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MRfEIRAEORIMEZ DORE

TR SLERBREEIEEIC LV Z <O AFEISHERO BEHEIZHEL TV 5, 2004 4E(Z International
Union for Conservation of Nature and Natural Resources (TUCN) 2AFEFLZL-vRURMIIL, #E
OG5 ETE (CR: critical YTHEIRAE, EN: endangered #EJRfE1EFE, VL: vulnerable f&a
i) L LT 800 DAFENZIT LTS (371; TUCN, 2004) , HASTIL, BREEE Y 2003 EIZFIFT
LIz y R 7 =27 97128\ T 76 FAfEZERIERATRICIEEL TV D, TOHITIE, Ivad T
= (Tanakia tanago: CR) . A+ (Hucho perryi: EN), 22077 (Boleophthalmus pectinirostris:
VU) 72E | H72ARHZET b0 BREA, 2003), KAEAEMO LA HER T 520100,
IO BREO BB FEREDORIENEERFEL > TN D,

EMDOBRIIZHEEEZRET 59X CROBZEDDEERFIEZL, T0EYMEOEBRE
DR L BT S ORERTHDHEE Z BTV D (Margules and Pressey, 2000) , 23, HEE 1A
REOREOTDIZ, Yo r7F a7 (AKX, REXED) 2 EL TWhafiEb b7y, Zh
I3, BASTOERBBEAEV T IET, UHAEL S DARRE TAEST AL DELD
BEICHDSI TG, LsLiih, ABEE T AEMOIEENT, (ZANY 2 F 27 VA OIES
ThHolzbLTh) DAY DA BRECERIC LT BEEY 52 TR, SERICIREL-
BEAEVN T LRSI R D, Fo, BOEH ZT TSI ARER A TTIEDIZRDIC
(I RITVRWEA PLEITRD,

BEORETRDIBE T EEOREFIELL TEDLITON TV A BT, ATEHEER
FONTER ThD, “hbid, Fb/e Ao —ia TR . Bk L TR+ 5 51k
T, BIKBEEERR ETIThILCE 2, L LEDNL, £ TORES A TBEFE CEH b T,
L LAFE 3 HRHEIZ > TU7RL \ﬁ@%&‘fxﬁ_b\o F- B RETENFHETH-7-ELTh,

ANLORLNIERE T T, R ERBEOERFIZIVBERFE T AL RIEREN

p—t



BT D, SHIT, ROV EEER CEEL BRI Z813, MNTOBRIHZERIELME/NSE.
FERANAGR DR A T FTREMEL S5, L7zhi> T, AEER D7 RRaRxHLEE TS

BT, JVEBICE R TFEIRORTFEITOFIENLELLRD,

REREICB T2EEFERRFOLENE

FETE D ORSNTEL NI LS THERS AV FEOUEDTHD, VDI ARHE
BB R SNBASIAIES , AEOAEELL COEEEEIURNICL L TEE-> TV,
AL, R P LELEAERSOME S KT5—F T, BLEIC LY REKEERITRD
IS D, ZOIIRBEARRERI- DI, BRICLDAEEEREATDIAI I
TET,

B E EINCRER T DI, TR R B L& RS T 2B R RFEOME
HAKETHD, TRET, ZOLRBEOIEH I, KRR DERUEF)HE B EHE 7R
L., ZEAREL TRELT D, Wb DB ERIC L > TITON TE T, L., SAEHE
Tl AR E R RS T OIS EARREAEARLL CGREFL2TNIZ R B\ e | SRR%
F. R B AR ARKTL S, Lo T, REAETIEVVE B 2B 2R ETIL, %
DIEFICIREEN S (85K, 1979; M, 1997, FH, 20000, 22T, REKICHIETS, 23
&*@@ﬂ%mt@ﬁ%%a B LT ML L CHTEIRAET 571k, BLOER

PRIFL T LR B R ICE R T DT EORBE N EEND,

RBZBIDEETFEIRRF B OZUR

BIE T ERORAAHITEL Theh — kAR T IEIX BT UILHE 1) OBRBERETHD, A
BITINEEM THVENFELEIT), O INEEFERETHIENTENL, e fEE
PR TLESTEL T ENLEMRERL TS 5720 TRISZBATHILN TR THD,

5T, JIRKEFRIREEZNTIRE TS0 BEOFET IR A=A A 724
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THELIET T, JREIZ, EARANRREDNARETHD, 2O LEEAMND, BB FOBE
R UL OFERRENTET,

HBFOEBRTFICOVTEL, Z<OARIZBWTEOREFEFENT TICRIISL TN
(Chao and Liao, 2001; Tiersch, 2001) . ZALE, FEFDIZLALE B THY, Il L@l &3 57
DO, EEZRE LU TOHE, NHBEELL TOIMa LRI T RZFUFEL THHD A
DBRREE THLD | ZDBRERENE SR TS, LIehi> T IREFTZETHNT
INZZRTDOHTHRAENEE) RELEBEEREBERICELTHILAFETHD, IH
W27 BERTEAL LTI W TREME B AT 8T RFLTEWZEFOEREFRD
HEFGOMBEEH T HZ LN ATERIZZ2 > T 5 (Scheerer et al., 1986; Scheerer et al., 1991;
Babiak et al., 2002), L2>L, b2 RUT 05/ ARINCE T A28 BEERAILL->TEDLR
T EEIX, BB B CHERE THEROBEELITE 2720, ZFRIMA ., IRDT ) L g
T 57200 y BIBEHZEVINa LRI T OF ) ABREESIVTLEI 20 | sEIRITHRD TRV -
VORI ® D,

— 5 BB OBEFMERFIZ OV T, TERZRITONHE STV 528 (Delgado et al.,
2005; Zhang et al., 2005) , BED LIS EST B2V, ZiuE, REOIIIH 7k
HRIZHEARIER IR EINW IR —RESN TN D, B MR 2 23RICEG T 5L, fifd
NOIKGFNREZIKOFESREIEY | MIBEC IR/ NS E ZBEEL TLEIT20 | AREE O
FIFFETLTLEY (K 1A), £ZT, ZHEBIS DI, EREREAID AVDLILTWD, — i)

I, EREAAEAITIRGIC. Dimethyl Sulfoxide (DMSO) < Glycelol 72X DG (R#ER & DR
W ZIRIEL . IO S FLERSREA LB T 22T, RERFERPBEINDD
EBHNTWD ([ 1B), LR F O I/ NS EMHEEZ RO MM Tk, HBRAYE 5 12K
TEIREFNRETD, LL, BRERENT CICAHEL 2> QO AIH LA X, 20
EAED 0.1~0.2mm T2/ (Kaidi et al., 2000) THHDIZH L, BEHRIADINT Imm itk (el

AFTERF-03mm, HK: P -9.5mm; T, 2004) L REWTZD | HFEREA DR T IR



B335, ZAUTINA T, BEOINT, SBRORBEIHA TR DICEATINEEEL<E
ATNDTe | TRAEIRER DEED — B ZI 2725 T 5 (Janik et al., 2000), 2O X572 FFEE
ZREA UL, IRERERE T HLURTO IR E M DWW TiT, B ITRIETE B FHE
HhdD, Linl, BRERFLICIFRSEUATOMIEE in vivo THERERYRINC LS B2
TG DEZARFEIILTUVRY,

L TIT, IREREF DIRFITINA CTEAEIR - RO BHE R DS TTREIZ R 2 CTRY, w7 ARy
TRBEINTFIEEZEEHWIEH T5RA072E310 T % (Liebo and Songsasen, 2002),
FIEIZRNTh, WILEDO FIEAELIE T RS E DR REPR AL TEY, eIk
AR TIIRIIB MR E X3 TV D (Zhang et al., 1989; Chen et al., 2005) , LU0 R
BORIX, b EERLMAFE T, BRELELL QWD LER>TIALDFIZRE W
Th. OB RFLRRIC, ROV A XEIE NI > TNBEE XIS, E, Miao
S S ORI Lo CHBRERICHTT BB MRV EENLTE, 51T, BB
BAED, {KEDRE T CAFETAZ0IZ, 0 FORH - TEAZHIET 281522 TWOAZER
BAERERIOBRE LT DIRE E LTI STV 5 (Hagedorn et al., 1997; Hagedorn et al.,
1998)

BRSO RIFFIEEL CGEEEE SN TWAERO—2E LT, IMIEOEERT
PETONBE, v T AOFHRAIEL. £EEEEL TR, Ii%E AT ~D 5L FTHE
ThD, REIZEVTH, VIR Z LS AT EES, B —flaicEsed5 Fl @ik
BERLILTCNDBTEND, EOAFEHIA~DOHLRENREII TS (Lin et al., 1992; Takeuchi
et al., 2001; Yamaha et al., 2001), EHIZ, W<-DDRAFEIZISUCHIHA I O EAE R AT 533
HEZHTCB (Calvi and Maisse, 1998; Calvi and Maisse, 1999; Striissman et al., 1999; Kusuda et
al., 2002; Kusuda et al,, 2004) , L/0L725305 BEEOMMIL L, 02 THEREMIAIZ ML TE
DO TR, TP EMIANE DREFIZHL TOBHITTE 720 (Yoshizaki et al., 20025 Raz,

2002), L7z23o T, BInFEIRRFONFELE 21256 . AFafla~D o {biez A LMo



FREBEFEA L ENDS, PR REEEEZ RO <y R TlE, 2B O HREZE MK
(Embryonic Stem Cell: ES #ia) Z 82425 EP ML T 5729 (Evans and Kaufman,
1981) . in vitro THELGEFERZEBIETOZENFRETH D, BEILRBNThH, AAIRLET 71
v 2% FV T ES MBROMEH A OIL CET=D | A FEHIR I /b FTREZS MIARRR IV 72450
H TV (Wakamatsu et al., 1994; Hong and Schartl, 1996a; Hong et al., 1996b)

VLB ISz, BRI, REOIN, 3t REOMaLr ZEMITRET2HMT E
STV, Lo T IE L GERT AN R T DNA 28 O R &R T EIRE %

FFTDZEMFRER FoTeKH LWV BIE FEIRRFEIFOBE N EEN TV D,

SRR AR TEAR R A U 7oA fa R

ARFIETIL, Fi 2B FERRFE T EZRFE T DA T, AR AFEN L (Primordial Germ
Cell: PGC) 278 B L7z, PGC 1ML T2 LARTOATEMIR O Z & T, TG M., # R
HEREZ AU TR 1~ MECIIBREM AR, SRR Z A U COR~L o0k 32/ Cd 5 (Yoshizaki
et al., 2003), EVEZ UL, PGC 1R, AL TREKICAR T2 LA RERME TH
B, bbb BHREHRIFICAV IO LML L CE LML 25, w7 AT, in
vitro L:H&@»Hjbf: PGC 75 Embryonic Germ Cells (EG #ifiil) LFEIZNDHALAERE A EHE LT
33V (Matsui et al., 1992) | ES MR [FRRIZ, 8 EMRICBIET 528 T, ¥ A% LT EG Hifaz
BEICER S DIEN T RETH D, 2, =V TIE, BBEL 7 PGC % B R 1E T D EAM A B %
ENTHEY, AELT PGC b, BRZEHT2ZEEFEEIZR-> TS (Naito et al., 1994)

AR BBV T, PGC ORSRE R 75 ML S 72 (Takeuchi et al., 2003), PGC 236
HIEET D pvasa-Gfp BiaTFE A=~ Z%iHt (Yoshizaki et al., 2000; Takeuchi et al., 2002)
O LHERDDEY L7 PGC %, [RIFEFM LR DOIEIENICBHEL-L2A, BREL 2 PGC I
HERS E D AEFARRA TILBBERYZR R T~ M E O TR TIII~GELTZ, SHIC, =V

AN PGC & BFEDIE T CTHD Y~ A(Oncorhynchus masou) DFHLHERICEE LT EZA L



72 PGC VLY~ ADAFEE N THEBERIZRFE 20 EL B EDT v ARBRE L7 PGCICAR TS
=V A%AEH LTz (Takeuchi et al., 2004), DFEY, PGC X EBEORE T2 ML TH, BERIZAHE
FIRE7e AR CHDZ LML G 5T,

EIRD I, PGCITIN~D 3 LRER A LTIl ChD 72D BB D PGCEBEFERTT DL
ATENE, INETRETIIR AL ST R BB FERORENTREIL D, IHIT, Wi
TRAFLT2 PGC ZfFIRL T, IERDE EITBHE DL, AN L TERL TLEo 7o M

ZEOELILL TED LM FEND (K 2),

AHZED H

ARG THE, 28R AETEHAR (PGC) 2RI A L7 F o e B R T EIRIRF S RO & B 1Y
ELTz, ZOEMBEERT DO, 1 BETIEET, =U~2% AT PGC OFERBRESRMGO
BRETEAT o7, SHIT, BRERTFL 2 PGC AHERERYZ2INIZ 0 b L . AU B3 A IE F 72l A3
BONDDEDERIET DD ERE T/, D SWTE 2 BT, ST L

FRWEIZ, N —BORAETEMINZ B T 5 SR OB AT o7,

Rk, R LO—EIZ DN T, FRICEEE 4 ThD,

R 3L
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# 1. Number of threatened species by major group of organisms (1996-2004).

Number Number Number

Number Number of | Number of[Number of| Number of| Number of |threatened| threatened

of of : in 2004, | in 2004,

Vertebrates . species s
described evaluateq| SPECIES In | SPECIEs in | species in | species in (species in | as % of as % of
species 1996/98 species species

in 2004 described |evaluated**

5,416 4,853 1,096 1,130 1,137 1,130 1,101 20% 23%
9,917 9,917 1,107 1,183 1,192 1,194 1,213 12% 12%
8,163 499 253 296 293 293 304 4% 61%
Amphibian 5,743 5,743 124 146 157 157 1,770 31% 31%
Fishes 28,500 1,721 734 752 742 750 800 3% 46%

NOTES:

1) * It should be noted that for certain species endemic to Brazil, there was not time to reach agreement on the
Red List Categories between the Global Amphibian Assessment (GAA) Coordinating Team, and the experts on
the species in Brazil. The 2004 figures for Amphibians displayed here are those that were agreed at the GAA
Brazil workshop in April 2003. However, in the subsequent consistency check conducted by the GAA
Coordinating Team, many of the assessments were found to be inconsistent with the approach adopted elsewhere
in the world, and a "consistent Red List Category" was also assigned to these species. There was not time to agree
these "consistent Red List Categories" with the Brazilian experts before the release of the 2004 IUCN Red List,
therefore the original workshop assessments are retained here. However, in order to retain comparability between
results for amphibians with those for other taxonomic groups, the data used in the Global Species Assessment
(Baillie er al. 2004) are based on the "consistent Red List Categories". Therefore, figures in table 1 above will not

completely match figures in table 2.1 in the Global Species Assessment.

2) ** Apart from the mammals, birds, amphibians and gymnosperms (i.e., those groups completely or almost
completely evaluated), the figures in the last column are gross over-estimates of the percentage threatened due to
biases in the assessment process towards assessing species that are thought to be threatened, species for which
data are readily available, and under-reporting of Least Concern species. The true value for the percentage
threatened lies somewhere in the range indicated by the two right-hand columns. In most cases this represents a
very broad range. For example, the true percentage of threatened insects lies somewhere between 0.06% and
73%. Hence, although 41% of all species on the JUCN Red List are listed as threatened, this figure needs to be

treated with extreme caution given the biases described above.

#H: IUCN, (2004). The IUCN Red List of Threatened SpeciesTM Samary Statistics. URL:
http://www.redlist.org/info/tables/tablel 7>,
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ABSTRACT

An increasing number of wild fish species are in danger of extinction, often as a result of
human activities. The cryopreservation of gametes and embryos has great potential for
maintaining and restoring threatened species. The conservation of both paternal and
maternal genetic information is essential. However, although this technique has been
successfully applied to the spermatozoa of many fish species, reliable methods are lacking
for the long-term preservation of fish eggs and embryos. Here we describe a protocol for
use with rainbow trout (Oncorhynchus mykiss) primordial germ cells (PGCs) and
document the restoration of live fish from gametes derived from these cryopreserved
progenitors. Genital ridges (GRs), which are embryonic tissues containing PGCs, were
successfully cryopreserved in a medium containing 1.8 M ethylene glycol. The thawed
PGCs that were transplanted into the peritoneal cavities of allogenic trout hatchlings
differentiated into mature spermatozoa and eggs in the recipient gonads. Furthermore, the
fertilization of eggs derived from cryopreserved PGCs by cryopreserved spermatozoa
resulted in the development of fertile F1 fish. This PGC cryopreservation technique
represents a promising tool in efforts to save threatened fish species. Moreover, this
approach has significant potential for maintaining domesticated fish strains carrying

commercially valuable traits for aquaculture purposes.
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INTRODUCTION

The consumption of salmonid fish has potential beneficial effects on human health due
to their high content of omega-3 fatty acids, such as eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA) [1]. This has led to intensive farming worldwide. These
species are also attractive to anglers. However, fears are growing that many wild salmonid
populations are now facing extinction. Escaped or released farmed fish and exotic species
have devastated the population of native species by hybridizing with them, sometimes
driving them to the brink of local genetic extinction [2-4]. Habitat destruction caused by
dam construction and land-management programmes are also threatening rare salmonids,
such as the bull trout (Salvelinus confluentus) [5], California golden trout (Oncorhynchus
aguabonita whitei) [6], and Formosan landlocked salmon (Oncorhynchus masou
formosanus) [7].

To maintain the genetic diversity of salmonids, it will be essential to preserVe their
heritable information. The production of live rainbow trout by androgenesis has been
reported previously [8, 9]. However, the survival rate of androgenic diploids was low and
maternally inherited cytoplasmic compartments, such as mitochondrial DNA, could not be
restored using this approach. Despite the urgent need to preserve maternal genetic material,
fish eggs have not yet been successfully cryopreserved, mainly due to their large size and
high yolk content [10].

Our recently developed novel surrogate broodstock technology [11] allows

intraperitoneally introduced PGCs to resume gametogenesis and differentiate into
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functional spermatozoa in allogenic male recipients. Transplanted PGCs can also
differentiate into functional eggs in female recipients. In addition, we successfully
xenotransplanted PGCs between rainbow trout and masu salmon (Oncorhynchus masou)
[12]. These results suggest that maternally inherited genetic information could be
conserved by cryopreserving PGCs. This approach might even enable currently endangered
species to be rescued from future extinction using closely related species as surrogate
parents. We therefore established a cryopreservation method for rainbow trout embryonic
germline progenitors and investigated whether the thawed PGCs could develop into viable

fry.
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MATERIALS AND METHODS

Fish

Rainbow trout (Oncorhynchus mykiss) which maintained at the Field Science Center,
Oizumi Station, Tokyo University of Marine Science and Technology (Yamanashi, Japan)
was used in this study. pvasa-Gfp transgenic rainbow trout strain [13, 14] was used for
survival assessment of cryopreserved PGCs and preparation of donor cells. F2 transgenic
embryos were generated by crossing F1 heterozygous (pvasa-Gfp/-) males with
non-transgenic females. On the hatching of the F2 generation, transgenic fish expressing
GFP in their PGCs were identified by screening the embryos under a fluorescent dissecting
microscope (SZX 12; Olympus, Tokyo, Japan). Non-transgenic rainbow trout (-/-) which
was allogenic relationship with donor was used for recipients. The embryos were reared at
10°C. All procedures described herein were conducted in accordance with the International
Guiding Principles for Biomedical Research Involving Animals as promulgated by the

Society for the Study of Reproduction.

Embryo Manipulation and GR Collection

pvasa-Gfp transgenic 30-day post-fertilization (dpf) embryos were dechorionized using
forceps and anesthetized with 0.05% 2-phenoxyethanol in trout ringer solution [15]. The
GRs were manually excised using fine watchmaker’s forceps under a dissecting
microscope, as described by Kobayashi and colleagues [16]. The excised GRs were stored

on ice in phosphate-buffered saline (PBS) with 5% fetal bovine serum (FBS) and 1 mM
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CaCl, until use.

Freezing and Thawing of GRs

As GRs are similar in size to mammalian embryos, bovine embryo-freezing medium was
used with slight modifications [17, 18]. In brief, PBS based medium containing 0.5%
bovine serum albumin (BSA), 5.5 mM D-glucose, and 1.5 M cryoprotectant: dimethyl
sulfoxide (DMSO), glycerol (Gly), propylene glycol (PG), or ethylene glycol (EG).
Chemicals and regents were all purchased from Wako Pure Chemical Industry, Osaka,
Japan. The media were cooled on ice prior to use. The collected GRs were suspended in
300 pl of freezing medium, transferred to cryotubes (Greiner, Frickenhausen, Germany)
and equilibrated for 15 min on ice. The tubes were then slowly frozen using a Bicell plastic
freezing container (Nihon Freezer Co., Ltd., Tokyo, Japan) at —1°C/min for 90 min in a
deep freezer (—80°C) and plunged into liquid nitrogen. After at least 12-h cryopreservation,

the tubes were thawed in a water bath for 20 sec at 25°C and rehydrated with PBS. ‘

Freezing and Thawing of spermatozoa

Spermatozoa collected from non-transgenic males were diluted 1:3 in the cryomedium
containing 20% methanol and 400mM sucrose. The spermatozoa were then loaded into
0.25ml French straw (Fujihira Industry CO., LTD., Tokyo, Japan) and frozen on dry ice.
After 5 minutes, the straws were plunged into liquid nitrogen. Straws were thawed by
gently agitating in 10°C water bath for 10 seconds. After thawing, spermatozoa were

immediately used for fertilization.
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Assessment of PCG Survival

Prior to cryopreservation, five paired GR samples were pooled in one well of a 96-well
plate and the initial number of GFP-labelled PGCs was counted under an inverted
microscope (IX 70, Olympus) equipped with a GFP filter set. The GRs were then
transferred to a cryotube and frozen using the method described above. After thawing, the
GRs were dissociated with trypsin [16] and transferred to a 96-well plate, followed by the
addition of trypan blue dye. The number of GFP-positive cells that were negative for
trypan blue was counted. The survival rates were calculated according to following
formula: survival rate = number of GFP (+) and trypan blue (—) cells/initial number of GFP
(+) cells. As a control, the survival of trypsin-dissociated GRs without freezing was also
calculated in the same procedure. All experiments were repeated at least three times and

the results are expressed as the mean = standard error of the mean (SEM).

Cell-Transplantation Procedure and Donor PGC Analysis

A donor cell suspension was prepared from 30-50 pairs of cryopreserved or freshly
isolated (non-cryopreserved control) GRs of the pvasa-Gfp transgenic strain. Newly
hatched (32-34 dpf) non-transgenic hatchlings were used as recipients. Cell transplantation
and the observation of donor PGCs in the recipients were performed as described by
Takeuchi and colleagues [11] with several modifications. Briefly, 15-20 PGCs were
injected into each recipient fish. In the colonization analysis, donor cells were prepared
from 0-day (control), 1-day, and 10-month-cryopreserved GRs. Transplantation- was

performed 3 or 4 times on different days and at least 30 recipients were used in each
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transplantation experiment. All the recipients were sampled at 30-day post-transplantation
(dpTP) and the colonization of donor PGCs in their gonads was evaluated. Data were
analyzed by one-way analysis of variance (ANOVA) followed by the Duncan

multiple-range test and are represented as the mean + SEM.

Progeny Test

To analyze the germline transmission of the donor-derived phenotype, 0
(non-cryopreserved control), 1, and 5-day-cryopreserved PGCs were used for
transplantation. The recipients were allowed to mature for 2-3 years. Milt was then
collected from male recipients. DNA was extracted from 1 pl of each milt sample and
subjected to PCR analysis with Gfp-specific primers [11]. To examine whether the
Gfp-positive milts contained functional spermatozoa derived from donor PGCs, they were
used to fertilize 1,500-2,000 eggs from non-transgenic females. To confirm whether
cryopreserved PGCs differentiated into functional eggs in the female recipients, the eggs
stripped from each mature female recipient were fertilized with cryopreserved spermatozoa
obtained from non-transgenic males. Two straws were used to inseminate 1000-3000 eggs
obtained from female recipients. F1 embryos were raised until the hatching stage and
then screened for the donor-derived phenotype (that is, green fluorescence in the PGCs).
The donor PGCs were heterozygous for the Gfp gene and half of the F1 fish showed the

non-transgenic phenotype. The actual germline transmission rate was therefore doubled.
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Observation of sperm motility and F2 development

One microliter of spermatozoa extracted from F1 that produced from the eggs derived from
cryopreserved PGCs was diluted in 100 pl of 1.1% NaHCOj; solution and the duration of
sperm motility was measured. As a control, the duration of sperm motility of spermatozoa
obtained from normal males was measured in the same procedure. To examine
developmental potency of F2 embryos, the fertilization, eyed, hatching, swimming up rates

were examined at 15-hour, 24-day, 35-day, and 65-day post-fertilization, respectively.
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RESULTS

Optimization of Freezing Condition for Trout GRs

As the number of PGCs was limited (<100 per embryo) [19], we attempted to preserve
the GR tissues in order to avoid losses of PGCs during freezing and thawing.

We initially examined the activity of four types of cryoprotectant: DMSO, Gly, PG,
and EG. GRs excised from 30-day post-fertilization (dpf) embryos were cryopreserved in
medium containing 1.5 M cryoprotectant. After freezing for 12 h, the GRs were rapidly
thawed and enzymatically dissociated. PGC survival, assessed by trypan blue
dye-exclusion, was significantly higher using medium containing EG compared with the
other cryoprotectants (Fig. 1A). An EG concentration of 1.8 M resulted in the highest
survival of the thawed PGCs (51.3 + 7.25%; Fig. 1B). GFP-positive GR cells, which
stained negative for trypan blue dye, showed active movement with extended pseudopodia

over time. This is a typical characteristic of PGCs (Fig. 1C-G).

Transplantation of Cryopreserved PGCs to the Allogenic Recipiehts

To examine whether the cryopreserved PGCs could colonize the recipient gonads, they
were transplanted into the peritoneal cavities of non-transgenic hatchlings. All recipient
fish were sampled at 30-day post-transplantation (dpTP) and their gonads were observed
under a fluorescent microscope. At this time point, the survival rates of the recipient fish
that received cryopreserved PGCs were similar to that of control group that received

non-cryopreserved PGCs (Table 1). The frequencies of colonization obtained by
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transplantation of cryopreserved PGCs were not significantly different from that of control
group, indicating that our freezing method was suitable for the long-term preservation of
trout PGCs. Recipients showed 1 or 2 GFP-positive cells in their gonads at 15 dpTP (data
not shown). This number increased to a maximum of 35 in 1-day-cryopreserved group (Fig.
2A and B) and 56 in 10-month-cryopreserved group (Fig. 2C and D) at 30 dpTP. As 15-20
donor PGCs were originally transplanted, these cells had proliferated in the recipient

gonads.

Germline Transmission of Donor PGCs

To determine whether functional spermatozoa and eggs could be produced from
cryopreserved PGCs, mature recipients were subjected to progeny tests (Table 2).
Donor-derived spermatozoa were detected in the milt of male recipients using the
polymerase chain reaction (PCR) with Gfp-specific primers. Of the 64 mature male
recipients that received 1-day-cryopreserved PGCs, eleven produced Gfp-positi\}e milts
(Table 2 and Fig. 3A). These milts were used to inseminate eggs from non-transgenic
females. After hatching, the F1 progeny were observed under fluorescent microscopy to
identify any individuals showing the donor-derived phenotype (that is, GFP-positive
PGCs). Spermatozoa derived from five (7.8%) of the male recipients produced F1 progeny
with the donor-derived phenotype. Similar results were obtained with recipients that
received S-day-cryopreserved PGCs (Table 2). The germline transmission frequency of the
donor-derived F1 was 0.1-13.5%. This low value could be due to the relatively small

contribution of the donor PGCs to the recipient germlines. There was correlation between
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the band intensity in the PCR analysis and germline transmission frequencies. Indeed, the
milts showing faint band (Fig. 3, sample number 10, 16, and 19) failed to produce
donor-derived F1 progeny.

Owing to the limited number of eggs, and technical difficulties in extracting genomic
DNA caused by the large volume of yolk, a progeny test for female recipients was
performed without PCR analysis. Of the 44 recipients injected with 1-day-cryopreserved
PGCs, four (9.1%) produced donor-derived F1 progeny (Fig. 3B, Table 2). A female
recipient that was transplanted with 5-day-cryopreserved PGCs also produced F1 showing
donor-derived phenotype. Thé viable fry produced from eggs derived from the

cryopreserved PGCs have shown normal growth (Fig. 3C).

Fertility of FI1 produced from cryopreserved PGCs

Five F1 males that produced from eggs derived from 1-day-cryopreserved PGCs
matured at 10 months old. To determine whether the F1 produce functional sperrhatozoa,
motility of the spermatozoa and early survival of F2 were examined. The sperm motility of
the five fish was >90% (data not shown) and the duration of sperm motility was
approximately 30 seconds, which did not significantly differ from that of normal trout
sperm (Table 3). Further, the F2 generations derived from the five F1 showed normal
development. These results indicate that the F1 fish produced from eggs derived from
cryopreserved PGCs were fertile and that their genetic information preserved in liquid

nitrogen could be amplified through ordinary crossing.
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DISCUSSION

This study established a cryopreservation method for trout PGCs. These cells could
subsequently be converted into functional eggs in female recipients and produce viable fry
upon fertilization with cryopreserved spermatozoa. Further, the resulting progenies were
proved to be fertile. The PGCs retained the ability to differentiate into both spermatozoa
and eggs; thus, this technique conserves not only nuclear genetic information but also
maternally transmitted cytoplasmic material. Our method represents a promising tool in the
cryobanking of fish genetic resources. Moreover, in combination with our previously
reported technique for xenotransplantation between closely related species using freshly
isolated PGCs [12], it could realize the restoration of endangered fish species.

One potential limitation of our study was the fact that the donor PGCs were labelled
with Gfp gene. However, this method would not be appropriate for use with cryopreserved
PGCs from wild donor fish. An alternative labelling method is therefore required. A
non-transgenic method for visualizing PGCs using Gfp-RNAs was recently reported [20]
and might be suitable for restoring endangered fish species. An additional problem was the
relatively low rate of germline transmission of donor PGCs (Table 2). However, the
transplantation method used in this study was extremely simple. Together with high
fecundity of most fish species, we can overcome this problem by transplanting PGCs in to
large number of recipients. In mice, exclusively donor germ cell-derived progeny have
been produced using sterile recipients [21]. Improved results might therefore be achieved

using sterilized fish, such as triploid individuals, as recipients in our newly -developed
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system.

The restoration of live individuals from cryopreserved embryos has been reported in
common carp (Cyprinus carpio) [22] and flounder (Paralichthys olivaceus) [23] using
modifications of freezing methods developed for mammalian oocytes and embryos.
However, the recovered fish survived for only a few days. Fish eggs and embryos are large
and have high volumes of yolk materials compared with those of mammals. This makes it
difficult to ensure that a sufficient volume of intracellular water is replaced with
cryoprotective agents [10]. In addition, salmonid eggs and embryos are particularly large
(diameter: 4-7 mm) compared with those of other fish species (diameter: 0.8—1 mm). The
freezing methods used for mammalian oocytes and embryos are therefore unlikely to be
suitable for use in fish, particularly salmonids.

Here we cryopreserved PGCs within GRs, which have two or three cell layers and are
~100 pm thick (data not shown). These tissues are similar in size to mammalian embryos
[24]. Their smaller size might allow the cryoprotectant to permeate the tissue more
effectively, reducing the formation of intracellular ice, which is generally lethal to cells.
The superior cryoprotective activity of EG might be due to its low molecular weight
compared with the other cryoprotectants examined (Fig. 1A). Similar results have been
reported in human embryos [25].

PGC cryopreservation has important applications in fish farming. The growth of
intensive farming has increased the need for effective means of preserving germlines for
broodstock management and genetic-improvement programmes. The absence of freezing

methods for eggs and embryos has meant that fish strains have been preserved by raising
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parental fish. However, this approach is costly, and is susceptible to natural disasters,
pathogen invasions, and genetic dilution of the desired traits due to repeated crossing. Our
method overcomes these problems, is simple, and does not require complex devices, such
as programmable freezers. It could therefore be applied in salmon hatcheries equipped with

deep-freezers and liquid-nitrogen tanks.
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FIGURE LEGENDS

FIG. 1. Optimization of freezing conditions for trout PGCs.

A) Survival rates of trout PGCs cryopreserved with medium containing 1.5 M of DMSO,
Gly, PG or EG (n = 3). Data represent the mean + SEM. EG gave significantly higher
survival of PGCs than the other protectants. Control represents the survival of
trypsin-dissociated PGCs without freezing. B) Comparison of various concentrations of
EG (n=16). Data represent the mean = SEM. C-G) Time-lapse images of thawed PGCs.
Fluorescence view of the genital ridge-cell suspension immediately after dissociation (C).
The PGCs exhibited intense green fluorescence (arrow). Bright view of the PGCs shown in
C under greater magnification (x400) (D-G). The PGCs actively moved with extended

pseudopodia (arrowheads). Bars = 50 um (C) and 20 um (G).

FIG. 2. Colonization and proliferation of cryopreserved PGCs in the recipient gonads.
Donor PGCs prepared from 1-day-cryopreserved GRs (A and B) and
10-month-cryopreserved GRs (C and D) were transplanted into the peritoneal cavity of
non-transgenic hatchlings. A and C) Ventral view of the peritoneal cavity of recipients at
30 dpTP as indicated by the red rectangle in the inset. Donor-derived PGCs were
incorporated in the recipient gonads indicated by arrows. The incorporation of donor PGCs
was confirmed in the isolated gonads (B and D, shown in A and C, respectively). The
number of PGCs increased from 15-20 (originally injected) to 35 in B and 56 in D. Bars .

200 pm.
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FIG. 3. Germline transmission of the donor-derived phenotype to the F1 progeny.

A) PCR analysis of the recipient milts with Gfp-specific primers. The lanes are labelled as
follows: N, negative control (no template); P, positive control (Gfp-plasmid); 1-24, DNA
extracted from the spermatozoa of male recipients that received 1-day-cryopreserved PGCs
Seven milts were positive for Gfp gene (yellow arrowheads). B) Ventral view of the
peritoneal cavity of the F1 progeny produced from eggs derived from cryopreserved PGCs.
The donor-derived phenotype was confirmed by GFP expression in the PGCs (white
arrowheads). C) F1 progenies produced from eggs derived from cryopreserved PGCs at

6-months old. These fish have shown normal growth. Bars=200 um (B) and 1 cm (C).
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i

ull

BIETE, =V~ R&ETNELT PGC OEFERF T IREHESLL . HfERZELT PGC IZH
KFTDEER=UAEROBENFTRETHDHIEEELELT, 5. ZOHEMTE % OMREA
BARESCEMARIIEAT 20T E N5,

RIZEIZIBW T, R —I2 PGC Mk B # AR5 prasa-Gfp Bin FHEHELZ RHE (Yoshizaki
et al., 2000b; Takeuchi et al., 2002) Z AV \=Z & T, 1) BHE L2 PGC 238 EOEFEBRIZEVIAE
BT, 2) BT IS EOBHEL 72 PGC ICHSET D¥E FAFEAEL TODINED, 3) Bl
L7z PGC IZHKT 5 Fl AP EESIVTWDNENE | EAEEIELLTES ICENT 5L
MERETdh o7z, LinL, EREOERARABECEMARIIIZ OIS RRMITHFEELR, H
BOFEEFMOBRBIISA TGS, FRECHRE TR RREERTILERSD, L
L., B ERAHEOERIIIREWEA B LELRDTD | EEER D Balxt g
B 5 ER AR AE OB ESR BT R EARIIIE R ITIELIES 20, Ft,
MR EIRAELE-> CEETRERTIZEX. GEW, BRICEEL RS LBV, Lz
PoT, BETRBX RREERE I, B — Bk AR L R T 5 F IO BRI 2 E
nd,

BB FHIA N T —ERIE OB B IZF R F1EEL T, vasa3’UTR Gfp-RNA 232 K551
{3 AL, PGC & FTARL 2 1754 CloBAZE S TL B (Wolke et al., 2002; Yoshizaki et al.
2005) . ZOFETIE, Gfp BT OFIRREED T itiZ vasa Ein+ O 3 FEFIEREE (3°UTR) &
AL, invitro TER LT cRNA & IV T2, vasa BRI TR CRREMIZH BT 08
fZTTHY, FD 3UTR X vasa-mRNA % EFEAML CRHEMICEELSEHBE 2RO (L,
2002; Knaut et al., 2002) , D728, vasa3’UTR Gfp-RNA 238 AZI BTl PGC 23R
(CRRBHEIEATET D, Lo T :@%%&ﬁﬁbf:ﬂm%ﬁ%‘c%hk PGC #BMEL7=EETIL,

R —D PGC %, HHEBELL CE SR THIENFRETHD, LLanb, EAZNE
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AR RNA L, B L EBIZ ST R —PGC OBHIA ATEER I 2 RO TVND, F
B RNA K ERIZIT DOV | 8 £ T — R B RO BT 5 EFE LI ED
BT HIENTERY,

EMORTE, KR, TNLIUFE OB ERFIZEL QD EFEERFEOSE TIL,
ZOFHAELS|DE (DNA S8 25| F L7z, FE0 R/ (R EREYE A 5E) 0¥ 523 TH
LD, — A7 J711Z1E, RFLP (Restriction Fragment Length Polymorphism) #5° RAPD
(Random Amplification of polymorphic DNA) IR ZIF L5 (B0 -EAK, 1997), Zih DNA
SR HW-REHIBIEL, BE AL G/ RNA OB ADIIBREREL LELET 49
B &R OB ERFIEFATL0, EOLI7 A ZRICHIS AN FRETHD, 2T, H2
E T, DNA ZEZFI AL, 368 E A N —lmREEaERH T2 5 EORELYH
&Lz,

RF—oD PGC ZMEEITHBMEL, EENR T —ICHEETIEBETFEEHL TN ENE, &
#> DNA ZRZFIHL CHERT 27023, BEOR . F2IEIILEHLE F1 #R0
DNA £ R T — LB AT, Ll BHEARBL T e LT BENRRTHET
EBROBGEEMBIENTER, B, P RAEOBRICKBICEVEA %E@“é%?ﬁé‘:éz
AW BRIZIE R B DD FETIZ 1~3 EOFEBFHMNMLEI 2D, LERN->T, BENK
R DENC, B EDOEMBNICE T — B RO ATEMR ATFTEL QWA AR T D203 sk
PAIEN %@@&E‘%%%ﬁ#éﬁzv#&ﬁazﬁéﬁéﬁ%&&éo

PGC ZFHELT-18 EOAFIRNIZIL, 16 F B & OEFEAIL LA, BLON T —0 A& FEH
R ARKREAFEL CODFREED S (K 1A, B), ZOHMNERF—O LRI 22 T
DI, 8 EEN T — DMl A3 5720 Tl R — AR S A e H B L2 T
720700, Lol AFEMES (KMias ., AU —EEICEET 2L 0 ThiE, £<RLY
/2 DNA ZHL TS, ZD72, Tﬁ%iﬁlﬁﬂ%@f/.& DNA %RV TR — AR B2

DNA 2R E L7256 TR —OAEMIEICE T L0000, FEb R —ok
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MBIZH ST Db DO THHOPE R THIENTERN, Z2T, AER TIL, AT E A
B HIRT BT, AFHAMAE CREEANCHEIR T D vasa BIZTI2E B LT (K 1B) , vasa B
FOREM - R DOLEREL LR T — R D vasa BT8R PCR 754~ —%1ERKL.
Reverse Transcriptase-Polymerase Chain Reaction (RT-PCR) 12V, 18 E AR —%
FED vasa mRNA (cDNA) 23 I CERIE, R — B RATEHIAATAEL QWD ZEDFEILE 25
(K 1C, D), £ LT FA~—ZFWT, lEEORE TS /L DNA 2881 L LT PCR 217928
XY, R —HRBFORELFTRE Th D, FARRICL T, B EDIINLIERLE FI OF /4
DNA Z8AIZ AW IUE, R —RROIIBMEHSIL T DG bR T2 ZE N FTRE TH D,
FITAERTIE, £, 7 /A DNA VUL T vasa B TOEM SRR —h kAT
fa DR IR FTREDE D ERRGELTZ, B 12 pvasa-Gfp =V < A%, BEIAVTZE AN
TREEMEOBHEIT o7z (BE, 2003) , ZOATTEEN=U RO FEERL THENE
IEREND DO, R —8 IR G B8R0 7F74~—%F\TPCR R7)—=
JETol, SBIZ, =V~ ANTEM: vasa BIETIZRENRT T A~—%H\T PCR 21TV,
Gfp BT D774~ —% Rz PCR ERILERDELNDDEDNERFEL /2, D DWT, B E
DAEFERR cDNA Z851L L7z RT-PCR \Z&0, 8 FATFERRPNIFE T DN — kA FEME O
RS FTRED D ERIE LT, ZZClE, 8 1 ORI FIEICIDEFERF L7/ M D PGC
BV AIBIEL, BiER | » ABEU3 7 A OfFE EAEFERDO/OILZ cDNA 2855,
AN vasa BIR TR T T4~ —% A2 RT-PCRIZED | =V~ 218 EOEFEBRNITA L

Y OEFERIA N EEL COANE D E R LI,
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MEETTTE

1. e
=V A

REFKERFET 4=V REENE B F—BAKIEAEE T A — VR RREAT— a2 B80T
AR 10°COFKRZE AW THRE BTSN QOB AR =< X (Oncorhynchus mykiss)3 DM
ORI T2 IR E 1% T2 L 2 DR LR B L 72 - 52 1B E (R0, 2000) 12k~ TRELT=,
BONTSREINL, 10COTAKE CHEL ., MILEROMH L (FEEKIE 320~350°C day) &
A7 PGCBAEERR DS LU TR o, =7~ 2RI OBAELZ AN T —HMia ik, Auf
FRETHRHAEESNTND prasa-Gfp BIGFE A=< 2 (Yoshizaki et al., 2000b; Takeuchi et al.,
2002) MHFHEELT,
AT

AREBIFERA LAV HE, RERBAT —2a o80T, L& ETHRAETI LT
2ATF (Salvelinus leucomaenis) ZfEH LTz, 3 BROMENGIFZEREL | 3 O BENHEEL 745
FEZHE LT, BN ZFEINI=U < AL RERO F O (R KIR 420~460°C-day) £T
FHEL, BELLTHW,
-k

JtHgEE RS B E T — VR R X — AR K EBRET LV 5 S A N (Hucho
perryi) DFEIRIIZARFERKRAT—a 2B T 10CORAKKE CHRELR, Ik FEEAKER

310~340°C-day) %, BHEEBRORN T —LLU TRV,

2. cDNA OERK

AT IR EcDNA

4r AEOMEAT T (EE: 4em, KE: 0.87g) MOIFEARMELNIAT A A L TREEEEL
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2o 2O T ADBISOGEN (2w iRy =N ED | IR O 7 b — UV 2RNAZ I H
L7z, BT, BB EE2.2Unit/ml RQ1 RNase-free DNase (Promega), RNase Inhibitor (BLEERS
BRFE4E) L 40mM Tris-HC1 (pH7.8). 10mM NaCl, 6mM MgCI2, ImM dithiothreitol#iE #1 ¢
37°CIZT6053 HIDNAG AR IEZAT ST, H1IL5 (19952) DFIEIZEY 7=/ — A il =
&)= AL Z LR RIS I ERNAD B E R OMIEZ R E LT, HON7mERNADI BH2ugsw
#5711 CReady To Go You-Prime First-Strand Beads (GE healthcare Life Science)lzd&¥, A=
WD) THETH—=T T4 ~— (T I~ ——F) AV TE I1#HDNAZ G KLz, 5" RACEIZHW
72cDNAL, 1pg®IFERNADS, SMART™ RACE cDNA Amplification Kit (Clontech #4773
A A XS E ROV TER LT
APV FEE cDNA

11 7w A OA NI IE ((KE  11.6cm, (KE:209g) OB EAMH LN IAT AR CRBEHFEL,
OV T NHAT S LERRODITEET RNA i, 3L cDNA & REFTo72,
- = U AREEL cDNA

11 rAloO=U~< 2 (ER 13.2cm, BE:31.90) ORERERE LN AT AATEHERE

Lt LTI AT L FRED 57T RNA HHEL. 35508 cDNA A7,

3. AU F vasa Bl W T OHEEE

‘DNAWTA©; X2A-O

ERRLT-AT T IIECDNAZ R L L, =3~ Avasal& o+ O ELEEIZ i v=degenerate 7 1<
— (vasa-F1 BLN vasa-R2a; Yoshizaki et al., 2000a, I ~v——& VAW TTFROEHE
IZTRT-PCRZ 1T 572, PCREiSIE, DRELCDNAO. IWZE R EL | IpMO & T T4~ —, BIO
0.2mM dNTP, 0.25Unit®>TaKaRa Ex Taq (#7153 AFBRANEE) & Te1 X Ex Buffer1 0ulH T,

[ DEMTITo72 (PCREJEEE—E), ZHIZEYD, $1900bpODNAKT T Q& 457,
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‘DNAKTH©@; X2A-©@

THDOPFERMRBEIKDOHEERFNEZEL-DIZ, =V~ Avasa3’ UTREBEEW T T A~ —
(RTvasa3’UTR-F; Yoshizaki et al., 2005, 77 ~——%) | 3BLUVect-AP1 7T A~ —ENested
T T A<~ (Vect-AP2, 7T A~——%) %\ T3’ RACEIEZTT o7, PCREIGIT, AU F B
cDNAOQ. 1 WZFFRIC, FIBRDEX Tagz AW/ T D OFEMETITo7= (PCREUGERE—E), Z
I LVKI700bpDDNA KT B @% 457,

‘DNABTH@); X2A-©

DNAWT A O L U@ BRI MR E T2, Wi QLW QDA H /S —FHIMERKL
72724~ — (vasa common Fw, vasa common Rv; 774 <——%&)% M\, RI-PCRZ{T 7=,
PCRESE ., A7 T BIBECDNAO. L WE AU, EX Tagk A\ 2% C, MOSMHETIT 72 (PCRIC
JSEE—E) . ZHICEDKI330bpDODNAKT A @& 157=,

‘DNAKTH@; X2A-@

DNAWT A QDIFEES % TTil AV Fvasal& o F R R T4~ — (GSP1IBLUGSP2; 7
T A~ ——&) HFRFL, SRACEILIZLVCDNAS IO Em A HEIE L 72, PCREJSIE, SMART™
RACE cDNA Amplification KitZ VN TARLIZAT T IFEeDNABE I W& E5BI L L, oMot
J&™0.4mM Universal Primer A Mix long (UPM; 7'7A~——&) BLO1uM GSP1ZA,
Ex Taqg DA T, VOFEMETITo7 (PCRIJSESEMF—E) . DDV T, FERFRAYICTHEIRL 72723
REBRETHDIC, HBONPCREYZ 5% Nested PCREZIT o7, PCRISIE, 1 PCRE
#0.011 %8582, oM ED 1M Nested Universal Primer A Mix (NUP; /'JA4<——
%), 1uM GSP2, 0.4mM dNTP, 2.5mM MgCly, 3L T0.5units?TaKaRa LA Tagk & ie1xL4
Tag (ZHINAFRRAEH) Ny 7 7 =10 FIZ T, VO TIT-7 (PCREUS R —E) ., =

I I HI900bp DDNAKT H @475 7=,
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4. SHERF|DORIE

HEES DR EIL. R TUTOHFETIT 272, RI-PCR &> THIEL 7 PCR EME .,
0.5xTBE #BENAIRE B 10 2% T W a—A7 VAL LT 100V O EEBE CESIKENIELE,
BERKE®%, BRYD DNA W2 B8/ VA2 ARICTEIVHIL | Ultra Clean 15 DNA
Purification Kit (Mo Bio Laboratories Inc) ZF\\, AT D7 aha—/ 256> CTHBJD DNA Wt
T ORERIELT o7, FRLL7- DNA B % pGEM-T Easy Vector ("R AT RIS L) ~HEAIAA
72 47— ar G, RT-PCR THLIL = DNA W /7 100ng, pGEM-T Easy Vector 25ng,
T4 DNA Ligase (72 ATRRKE ) 1l & e 10p] DIRETREVERL., 16°CT 1 BiRSLZ, =
D Sul & AT, #1L5 (2005b) DT EICH ESE, T e b (KBS EER DHSa BR) 12k
TUART d— A=A E AT ol F D%, WEEBRSIKIGERE 2xYT AR THEEL
B2 N0 Flexi Prep Kit (GE Healthcare Life Science)lZd&D 77 AIN DNA ZHE#L 7=, ZDH#.
Thermo Sequenase™ Cy5 Dye Terminator Kit (GE Healthcare Life Science)& i\ T —4 30
7 RIGEAT T BRI, 77 AN DNALSul 285512, universal primer F7713. reverse
primer (774 <——%&)0.2uM Z A\ VIOZEHTIT-7 (PCR FULGHF—E) . RIGHKE T 4.
TH )= NARBEITO, ISR L, BERRISERIZ, Ty MR D Stop solution %
6ul oMz, 73CT 3 /HBEMLZE, K ETRELE, 0%, ZTNLDORIGKE

Long-Read Tower ™ DNA Sequencer (GE Healthcare Life Science)lZ L0 BE YR E LT,

5. =< A vasa BIn FRHETTA~—DIER

BBIIEAT ) vasa EI5 T OEAEEF| CBEM D =< R vasa Bin OB ERLS 2B 6 T
YA 71175 I\ Genetyx 3.1.0 (V7 =7 HEHRK S IV EERL . AU T vasa BiEFiT
BB, =V~ A vasa BIE T D HEFEIITHEIE T 5 PCR 771 ~— (RT F6 LU RTRS,
TR EREILIC, ZOTIAT B2V R vasa BIFTATRRR THH T LETER

BT, =~ AREE cDNA. A7 FUPE cDNA #8552 RT-PCR #{T->7~, PCR [, EX
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Tag OF%% AV VIOSRMETITo72 (PCR RISEEF—E), £/, cDNA (MRNA) &L IZIREL
7o BRI A L b BRIIRHIBREN TWAT2D | 7/ A DNA 28582 PCR 21T o125 4,
cDNA OGO 7B AR FINOFRIND 0 FEIVS REWFAXORURZ D A REMERS
Do LT T, 7/ 5 DNA Z##IZ PCR ZAT o T BRSNS N\ N Y A X e iR T 2 7e I, AT
FORETT /5 DNA, BLUI=URAORETF7 7 5 DNA % FHW T PCR {772, PCR i,

¥+ /2 DNAO.1pl 8812, EX Tag O %%V, IO TIT-7 (PCR KIGEH—E) .,

6. ALY vasa B FE T OHEEEB LUOARNY vasa Bla FHREN T T4~ —DIERK

‘DNA W@, @. @

RT-PCR i, AMLTZARTHER cDNA ZEFRIEL | AT vasa B TW T OBEEELFET 7T A
~—Z& R, FRROEMETIT o7, ZHUZEY, 7 900bp @ DNA Wi 5D, I 700bp @ DNA W7 J1
@, BIUYH 330bp @ DNA Wi @% 7= (X 2B— D, @, @), 55417 DNA W o &l
FIDOWEIL, Ak D FIETITo72,

AN vasa EE TR T T A~ —DIERL

BONTZANY vasa Bl FORERINEBERN D=V~ A vasa BinFDOEERIN %
Genetyx3.1.0 IZEV IR L | =V~ A vasa Blx 3BT . AN vasa BIR - DO HEFE RN
#8IE 9% PCR 751~ — (/vasa-F1 BE W vasa-R1; 754 ~——) ZiRE LIz, ZOFF1(~
—BANT vasa BEFIFRATHOIIELTER T DO, =V~ AR cDNA, AR
cDNA Z855Z RT-PCR %1T572, PCR &L, cDNAO.1ul Z8EAIEL | EX Tag DR TIX DS

- TIT o7 (PCR R FMH—E&),

7. S AR OBE

- AR R R O FRIE

pvasa-Gfp EIGFEA=V~2 10 7 A k% 500ppm O 2— 7= /%L m )—)L (Foe sk

54



TEBASH) B P CRERE ML 72%  ARIOER AW Lz, OB BEASRETICE
L, ERBEME T CREREBLIOCENAET MEL, Bty M OV TRHIBEL 72, F7-.
FOLEEBAMEE (SZX12, TV AR St T CHELIVERERZBEL | i taiiEe
LT, BN S ENRWERLE, U ey 7L — X (MB-41, NAPOX B H8{ERT) & B
THIM L7z, ZOIDCL TRLNZER A ZEOITH<EIBTL R EZHREL-, Sohi
FEEM:F (25~35mg) & 500ul® 0.5% R 7" (Worthington Biochemical Corp, 150U/mgP, 88%
Protein) VAHE IR L, 20°C T 2 BRIV Fa\—hLTz, A2 FaX—hf KRR OS5 #E
BT DI, 30 BRI Ny T 4V EE LT, SO BRI E BB x
2um DF AT Ay 2 TREBEL, PRSI L R EL T, SOz
Ja—&—& O HE G (1500rpm, 5 2D ICE0EEEE . BEEHRWZ%IZ, 5% DTy
}6 12 I3E (Gibeo invitrogen cell culture) 25 € MEM 55l ( B KRR S PICHREBIE
7o, MIERE R L 1 SN ER (Rt =3 ICB L BELZTTOETOM 10Co1
FXaX—H—NTHRELE,
AR AR IS L A RS B A

WIBREEOH TRy ML, AT TFE (GD-1, TUL#) 27 —F— (PW-6, TVL4)Ic
FOERR LT, ATAE Ry OO NEN 70~80um (72D L5128 EER (EG-3, TV 7)) %
HAOWTHEL -, EREMEICHKEL v /av =t 2l —4—(BP-1, TUIF) BLU~A7
aA Vg H— (IM9A, FUL5) &FVT, HTAE Y MAIZ 13,000~20,000 AEfaZ & e, B
&% 150l OFERMREBRBEERS L, AT I LA OREREN~ERIEA L, Bfx

HiL7= 100 BB LI, KR 100CTHE L,

8. ATV T BEDIEFAII—= 7 BLULECEASR

BRI U7 RE 12 () 25, R —BSREEF2 £ E T DAETERIIF AT THLNED

AR T OO ERFITB T HN T — IR RN G BEFOREZRS T, AE L

55



FOEEL T4 1wl 2>5, PUREGENE DNA Isolation Kit (Gentra Systems, Inc.) &\, B0
Tuha— LR - T /A DNA 2 L7, PCR K&t BF4 /- DNAlul 28658412,
1uM @ EGFP 771~ — (GFP-FW 3L GFP-RV; 7' IA~——%) &\ = EX Tag DR T,
X DERMETIT 72 (PCR SR, o, RICHE IR TV /20 T8 RIZ Bk O
=V Avasa Bin TR 77 ~—% W TPCR #4757 (PCR )& 4 —%&, V), PCR
WCEOBAED A BRR SN AT T E LD FLEF AU R IR, F1 #REER

L7 67 FLITMEET 10°CORmAKIZTERE L,

9. {;7 PGC DA

- Ml BRI TR O TR

AT OB LHER (360~450°C - day) &, EEFEME FIZ Ty =y AP —2BLUE By
N FWCRRIEL , AEFEPER 2 H L7, Bz 50~130 tOAFEMRTIT, HF1E THRENLE
FIEIZED . BiE (12~36 R[] | BRORERL . PGC A& {o N —HifafRBiR 4 5 LT,
SAMIEAEIZLD PGC OBHH

AR OB RIS L FRE D F T, HTAE AT 10~17 fHD PGC %5 T IRk
BRI, =V~ AWML HEMR (32~35°C - day) DIEIEN~ERBFEL T, F7-, ;RIXEL T, B
SLEEAT > COROA R PGC %A FIEIZTRBEL 7=, TERLL7216 = (R RTER 110 B,

$HRRIX 90 B) 13 10°CORK TEHE L=,

10. AbY PGC BffifE EAFERDOaaf A AR —=F

EBEOEFERNIC. BHELEARNIO PGC IZH T DA FEMIANTEIE T AN ENE T 5T
DI, 1B EDEFERRDNE cDNA 58 RL . ZHEEHERIZ AN vasa BIn RIS IA4~—%H
VT RT-PCR #4777,

i EAFERR cDNA DERL
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B 1 y A% BEEERBEMET T Voo —2 Eriy M A0 THESIL, £5
MREH L7z (RS RTERX 32 B, SR 24 ), OB, 37 LD RNA D= #3%
B Tzbiz, AV =g B, S EEE MBS AT L ICER A RAICRE L, L2 ERE R,
T8 EZ 8T S0pD ISOGEN D AST=AIY 2—F vy T Fa—T I AfL, RIAT A X CREE
fEUTz, MR, T 2— 712 350ulD ISOGEN % LAV T v 7 XA A4~ 2 & CHE#k
BYRRSE T, 2OV U7 VinG | Bk 51T RNA i, 381U DNase (%1772, 1851
724 RNA %#$5%1L 1 First-Strand cDNA Synthesis Kit (GE Healthcare Life Science)Z H\ >, ¥
o7 aba— > TeDNAZE R LTz, Fio, BAE3 » A %, FERICL TE E0EHRE
IV Ut (FERTEIX 28 B, XHERIX 26 ), fEHI DR, AFER OB L BIZEL | JRERORF
M CTHDOTATEE T FEEIZE TS EOMEREAHIBIL 7, cDNA I3, BOHN722 RNA OO5 lug &
BRI TARLT,

RT-PCR

PCR [, B ELTZIE EAFEIR cDNA OFRK 1WA g#RleL | BB DOANY vasa BI5T5F
BT T4~ — (I/vasa-F1 BEL O vasa-R1) & 1uM Z iV 72 Ex Taq D% T, KOS TIT-o72
(PCR US4 M—8), Fi-. SR BEDEDISEL LT, AN - =V AFED fractin EIG 1T
DT 74~ — (RT-Actin F BEL U RT-Actin R; 7 I A4~——%&) ZH\ Ex Tag DFHZ T, XID
44T RT-PCR %4772 (PCR SUH e —5) . RT-PCR IZIDIR SN T BED SR8, A by
D vasa B TFIZHFTDLDO THOINEDEHER T DT2OIZ NURZEIVHL | Bk O T A

FOEHEEF| 2R E LT,
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R

1. AU} vasa Bl FDI/0—=U 7 BIV=UvR vasa BInFERA T 7A4A~—DIE

54

AVF vasa BLEFOTI/EEEREE 1989bp., 5> FEFNEREEL S9bp. BN 37 FEFNR FHik
684bp DIEEEFIZREL (K 3), ZDOAT T vasa Bl FOMERSILBEEMO=< R vasa
BB T O ERLS (Yoshizaki et al., 2000a) & L 7= L2 A FERHEREILE & O IS OH[F
PERE 92.2% ., FHRRAEIOMEIMEIL 93.4% Ch ol £, BONIEERIINOHEES DAY
F vasa BIaF O T /BEECHIIL 662 7T, DEAD Ry /A RNA ~Uh—BIZRES N 8 2
OBRBEREIEBFAEL, =V~ & vasa BIETFOT I /EREFIEOMFEINERL 91.9% Th-o7- (K 4,
5).

RIZ, AT T =V~ A D vasa BIFDOERZELEIT, =V~ A vasa B FOHEHERETS
INTT IS~ "R LT ([ 6; TIA~v——), ZOTTA— NP~ A vasa BRI
BY)THDLIEEMHERTH-OIZ, = U< RFRE cDNA BLOATUFIIE cDNA ZE81IZ,
RT-PCR %4707 ey AU 7 IREL cDNA £558 LUK THE, AURAMR SN A T8, =
U AFER cDNA ZEEELLL CHWERICBWTFEDA X (270bp) DN R &N 7z (K
TA) . PLEDRR, ZOT T4 —IE=U <R vasa BIRTFICFFRATHLENHILN 5T,
FI-, BT/ ADNA BRI PCR B To72L2A, =V~ AKEF5 ) 5 DNA B L TRV
TeKIZFN T, K 1.8kb DN ROSFEFR L2 (B 7B) . ZORERIT, 7/ b ED =V~ vasa &
BT TlX, 7 T4~ —FEH) CRRIMINAEFIHIZ 1500bp FREDOA LMy BFEEL TNDATIEE

ARLTWD,

2. :Vvﬁ%ﬁ%ﬁﬂ@%%ﬁabfz%?ﬂ‘éz@ﬂ%%xw—:‘/ﬂaizﬁizﬁa%it%%

BAET 2 2T, 40 BOARTE EDIS 10 BOBEEENKRALL, ZiLb 10 BOEFT /A
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DNA %882 Gp B FRHENT 74~ —%H\ T PCR A7V —=0 T E{Tol /R, 3 BO
TEFERETICHRT 57 /5 DNA R LT KIZB W T, Gfp BB TICRFRAYR /SRS R
SN (X 8A), HW\T, AT F =< RO vasa BAZTDEEEFHL TR —H AT
RO 3 FTREMN R EFERR T 272912, [AIL 10 BOFE 77 /L DNA 8L LT, gl D=
U~ R vasa BE TR RIYL T T A~ — (RT F6 BLRT RS; 7'FA4~——&)%fAL T PCR
AT o1z, TOFER. G B FREMNT 4~ —% A\ PCR TR S 3 BORE
-7/ 5 DNA 8RN W2 RIZEB W TEEED N R 3R HiE L2 (K 8B),
PCR TIHMED AR RHESNEERN BERICEER=U S A2 EH T 2003 E0E RS

D7D, Zhb 3 BDHE 2 BOBFE2H AR O RIAL S| REERBRETo72, £
DFEFR. %<D F1 1% 360~380°C-day THHLTAHEFE (T =) Tholold, ZOHIZ, 320~

340C-day THLTDERR=VANELNTZ (R,

3. A7 vasa BIF DI a—=0 T BEIOANY vasa BIn FRHEN T T4 ~—DIERK

AN vasa BT 0T /EEFIRR AR 1181bp, IOV 3 FERHERE O —IZAH Y 52 138bp
O FEEFNEZHRELZ (X 9), BoI-ANT vasa BIR T OB EE S =V~ vasa BIR
T O [F FEIR O M EEL S % LB LT R IR R A B Do S D FRRIMEI T 95% . BTRRBEI
OEFEEIX 96.3% ThoT-, Fio, BHNTZAN vasa BRI OE S 1 EE SN0 DHE
EENDTIEERFNIX 391 BETHY, AUF vasa BEFLFEE, DEAD Ry 7277 —0
RNA ~IH—RIZHEED 8 SORMAFEEPERSNZ(E 10), 7I/BRESI ORI, (h
0=V AT 95.4% ., AR ATV FRITIE 95.9% Th-72 (K 5),

ANT =D A D vasa BIEFDERALE, AT vasa EEFITERNTLDINTTT
A =B LT, ZOTTA<—0ART vasa BIE ISR THLI AR TH-HIZ, =
U ARER cDNA BL UM M7HESE cDNA £FFIC RT-PCR ZAT -T2 R, =2 AFEH cDNA

BRIV E TSV SN0 27205 AM7FEER cDNA 288U THWEXIZ
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BOTTESAX(199bp) DS R HEIN (K 11A), (7887 /1 DNA #85AUZ PCR L
TofE SR, £9 400bp DSV RABRHENTZZE0E (K 11B) . 7/ 5 DAY vasa Bfm1TCix, 7

T —CRBEINDEHIENTH 200bp DAL PO BIFETHEEZ DD,

4. /MY PGC ABME L=V v RAE EOEFER a0 A AR ) —=

fig EARM AT E LT RT-PCR OFE R, BAERFX, MREOW KIZRWT, AN vasa &
B EAYR 199bp DAV RS (K 12, & 2), BONTZAURBA N D vasa B
FERGFRELUTHIRLZ DNA W ThOZ LA T DDIZ IEEIFED S REEYHL IR
HEEFNEF T2, FOFER. 20 DNA B i OB EE ST, B —TH DA vasa BEFOHE

ERLFIE—EL T2 (B 13),
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%

plis

F2ETL ETAVTBLUAN D vasa BT OE 3 EERFIZRELE, ZhbEEEm
D=V Avasa BAGF ORFEEFE R U R, JERICEVRERMESZED LN, T2, B
NIERBLFINOHEESNIZ T B O 1k EES | 3 AR CHEIMEIER 1I2E< DEAD Ry
JAT 7Y —RNA ~IA—EORETHD 8 SDOEIEE (Linder et al., 1989; Pause et al.,
1992; Yoshizaki et al., 2000a) 23380 HALTZZ &M 5, BLN B FIE, BHE VR4 T T, Ak
U D vasa BIGTF ThHHEZZ DIV, LIURNG, IR, 7IBESIEL, AT —=U~
A OMEMED AN — =V~ A ORIV ENEVIFER DGO, ZhUE, AT —
=V AW T vasa BEF 7/ FRELSN O N RIBHOFE FRMEAMENZEICER 35L& 2615,
KEBRTHBOLNIAT T vasa BIGTF DT I BELS| &=V~ A vasa BAE T OT I BEEFZ Ll
THE, =V A vasa BARTTIX N RO 16 FRIENSKEL OV, BT F7 0932 TiE, 2
DDTN—T 0 vasa BIGF DEBEZHEL THY, Yoon 5 (19971716 FHEDT I /Bk=a—N
FHEF., Olsen 5 (1997) X &0 N Ry 16 FREE VY 700 Feir o — N3 5E5 %5
HLTWD, o, 74T T T, 2 20 isoform (long form: 601 F&Es, short form: 577 FH) 23
WESHTED, short form O N RIENZ KD FRD HFLTVS (Kobayashi et al., 2002) , 2415
DEENL, KEBTELNIZAVT vasa BIEFIE long form THY, Yoshizaki 5 (2000a) 73E
BEL 72 =~ R vasa B A5 T-1X short form Th D RIBEMED RIRSILD, — 7. AN vasa BIZTO
HABECIE, BURRGEIL D 3o A% BHEEL | 7 EEBLF O N R HIZ 2 — 325 Sl OE S % B
BEL Qe FIER GBI D 3°{A1IZIE Vasa 72 T OB REIC EE R R AF SN BN Z<FET
Bl =< A vasa AR T LR U BRI RIS SR T2 EF 261D,

T, BN B AR OLREL L, PP —AE (=U~A BEOAMN) O vasa Bis
TR RIRT T A~ —%AER LTz, RT-PCR OfER, N —REDEFENR cDNA Z8F31E L1z

XTCOH, TR AXDNARBREIN2ZENE ZOT T4~ ==V 7 RHDHVNIA T D
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vasa B TFICRERI THOTLPHER SN, KER TERLIZ= U~ REAMT DT T4~ —IT
EHoY vasa BIETOFRRBEROFREIALEL VS (X 3, 6, 9), B, EEEEFAO
DNA Z843, FIRREEE LD SERIER I Z<HFEL T, RERIZEWTH, K3 BLUE

WCRONDIDIZ, ZAUIFEFEREEICZ RO LTz, L Leny b, ZOIEFIREm O %7
ERAL T T4~ —ZAE L., F T — ORI E AT A M —afEE RIS
BHETBZENTERD T, £ ATVF -2V < 2B W T, BRIy Hrikhs
L DEFINRD ST ZOREBIZ =< R vasa BIEFITERINIRD L2V D00
TIA—TARRR LR, INHHHR L2 THO=D v R TAZ LT TER -7 (TR
ERAER), B O FEFEREECHREE THHERMERSEY S ERIE VIR ORI,
Vasa #2737 B OBSRRICK ESEEBLRRW 20 | RN THEENEBESNLT 0O TRV
EEZ NS, LT2h> T, 5%, PGC ODBEIZR T vasa BT OZREFHL TR —H3Ek
EFEA AR N T %A TR - ENA @ TR & OEIEREE O 3 ANFET 52 80%
FIAL T IA~— %R T DL ERHDHIZAD,

=V ZIE B OBEER TIL. N —I2 pvasa-Gfp =~ AL & AW-ZL12d, 81
BELRIRIC, G BETIRRN2 T I~ —2 AN TAU T EEOBRPIZ=U v A%
BT DI TEIZ, LinL, IR OIS, Bia T B L RSP FELRVIEREEATESS
FIEARETIL. ZOFEEANDIENTER, RERTIE, =V <R vasa BRETRENTT

A=—"HWBIET, Gfp BETFRENT 74~ —% Az PCR EE-TKFRILHKEREH
WCE (K 8), ZORRIL, BEEFHEBRI AP FELR2VWAREL N —ICHWEEIZE
WTh, R —RfELE LAEONTEYE vasa BT ORERBZEEFATLIET, R —Hi%
FBEFORHENTEETHLIEEREL TND, Fio, BEALTZIERE 080 7-01% VT Fl
HAREVERL ., F1 E{EDS /5 DNA 285RUZ[E#RO PCR 217218, R —HSROINBH/LN
eI DV THHER N FIEETH A,

ANTHERF—E LB ER TR B EERBOAT) =0 VT ORER . BiEE 1 » ALV

62



34 A HO=U~ 275 EAFERRPIZA R O vasa mRNA EEL TWAZ LRS- (X 12,
13) ZOFERIT BHLIZARY D PGC 25,3 » A HHESN DI Lo =V~ AE EOATER
PIZEZFL TW2E WO ZEERLTND, ZOZEDS, R —FOD vasa G FIH BRI T T4
V=% AWT, FEEAEFE cDNA %855 RT-PCR 217528 T, 18 TSR 2 LIRNC, BHED
B Z TR FIRE CHOZ LN AL 2o T, M TIL, lEBVCERE BT 2RFENR 72700,
ARERTHEALL, =V~ ARAT T O%E | A ATIIRBCRKE 1 £ ARTI 2 E5ET D,
APVIISHIZEL T AT 345, ARXTIE5-6 $75:4Z\£}:7§”5 UIFT, 1996), LI=23>T, FEED
RRE R PICB O R T 2R T DA 1R, @GR R OFEELRVERAIRA
R HATEIZBN T PGC DBEZITIIA CIHBITEDRFRERDTEAD,

T HRRFLIZANY O PGC A BAE L7278 EOAFERRIZ IV T, AN vasa BIE T OFME
DRERENT=ZEM D, =D~ A% AV TRENLL 72 PGC OEFERTFE T EN, ERAEARE THD
AT D PGC DIRIFICH AR THHI LD L2 o7, ARFER T, ALiFE RENOHEIN
TeRFEA N BB L LT, RERD AL, R 15 FIZREE DL YR 7 —47 7 THEmk
fEE IBIFEESN-ARETHD BREE, 2003) . L723> T, Ah7 D PGC BEFRHBRFFIAETH
STZEVHFE BLO, BBELIZAN PGC 2=V v AE EOATERICRVIAEE LN TE
EVOEEIT | ECHLCTEMERERBEORFIZE N THLIT LRI L T,
PIrROAE T, BEOEEITENEIHILOO, BEMIZB O THOIROFESF O AR
KO ITHELL CD, AEBR TR, =V~ AOATEREHHE S FABROFIETI T OL
FEMEE A T DZENFRE TH o7, EHIT. ¥~ A(Oncorhynchus masou) BELT7 777
v (Salmo trutta) I8V Th, FARIZL T, EFEREEOM L . PGC OBENTHETHD
(Yoshizaki et al., 2005), L7=23>7C, 8 1 ECHENL LT PGC DOEFEHRIFFIEIL, A by LIS D
TR OMBEICHLFEISFRELE A HND,

AEERTIL, vasa Bz FOEM LR ZHA LT FEB R R R — AR O H

PRS-, ATEME TERIZREL TWAELEFIZIE vasa EEF UUATE | Nanos
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(Koprunner et al., 2001) . dead end (Weidinger et al., 2003) | cxcr4 (Knaut et al., 2003) | Ziwi
(Tan et al., 2002) . Reili (REF, 2004) | scp3 (FHF, 2004) . shippol (KB, 2004) 7 E S ESHLT
W5, LinL, ZNHDBIE T3, BEBHDSRFEDOME, I3 EERICRESN TD, — 77,
vasa BARTIX. EFEHEO S EBRRICB W CHERICRVERBER LT TRY, 3—ry X7 T
T FUANDOETOAEFEMIL TETDRENEHEINL TS (Xu et al, 2005), L7h3> T,
vasa BETOLRERMETL7HEIL, B ZAEFEBENIFEET O T —HROBF LS 02T
DEFEMEERHFTRETHH LI AT, IEFITHEN R FIELNZ D LD LRDD, vasa BT
DRBARHET D720 T, R —OAFEMIL S £ O EFERRN TREN D REITV . HEEERR
BB T~ Db ED TWADENEMBIEILTERN, 551X, vasa BIE 72T TRL,
scp3 BET B D E~——) = shippol BaT (BRI VEF~v—0—) 728 BED
AFERIIRRE REVE G FORBEKR N TH2E T, R —RREFEMIEO 52 OWTHHERR
DUERHDHIESY, £ MERAIEAECEERED PGC OEMBRETDIRIC, £MkEEE
RIETHZLMZ T, K — A, TEEAFED vasa., scp3. shippol G T-OHERF% AF

LTHRLIET, BHEEON T — LRI DB RS 20 BTSN,
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XD

1. PGC OEERBMEIZRITATE EATERNOE FB IO E s OEEA

4 2.

4 3.

X 4.

F1 ().

A) AR NORET, BEOAEFERAICIE, 18X B & OAEFEMEBS L OEMEIZ, K
F—OATERRRL A NRIEL CODFREENZ 2 5D, B) B LB LU T — 04
FEARAR (R OB, ATEM I - (IR S | 18 ELR T — ORI TR R Z1T720,
BB CNLBEFORBREITAFMIAL A TR DD HD, C) LM T
AYIZFEEL T vasa BE T mRNA OF AT ORI, FEBT5EEFIZFET TS,
Z ORI ICL o TRy (ZB8) BEET D R N —HREDL D
I PCR T T A —%5AER T % (RHD) . D) 18 E AR cDNA A 85702 R — A FE vasa
BEFHENT T ~— (KA ZFAWT RT-PCR 4T85 4 OWRENE (X)L —
Y N:SDW (RHF a7 avba—u) PN —REAFER cDNA (R 747 aha—) |
| —4:FE AR cDNA ZEERILLU-X, SRS S N-18 EOAETBICIER T —H
ROAFEBIADETEL TNDHEB X LNDHRR),

vasa BIG 1 O BB 7 T A~ — 3R FHBAL L BN T

A) =V A vasa BIGF0HFHEND cDNA O (ER Y7 R) . B) AU T vasa Eix
Fo CO) AT vasa BisT-. B EERFIZRELUEL, &Ry oA 7 I 10~ —&5&E
L7=fEH, FH% RT-PCR I[ZLVHEIEX{L7- DNA WA,

AT ) vasa BAGFDHE LB,
PR T BRENERAB L 1989bp, 7 5 FEFIERAEIK S9bp 33 LU 3" IERNARFEIK 684bp, FH
K =< Avasa B F- DL, FTHIT=V <R vasa BEFRHERERNT 74~ —%VERK

L 7= SR D FE R EL S,

AT} vasa B+ DET I/ BEECS.
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662 FF O HF|Z RNA ~U A —E 238D DEAD R 7 A ATP-A. ATP-B ©F —7 %55 ¢

8 DDARIEREIR RF) DMRESN WD,

X5. VasaB#E{n 07 B R FoR.

Vasa: 7 (Komiya and Tanigawa, 1995) . =77 & (Fujiwara et al., 1994) . &b (Castrillon
et al., 2000) , B/ A (Komiya et al., 1994) ., 77 (Xu et al., 2005) . 7571 = (Olsen
et al., 1997, Yoon et al., 1997) . A% 7 (Shinomiya et al, 2000) . 7%= (AB098252) , =%
A (Yoshizaki et al., 2000a) , 7+ 7t"7 (Kobayashi et al., 2002) . =Y~V (Tsunekawa et al.,
2000) . &1z (Nakano, 1999), /~= (Hay et al., 1988; Lasko and Ashburner, 1988) ., Glh
(Germ Line Helicase) : &2 F =77 (Roussell and Bennet, 1993), PI10: <77 % (Leroy et
al., 1989), €7 771w 2 (Olsen et al., 1997), AHEMIZEFP68 (X52104) 2 &1T,

UPGMAEIZLOER LT,

6. A7 FvasaiBin F R o EE T (FFR) Lo~ Zvasaig o T (BB) OFR RISEE O H#k,

4 8.

KITHERIBEEARL QWD ZOHEIZID WIS O R4S (R 12, =P~ &

vasaB G F D LA HEIE T DL PCR T FA~—ZFRE LTZ (BRI R),

. =V A vasa BB RAT T A~—%HZ PCR.

A) ETERE cDNA Z#58LL7= RI-PCR, L'—> N:SDW & forward/reverse [~ —
(AT 4T avba—) 1 =< 28R cDNA&forward/reverse 77 A~—, 2: =
< AFEH cDNA&forward 77 A <—Ddr, 3: =7 AKEH cDNA&reverse 774~ —D
Fr, 4: ATV TIIEL ¢cDNA & forward/reverse @7 7(~—, B) #5175 /. DNA &AL
72PCR, L —YN:SDW (RXHT 17 arba—/), 1-2: AU FkEF5 /ADNA, 3-4: =2

< 2FET-F ) DNA,

AV FIEERETY /2 DNA 2855 L7~ PCR.

A) G B4R T T (~—%fA\ 72 PCR, B) =V ¥R vasa BI5 FRENT T~ —
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ZF\ /= PCR, L'— N1:SDW (R T 47 arbm— v) N2: AT T ¥5F-4" /2 DNA (%
Hra7arba—i) PLAUTEETF7 /. DNA: =< REF4 /A DNA=0:1, P2: 1
TTHET7 /L DNA: =V~ AT JADNA=10:1, P3: AU T K T+5 /ADNA: =V~
Z¥EFT /5 DNA=100:1, I-7T:FEHE 77 /L DNA, C) =V~ R AT F{ZILED

B-Actin B TR T T~ —% /= PCR, $FENE—THHZ LD biND,

9. AN vasa AR T DRI EEAES.
IRF: T BERRR IR O 2 EEF 1181bp, BT 3 IEFHRR B OE 43 ELFY 138bp, F AR
T =V Rvasa BETFEDEZAL, BRI R ANT vasa BIGTRFEN T T4~ —%1E

B U7~ fE I,

10. AN vasa B=FOEH LTI/ BEELS.
RNA ~U B — P 24380 DEAD Ry 7 A, ATP-A, ATP-B &F — 7% & Tp § DOIRIFFEE

(FF) BMRFSNTOD,

11. AN vasa BinTFFFET T (~—% - PCR #EE.
A)L— N:SDW&forward/reverse [/ 74~ — (XA T47 abm—/L)  1: =V RE
B cDNA & forward/reverse & 77— 2: A N7 F5 8 ¢cDNA &forward/reverse #7714~
—. 3: /M7 FEE cDNA &forward 7T 4~ —D 7, 4: A MIFEE cDNA &reverse 77 A~ —
DH, B)L—2 M:Molecular Weight Marker, N:SDW (RH 747 2 ha—/L) | 1: A 7

FEEL cDNA, 2: A ~IfES J A DNA, 3: =< AR E cDNA ., 4: =< A%EF4 /A DNA,

12. HFEA LY PGC B Oan A A7) —= 0 THER.
A) AT vasa BIFHRENT I 4~—% 7 RI-PCR, L' —2 NI1: SDW(FH 772
R L) (N2 U AEH cDNA, P ANUREEE cDNA, 1 —14: BAEA MY PGC %
BT =U < A E £ (% 3 7 ) OAFER cDNA,

B) by =< AMFEIZSEO B -Actin BR TR T T A4~—% A\ 7= RT-PCR £,
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R BEDZELRLTVD,

13. BN PGC 2 LT AT ¢DNA 285510 L7z RT-PCR THELIVZ/SU RO 3L
B
12 OfEE No.9 THEFRIIL7= DNA K77 (199bp) 28IV L, IEREFIZIRELT-, B
FAN = O REBES, FF AN RERAE, ALY =D RER R AR EL T,

15 £ No.9 DEEFRFNIA T D vasa Bix DRSS —H L T 5,
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TIA=—EY —&

V=2 (dT):
vasa-F1:
vasa-R2a:
RTvasa3’UTR F:
Vect-AP1:
Vect-AP2:

vasa common Fw:
vasa common Rv:
GSP1:

GSP2:

Universal Primer A Mix long (UPM):

5’-CTGATCTAGAGGTACCGGATCC(T)x18-3

5’-ATGGCNTGYGCNCARACNG-3’

5’-CCDATYCTRGNACRTAYTC-3’

5’-TGGGAGTGATGATGCACATCTACATA-3’

5’-CCATCCTAATACGACTCACTATAGGGC-3’

5’-CTATAGGGCACGCGTGGT-3’

5’-ACAACATTGATGAGTACGTCCACC-3’

5’-ATGTAGATGTGCATCATCACTCCCA-3’

5’-ATCAGCTGCTGCAGGATGGGCAGTA-3’

5’- ATGCAGCCGTTTTCCCAGATCCAGT-3’

5'-CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT-3'

Nested Universal Primer A (NUP):
LA ARERE SO P universal primer:
U AR RS reverse primer:
RT Fé6:

RT RS:

I/vasa-F1:

I/vasa-R1:

GFP-FW:

GFP-RV:

RT-actin F:

RT-actin R:

74

5S-AAGCAGTGGTATCAACGCAGAGT-3'

5’-GTTTTCCCAGTCACGACGTTGTA-3’

S’-GGAATTGTGAGCGGATACA-3’

5’-TCTTGGTCGATGTCAGCGGC-3°

5’-GGATCTCGCTGAACTGACTA-3’

5’-TCAGCTACTGGAGGTCCTCAAGACC-3’

5’-CACCAGGACAGGACACTTTCCT-3’

5’-GACGTAAACGGCCACAAGT-3’

5’-TCCAGCAGGACCATGTGAAT-3’

5’-ACTACCTGATGAAGATCCTG-3’

S™-TTGCTGATCCACATCTGTTG -3’



vasa B FW A
I. DNAKA D
II. DNAKA®

. DNAKTH®

IV. DNAWH @

V. DNAKF@

HEEEBLS DT E

VI BSOS

771~ —HEF PCR
VIl =~ X% cDNA -
V. =< A4 2 DNA

X. 1k

A
X . EGFP

X1. p-actin

PCR FUnEM —&

94°C:3 43— (94°C:30 ¥ —356°C:30 B —72°C:60 #) X35—72°C:4 &>
94°C:3 43— (94°C:30 B —61°C:30 # —72°C:60 #) X35—72C:4 4>

94°C:3 43 — (94°C:30 #>—62°C:30 #»—72°C:60 #5) X35—72°C:4 43

94°C:10 4y — (94°C:30 F)—72°C:60 #0) X 5— (94°C:30 #>—70°C:6 #)

X5—(94C:30 B —63T:30 #—72C:180 ) x25—72C:4 5

94°C:3 43— (94°C:30 0 —68°C:30 # —72°C: 120 ) X25—72C:4 43

95°C:2 4y — (95°C:30 b — 60°C:30 ¥ —72°C:80 ) X35

94°C:3 43 — (94°C:30 B> —64°C:30 > —72°C:30 7)) X35—72°C:4 4y
94°C:3 43— (94°C:30 B —64°C:30 F»—72°C:180 ) X35—72°C:4 43

94°C:3 53— (94°C:30 ¥ —62°C:30 0 —72°C:30 #) X35—72°C:4 %>

94°C:3 45 — (94°C:30 b —64°C:30 F—72°C:30 ) X35—72°C:4 43

94°C:3 43— (94°C:30 B —60°C:30 F0—72°C:30 #D) X 35—72°C:4 4y
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#£ 1. =V~ AR EMEEBRELAV T B XORERBRE R

{53 No. EE=U<2AF B 2 F BRI
2 60/ 1921
4 200/ 1863
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A7 PGC BHLTE E4EFEIRD RT-PCR AV —=" T §ER

PCR Gt1E E R AR

EBRX BHE% 1 2 H A% 3 » A

XF R X 2/24 2/26 ("2 &)

HAERFEX 2/34 3/28 (3 )
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X1

T A e
<3Cépo§;§£§%?

R —AFE A R — it

B
B EAEAR 15 R4 Rr—AFEME N —AkR
w— A TERIR - SHIBR OO 5 CTRBL T HEFOmRNA B Factin
L CTOAFEE T HEMLTFOmMRNA H#i: vasa
C T8 E AT Dvasa mRNA R —£fFEDvasa mRNA
—
-+« «QGAGATGGTTAAT = = = *GGAGAAGGTTAAT
ACTAGTAGTATTCACGG ACTACTAGTATTCACGG
TGACCGTAAGG = * === TGACCGTGAGG= ==~~~
&
D
N P 1 2 3 4
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7

No.9

14k
—UTR

No.9

A1k
—UTR

No.9
i
—UTR

No.9
Ak
—UTR

No.9

A1+
=URR

TCAGCTACTGGAGGTCCTCAAGACCACAGGGTCTGAACGCACAA
TCAGCTACTGGAGGTCCTCAAGACCACAGGGTCTGAACGCACAA
CCAACTACTGGAGGTCCTGAAGACTACAGGGTCTGAACGCACAA

TGGTCTTTGTGGAAACCAAGAGGCAGGCTGACTTTATCGCAACG
TGGTCTTTGTGGAAACCAAGAGGCAGGCTGACTTTATCGCAACG
TGGTCTTTGTGGAAACCAAGAGGCAGGCTGACTTTATAGCAACG

TTCCTGTGTCAGGAGAAGGTTAATACTACTAGTATTCACGGTGA
TTCCTGTGTCAGGAGAAGGTTAATACTACTAGTATTCACGGTGA
TTCCTGTGTCGGGAGAAGGTTAATACTACTAGTATTCACGGTGA

CCGTGAGCAGAGGGGGCGTGAACAGGCGCTCGGTGACTTCCGCT
CCGTGAGCAGAGGGAGCGTGAACAGGCGCTCGGTGACTTCCGCT
CCGTGAGCAGAGGGAGCGTGAACAGGCGCTCGGCGACTTCCGCT

CAGGAAAGTGTCCTGTCCTGGTG
CAGGAAAGTGTCCTGTCCTGGTG
CCGGAAGGTGTCCTGTCCTGGTG
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F1ETHE, £7. =V~ R PGC DEFERFHIELHL LT, HmTh~-L51,
IHE THREICSWTIL, MBI UOROERBRGTEPHL STV ARN-oT22dic, &
REEFER (I Far MY 7 DNA) ORERRAREL STz, L, Ji~053k
BEZ A L1z PGC #HMERGFT D2 LI0L o, BCHR T 2BEFEEOLLR LT, &
FREBETEROERENTREL 2572, WolmA—196CIHRAF LI, FEEMIZEL
LRWE SN TR Y, EEIZ, EOROHERBRETIL, 11 FRERAE LD b IEF 2 EE
EEATDH I IR LTS, (Forgaty et al,, 2000), L7203 -» T, fAEOERLG FEREY
PGC & L THEBERFET AL T, /& RTF 2a—T7OF T, ZHTELIL, LrbEHRMR
T D VAT AL LTz, ZHE TIRBARAESCEMICBIT 2ERREOREIL. @
EOHRIZL > TIORTE R, LirL, ZRHL0AESRERKOEEFERY PGC & L
THRAFTIR, BEEROHERFCLERTT ), B, A=, a2 hEREHNETE A7
FTh, BRCHABTEEOEHOERT S Z L b EEEICAe D L HIfF SN D,

< ERTIT, WRERIELT PGC %, LA L CHEERZINC LS, Bbhk
EFRERET LB LRy, AN EZAR LI EFE 2R EFHT 22 L1
FREI LTz, Zhic kY, EEEERGE L PGC MERICEBRTFEETH D Z L REFES T,
BT, IR OERRTEFIEDEYL SN TWehol-dis, EEETEHWT, &
MRAED L S R FEIZLY . EERZHEET ZRELD R I TE 2 (Scheerer et al.,
1996; Scheerer et al., 1991; Babiak et al., 2002), L7>L. i PGC H HHEEERI R IRD/EH A
AREIC R 2T Z L kY| EREEFEHWT, BEOZBIZIVERZHET D Z LN
BEL Mo te, ZOX I ICEHBRE LEEE, ORI EAE LD 2AEEREEHLEZO
X, SENHERTIILDTORETH 5.

RS RLIR U2 TE D DEE O BN A2 T, fBROEBIEATHREFT2H6W
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DEOEAHRETHRET NI RRILENTND, BEIIBWTHL, dHOWIEFED
PGC #RIFT 2 PGC N7 B TENIE, k. HOBEIMBEL TLE-7L LTH,
HAE PGC ZiEOBEEN L THOLEDLZ LN TEETHSH, AEIZBNT, V7
BRORER (=V<2 -=2U<R) BLUOHEM (=Y~A2-4UF A by -=
R) THFHEOBHENRFRE TH -T2 b, SERE LI FER IR EomFEIC
IGRTRETH D Z LR SN, Ll SHBAED PGC N7 2 EBIE 572D
X, EIROFERT I RUN QBRI G ES FIRENS N ERIET DLERDH 5,

PGC D#MEE % OARBIEAT 2720103, B HERx 2AVTIC, BREOKRE %
WRTHAFEPLETh -7, TITC, F 2 BT, vasa BETOEMEEEZFIA LT,
FEER T Z N — e 2 TR O FIEE L LT, AR, B HR
b OWEESNEZFAT 2720, EOX ) AR, RWICLELFATEETH Y, PGC BHEIZE
WCERICAEM R FIETH D, Lo T, PGC N7 BIERT DL, £AED PGC
EERERFT 2 SRS, vasa B F2EREL . BAIEREZEH L TBLELH D,

Vb, BEFFIZEWT, PGC 25 Lz - BB TFERRGFEFEERLTH L
MTE Tz, 4%, ABFRICEV TR L FERE < ORISR SN, BRaRaED
RE, BLOERRMOMRICEIRL TV ZEBRHRFEIND,

AREBRTEOLN-HEFEMOBBIIEA L TWIZIIELRAIEELLELEZ LN
5, RERTI, Vr/rBE2ETLE LTHWZEZD, B A AN 1ISmmBE L K&, &
TP O CRAH 72 & OIERIER BB SITAT ) T e N TE, L LB, £<
DORBOWZ, VrRoENE R NELSBEOEELENLOREZV, LB o T,
ERT 2EBOPMRA, FIZ PGC OFRAEIIZOWTEINIANDILERH D2A I,
F7. PGC IOl TH D (~100/FFLEE, Braat et al., 1999), % Z T, PGC % in
mmﬁﬁﬁéﬁé:kﬁﬁ%ﬂﬁ\ﬁ%%%ﬁé%@?é:&ﬁﬁ%ﬂﬁéoé%m

vitro T PGC (B MM X 20 L 72 8RIC, EEICERTIUL, DIRMICEIERIRER R
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HEERT 2 ZEBAREICARD THA I, LER->T, 4%IL, PGC DEERFTIEEHES T
HZELEHERBETHD,

Fio, 0FE, BELN= U ARKBBORBEN LFF L -t = O~ A LHAD
fEREIC BT 2 Z ik, Fr—AfEMia GEESME) [Tk ol r. B
FUIIDOEHZ#HRE LT3 (BLEE, 2003; Okutsu et al., 2006), = OFERIL, HEDAFEIRA
\Z PGC L RIZFDRNZFFOMENFET 2 Z L E2RELTND, 52, RO,
AFERBEOBHEICHAES THO, H1ENOEZED FT—HRaNEE T 5729, PGC
DAFERREELR G, BEMES PGC ORA L LTHIATEEND LIy, HEOEE
REFIC OV TIE Cloud & (2003) RE L TWD0, MEBEORETRIEL, TOEEBHE
LTWA®, REIZENIEEOREMAN AR L TV D ELTIT RV, Lo T,

SRIT. BREMBOEERFRMFICOVTHEFE LB LTV LELRH DL EEZLND
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AR FDOZATR IV X OIERICHTZY | #IE T ERTHRE, THikE, BLOHKHAZIBY
LT RO R A M B IR F RO IR R FE AT S B BRI MR BRI | [ KRB AR
REBERSRERELIOEEHILEZEL BIPET,

e ERADOFTICRLE RO EE 2B o - B ERFEKE T — VR EE R H
—RRAT—a fBR BIRE . ZHROERE . EARB S EICRESET 2,

BB ROZITEID, SESERBHE CHEIS | @H 2V 20rR BiEt &
EPRRE £ KIRBIEE S KR EBRFNREOLREE, BT 4, FASMITONDRK
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