),
or a combination of 100 wg/g diet of fadrozole
and 1 u g/g diet of estradiol-17 8 (AlI+E2) from 30
o 100 days after hatching. To compare the amount
of P450arom mRNA quantitatively among total RNA
samples extracted from the gonads of individuals
immediately after treatment, EF-1 o served as an
intermal control. Fragments specific to P450arom
and EF-1a cDNAs amplified by RT-PCR are predicted
to be 344bp and 577bp in length, respectively. The
products were electrophoresed on a 2% agarose
gel. Relative quantities were determined by southern
blotting with labeled P450arom or EF-1a c¢DNA
(Normalization control).
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Table.1 Percentages of flounders with juvenile gonads in which P450arom mRNA was detected and which were
identified as females by histological observation of gonads at 9 montha sge

Number Percentage of fishes with juvenile  Number

Percentage of fishes which were identified

Group gonads in which P450arom d 2 as {emales by histological observation
of fishes mRNA was detected (%) of fishes of the gonads at 9 months of age (%)
A 50 30.0 B4 37 17 316
B 60 48.0 128 70 68 45.8
C 50 88.0 182 78 b4 40.9
D 50 46.0 126 69 b7 45.2
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Studies on the selection breeding of Japanese pearl oyster (Pinctada fucata martensii)
with high temperature water.
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Effect of the low salinity rearing on the abnormal Japanese pearl oyster
(Pinctada fucata martensii) accompanying red-brown adductor muscles
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in Kumamoto

Ryuusei Mastuo, Sueyoshi Kiyota

F—TJ—F 72, HBIKE

19994F 6 A, 20004F 5 A ICERE)AGR)N D) TH
HKIFDFEENRD LI, WHNICBIT A7 2 E5E0EE
CHEERIT L,

TAEKFIE, 7T LABEEBERTH S Flavo-
bacterium psychrophilum \ZHER L, MO &I
VAL, BEER T3 o tilnd 5 v IiiEs
T ERERE T 5 HMANBEREY TH D,

R L BERIFOFRLER, ESEOEBRME
SO T LR ETHESETNE LI ATH
D, BERIRICB T KB DOFEAER, 19955053

HETT LB CHRINLTHEY-0, LiL,
REARIBIC BT 2 REKIETORAERT Z N T TR R
<, SO TN T L& BERET L7256 L,
ZIT, AMETESEKBEHRICOL MR %
Ry o, REOKIBIZBITA T2, EOMEER
FEDGIRIRFSERN A IR T 2 BB CTHREE1To 720

307 i

RIS
’v. 8 B

HH S A
n
pi

N

24y

0 10km

E1 HBIKRICHT5HEAR

MHELUHE
1. BEAN
BAEZAN (A~FJD iICBWT, 19994E 6 A ~
1181265 (A-B-C-D-E-FJII) T, 20004 6 § ~
11RI5MI (A-B-C-E-FJII) TR, &, #l
LECHEL-T2, 200z Hv TRER
FEIT o072, F72. 20004E 5 A ~ 6 BIZEREE)IIK %
WCBWTERENINE, Al Goig). NEil GL).
EHEA, TEY LD IFOES (M1) %8
. RERE LT o7, T2 EREIDKRNBI O
MHRIZ BV>T20004 5 A ~20014E 3 HICEER 1 @7
I, FA AT EHELRERELYT) & & DICEEE
RO ERY %47 o 72,
2. MERE
BSRETH O W ARER» b AT
FEARERAICH L, BBk, m,
. IR, SWEY A 77— AEREH (B
HE10%EM) 2BWT, 5T, 4ABTHARED
TEERATV, AT 4 NS, PCREY THORE
’i’f”—,rof:o
ERbLUER

1. BIKEORERR

199941, EREEJNARNBNITHBMOESE, 50O
RIBEEZRT 7056 B~ 9 BICHER S . 20004F
WKBWTH, ERENKRINBNTSHA~9 A, AJll
XM TIOR KRR ERERT 72l TD LN
(1), BEFERIE, JIENTRIEADHET, ML
HOMBTORAOHMBEIFER SN, ANTHETIE
WRDHTHFROONT, THSDIEHEEMAEL
LZABEPLWABREIBHE SN2 Eho, &



TKIR &I S iz SRR AERF DKL, 19994F
1315~16°C, 20004E1217.0~20CDFEHEIZH Y, &
IKIRDFERBI DB 5 KIR12~21 CHIEY TOFE
PERAIBVWTHE RO LN,

K1 ANCEITDHKKICEBFERDFRERR
R4 Rk e BeHERRIR ()

BENARNZM 1999 6H4H 15~18

6A 178 15~16

9A9H A

200045 H 22 B 17.5

6H 158 17.0

9A5H 20

A NFKFR ST 10A8H B

2. FEANICHIFZBRERR
BREERNOGKFORBEIKINEER2 - 3I1TR
L72o 19994E43 6 371 538711, 20004F & 5 7)1} H
2WIMNTHRE 7 L8RS L, ENKRTIE21.7~
333% L EBVIREEEZIR L7,

F2 M1999FEXEANICEIT B 7 1ORERR
[EHIE BEH  RAEH RERK KREE%)
Al 99-11-01 6 5 ¥
Bl 99-11-17 4 1 25.0
c 99-07-08 ! 1 *
DJIl 99-11-30 5 0 0
EJIl 99-11-12 23 5 21.7
FJil 99-11-30 22 3 13.6

XA CHNE, fEABH O HRFERITTH,

&3 2000FEEANICHEIT 7 LORERR

HNZ  HMER BN PHEEE RERE RER%)
Al 00-06-15 30 74.1 1 3.3
B 00-06-20 60 14.2 0 0
chl 00-11-06 35 58.7 0 0
EN 00-06-16 51 29.5 17 33.3
F 00-07-27 51 85. 1 0 0

3. HENKRICBITAEREIRR

20004E 5 ~ 6 HIZFRAE L 72EREAKRICBITAT
IORBERREEK 4R LT, Bl TH 5 ERE)|
BTHRTIES22% EERTHRELTBY ., AT

&4 KEIDKRICEIT 57 1OREFKR

W% WED  BAK THhRLE REEH RE%C)
ETA 2 2.3 12 52,2
vl 12 2.3 3 2.0
ey [ 000616 4.4 ! 14.3
wEs 9 30.8 1 11
HES L 00-05-10 20 2.7 4 2.0

— 44—

BREE25.0%., JIBINZ14.3%, FEHF TI11.1% T
Hotz, MEMERDOHESY L TiE, 200%DORE
PO LNz, DX I IEKENKRRICBWTIE,
ETORMEELTHREAIFED L, KReEKIE
KIFHEDPIHL TV AZ RSN E R o7,
I, NBINCBT 5720 B RIORE RN % &
51278 L7z 20004 5 A THA» 510 HH $ TOMK
K 533~444% OFEFETHABE AR e,
IREERT A B 7 L REIRE TRk L CIRE 7 2O R A
PHERR S N7zo 1TALUBEOFHEIIOVTIE, 7
HREBINARNRTTAI LSS N o7,

£5 NBANFEICEITH7 2IORERR

WEE  RAH FHRER) REBH RER%)
00-05-22 9 31.3 4 44.4
00-06-16 7 34.4 1 14.3
00-07-19 9 110.1 2 22.2
00-08-11 9 63.6 2 22.2
00-09-25 30 123.4 1 3.3
00-10-17 43 133.6 3 6.9

4. 7ALSNOEETORERR
BKENACROEBRATHE L N7 LSO AFE
DRBERILZ K 6 1R L7z, WS 7z 4 BHi0fdE
DN, FAHT. 774 TREPHER S, R
BINZBIT B A4 A 713, BRTEHEARBR DL &

a5
N TR O, B30 KBS OSHBHERA
FE R a AR

&6 IKEIDKRICHEITZ T 2ALUNOEEOREIRE

B HEH BE B4 RHBRY RER%)
4 0
I
InE"
THE
by
AR %
7
o
9 4
357"
1h7
9974
HIAY
Y
2449
pZAK]
59

BEA  00-06-16 9%

KNI D B RO BRAEIHE L 7,

[N @)

EREEJIIE  00-06-16

ZiCH 00-06-16

OIC OV OO O OO OCOO

00-05-22
00-06-15
00-07-19

Jia 15/18%

p iV
[oNell=ENelloNoRelloNoNoNeoReNeNoNo)

- ot B OO NN DN NN =N

K, MBNHEEC BT AF A B 7 ORNORE
RN ZETIR L7z, 20004E 6 B~ 7 BICREAD
BN, 6 Hid429% L OB VREEERL,
Fefa NS L OWITHEIEREH L O EID 2/ T
5o ZDH. Bl o LT TREA R UEA



BRERE SN o dz, LA L. 20014E 2 A4 5
3 A I T, RERICTREDSR T 7213446
PREIEREZIRT A A 7 TILARLBIRANTED 5N
720 2 RII32EHSEMA 2 B0 S ARR Sl S h
REFIT 63 B TH o7z, T/, 3 HIE 31EDHIE
BH1E» OB SNBERFEIII2Z%TH - 72, BRE
MKFBANDORBG L7 20 LT R ALY 7
IOWGIE, SAEEAPLET > TwBEI Ehb,
2HOBBTT M54 4 7T ~ORKRGO T el 13
B, A ATHET T HROGEREE ORI
D—=DELTEZLN, ZOZ &, T4 H 7%
DWINEET 5 BTEN, 3B sShs 72
NOEGFEDO—D & R AW HEMEREL TWb, &
Bk, TN OBIEE BT = (R LT 2,
NLEE T 1252 E5T) BoOBEOTREEERET L.
ERGEE 2 FEAT A LB D B,

®T JNBANERICE T BF 1 HTORERR
ABE RN THAEE RUBK FER%)
00-05-22 6 12.6 0 0
00-06-15 35 14.5 15/16% =242.9
00-07-31 24 15.9 2 8.3
00-10-16 20 10.7 0 0
00-11-22 32 9.6 0 0
00-12-25 30 1.1 0 0
01-01-19 30 7.6 0 0
01-02-22 32 8.3 2 6.3
01-03-15 31 11 ] 3.2

‘.1
XABHERD B 5 REDHBRAI L1z,

5. BIKRDFELKER

WIKIFIC L BICARDFEEDS WD) &, 7
HATFER SN DA DO FLEN D s o 72 KD
AT & EFRE (BRIB)IIED 58 4 km L3E) DKiE %
L7,

NEBNHEEIC BT 5 1 RO KERIZ, 20004F 4
F14H~8 A28H T11.4~23.6 CO#MBPTHE (¥
2) L, FH179CTHo 2o —H. JNBJNEFHE
DAL (RHEA) & NB)NANE & oxiRE (K3)
iE, —20C~+64COHEHMPICH ), JIIBLNAFY
20CHED o720 7, NNBNERBORK GBiE
%) LokiizE (K4) 13—1.8C~+59CHFEHIC
HY . NEBNBFE26 TR 2720 TDT EDb,
20004FE D NN O KR, FIBH 5 BRI
TERENAROKRICIS, RREDICHERE L TH
0. FICEMOKEBEENRRKECZEPHEL»E %5
7oo BWKIEIE, 18CHIEDILEFR AL VO L A
B, NBINEBEREC & » TEHER G KEBELSE 27T
KIBTHAHIEDWEZ LN, BENLNERO—D
THbHI LRI,

1)

2)

3)

1)

5)

6)

7)

8)

2 ¥

REARETOEE6TMIONE, 57 TEKFED
REVRO SN, 2 THARKIC L AFEHD
T AR bz,
NEAINTIE, ERRZERT 25 7 L T IE AT £ THE
BLCTHRET 2OFEEIHERS NI,
T LEN S ARKIRIC & B A A H I TFER
ST Lo, FAH TP T L CREM
E7a. AITHEET L) ~OKEREO—D &%
AHUREMEDRIE E NSz,

X ik

EINBL - EHZER - REELE - il
KRBT BIT 5T LEKBOFEIZONWT, BEAR
KEBEFEHLIE, 5495, 47-55 (2000).

i
J:1=}

SRS — © AR AR SR aRBR. SR 7 R
KIBIKENF L v ¥ —HEREE, 221-222
(1995).

JREYE— - FHEIF—EL - R - BATE= AR -

MR @ PUKTI S SEBR. SPAk 8 4EFEfE
REREN L >~ & —FEHRESE, 219-222
(1996).

YR - SRFE - A - SRR - R
BN T PURTSIRERE SR 1. ik 9 £
REARIRKERI R v & —FERED, 201-204
(1997).

FERRR - 5 T - TSR L MUK AERE
HAHER L. FRIOFEREARIEKEMN e v & —
FEMREDL, 199-201 (1998).

ML - WL - B - SRR -
WEBIE A @ PURTH SRRt e 1. PRkt
G REREARIBOKENIZE & » & — HEREE, 171
172 (1999).

S. Izumi and H. Wakabayasi : Use of PCR Detect
Cytophaga psychrophila from Apparently Healthy
Juvenile Ayu and Coho Salmon Eggs. Fish Pathol.,
32 (3), 169-173 (1997).

T LGRS S - KRBT T LSRR
BARERH. 72T Ao, 2(9), 54-60 (2000).



WWN o

i

30

25

20

15

o
%

10

5

0

05/14/00 06/13/00  07/13/00 08/12/00
00:36:12.0 00:36:12.0 00:36:12.0 00:36:12.0 00:36:12.0

04/14/00

=E0)
NEDN BRI & B 7KE

31 2

NOW Y ONT O oo
L .

(2.) FE

05/11/00  06/08/00  07/05/00  08/02/00

04/14/00

00:36:12.0 12:36:12.0 00:36:12.0 12:36:12.0 00:36:12.0

=50)
3 FENCHEOKEE

MO W ST ON~-O

(2) FEX

123

06/08/00  07/05/00  08/02/00

05/11/00

04/14/00
00:36:12.0 12:36:12.0 00:36:12.0 12:36:12.0 00:36:12.0

Hft
EIFE SO KERE

x4



S5 IR RS BT 5 7 5 ) EN A O
ATIRIENZ DN T

FEPBERL - SRR - BITTEA

Studies on the distribution of larval of Ruditapes philippinarum
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The stocking efficiency for Red sea bream (Pagrus major)
off the coast of Kumamoto prefecture

Kazuhiro Nakao, Izumi Hrayama, Yasunari Jinnai,
Hirokazu Yamashita, Norihisa Tobase
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Studies on Cochlodinium polykrikoides (Dinophyceae) causing red tide
in Yatushiro sea in July 2000

Naoaki Yoshimura, Hidenori Andoh, Takeshi Kimura and Nagahisa Oyama
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Detection of penaeid rod-shaped DNA Virus (PRDV) of wild caught Kuruma prawn
(Marsupenaeus japonicus) in Ariake sea with polymerase chain reaction (PCR).

Takeshi Kimura, Takahiro Miyazaki
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