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Abstract

Production of xenogeneic gametes from large-bodiedimercially important marine species in

closely related smaller surrogates with short gatien times may enable rapid domestication of the

targeted species. In this study we aimed to prodiaeeetes of Japanese yellowt&ériola

quinqueradiata) using jack mackerelT¢achurus japonicus) as a surrogate with a smaller body size and

shorter maturation period. Donor spermatogonia veetkected from the testes of yellowtail males and

transferred into the peritoneal cavity of 10- arddhy-old jack mackerel larvae. Twenty days later,

59.5% of the recipients survived of which 88.2% lladhor-derived germ cells in their gonads. One

year later, genomic DNA templates were preparethftbe semen of 96 male recipients and subjected

to PCR analyses using primers specific for theoyelail vasa sequence, resulting in the detection of

positive signals in semen from two recipients. T collected from the recipients was used for

fertilization with yellowtail eggs. Of eight hatdhfys obtained from the crosses, two were confiritoed

be derived from donor yellowtail by DNA markersthadugh the others were gynogenetic diploids.

These findings indicate that it is possible to proel donor-derived sperm in xenogeneic recipienth wi

smaller body size and shorter generation time aggplanting spermatogonia. Thus, the xenogeneic

transplantation of spermatogonia might be a poéndiol to produce gametes of large-bodied,

commercially important fish although the efficienaf/the method requires further improvement. This

is the first report demonstrating that donor-dedigperm could be produced in xenogeneic recipient

via spermatogonial transplantation in carangiddish
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Introduction

Japanese yellowtaiferiola quinqueradiata (YT) is the most commonly cultivated fish in Japan; its

annual production during 2012 was approximately,286 metric tons, constituting about 64% of the

total yearly farmed marine fish production in Jag@umltured Aquatic Species Information Programme

2005; FishStat database 2015). Although mass productidratchery-reared juveniles is indispensable

for the establishment of an efficient and sustai@afl aquaculture system, the commercial

aquaculture remains largely reliant on wild-caugivieniles (Hamada and Mushiake 2Q0&Gkada

2008). One of the major problems is that collectijagnetes from YT broodstock requires much space,

time, cost, and labor. The candidate individualepwubsequent to being raised up to 5-10 kg body

weight after 3-5 years in sea cages, are inducé&®+d 00 terrestrially based tanks for several menth

for maturation by manipulating the day length aratev temperature, followed by hormonal treatment

(Mushiake et al1998; Chuda et al. 2005; Hamada and Mushiake 2006). Thus, the handling of YT

broodstock of during each step such as anesthgtiaidministrating hormones, and collecting gametes

by the abdominal pressure is very laborious. Theaidication of surrogate broodstock of smaller pod

size and shorter generation time for the productib¥T gametes could facilitate easier and faster

production of hatchery-reared juveniles of thissps.
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Okutsu et al(2007; 2008a) demonstrated that xenogeneic transplantatiogaiobow trout

(Oncorhynchus mykiss) spermatogonia into the peritoneal cavity of maalmon Oncorhynchus

masou) hatchlings resulted in surrogate salmon parerds produced donor-derived trout sperm and

eggs. Using this approach, spermatogonia were aelefrom donor fish and transplanted into the

peritoneal cavity of recipient larvae. The transyéal trout spermatogonia migrated by chemotaxis

toward the gonadal anlagen of the recipient salnmo, which they were subsequently incorporated.

Once incorporated into the recipient gonads, theodespermatogonia can propagate and differentiate

to produce functional gametes. Consequently, fometi eggs as well as sperm can be produced

because donor spermatogonia have been shown toatitiate into gametes according to the sex of the

recipients (Okutsu et al. 2006). Therefore, by mgtiecipient males and females, donor-derived

offspring can be produced.

In this study, we selected the jack mackeTeachurus japonicas (JM) as the surrogate species for

the production of YT gametes because of its sugtdbatures, such as a smaller body size and shorter

generation time than YT. Age and size at first midguwf JM under cultured conditions was reported t

be 1 year and <70-g body weight (Ochiai 1983). $hmall size of this species makes it possible to

maintain the broodstock for the induction of matioa in approximately 3-kL tanks, which is

remarkably smaller than the tanks used for ¥laguda 2006; Nyuji et al. 2013). In addition, all

handling for the JM broodstock is expected to b&exathan that of YT. Furthermore, hatchery

production of the JM juveniles has already beenldithed since the early 1980s (Oka and Mori 2006).

A stable supply of newly hatched larvae is veryatageous introducing the technique of
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intraperitoneal transplantation of spermatogoniaaly, JM and YT both belong to the Carangidae

family. Previously, Higuchi et al. (2011) attemptiedproduce YT gametes of in a smaller surrogate

Nibe croaker ibea mitsukurii) via spermatogonial transplantation. However, g@sef the donor YT

were not produced in spite of the successful caatidn of intraperitoneally transplanted

spermatogonia into the recipient gonad. It was sgtgd that Nibe croaker, family Sciaenidae, was

genetically too distant from YT to produce gametéshis species. On the other hand, Okutsu et al.

(2008b) reported that surrogate Ch&alyelinus leucomaenis) produced sperm of the donor rainbow

trout. In this case, both the donor and recipieribbged to the same family, Salmonidae, suggesting

that intrafamily transplantation of spermatogongalld work more successfully than interfamily

transplantation. Therefore, in this study, we ain®eg@roduce YT gametes using JM as surrogate

broodstock.

Materials and M ethods

Larval rearing

All experiments were conducted in accordance with Guide for the Care and Use of Laboratory

Animals from Tokyo University of Marine Science ahelchnology.

JM larvae and juveniles were produced at Oita neahiimlogical technology center of Nippon

Suisan Kaisha, Ltd., Oita Prefecture, Japan betwgei and June, corresponding to the spawning

season of JM (Masud®06; Nyuji et al. 2013). Adult fish of IM were caught by hook and liner

the Saiki Bay (Oita, Japan) and transferred to drdoor tanks at Oita marine biological technology



98 center. The body weight [average + standard erfoh® mean (SEM)] of the broodstock fish was

99 204.8 £13.0 g (n = 10). Females with oocytes tixate more than 480m in diameter and spermiated

100 males were selected by biopsyd were injected with human chorionic gonadotropin (HCG;

101 Gonatropin, ASKA Pharmaceutical Co., Ltd., Tokyapdn) at a dose of 500 1U/kg to induce

102 ovulation and spermiation, respectively. Approxieiat36—38 h after hormone administration, eggs
103 and sperm were collected by applying gentle pressuthe abdomen of the fish and were used for
104 insemination. After insemination, approximately Q@0 eggs were transferred to a 100-L

105 polycarbonate tank and incubated at 19 + 1°C weéhtlp aeration. Feeding of the larvae began 2 days

106 post-hatching (dph). Rotifer&(achionus rotundiformis) fed with phytoplanktonGhlorella sp.;

107 Super Fresh Chlorella-V12, Chlorella Industry Add., Tokyo, Japan) were added to the tank twice

108 daily, and the densities of the rotifers alorella sp. in the fish tank were maintained at 10-20

109 individuals/mL and 5 x 10cells/mL, respectively. Nauplii of brine shrimAr¢emia sp, Pacific

110 Trading Co., Ltd., Fukuoka, Japan) and an artifidiat (Otohime, Pacific Trading Co., Ltd.) were

111 provided from 20 and from 40 dph, respectively.iforease the n-3 fatty-acid concentration in the

112 live feed, the rotifers and brine shrimp were inatgd with Hyper Gloss (Marine Tech Co., Ltd.,

113 Aichi, Japan) and Super Marine Gloss (Marine Tecd3pectively. Fish was reared in 100-L tanks for

114 approximately 50 days, followed by transfer intd80tanks. Rearing water temperature was

115 maintained at 19 + 2°C.

116

117 Testicular cell transplantation
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The testicular cell suspension of YT was prepangthle procedure reported previously (Morita et al.

2012). To prepare YT testicular cells for transpdion, 13-month-old YT males (n = 2) were deeply

anesthetized with 2-phenoxyethanol (Wako Pure Chalindustries, Ltd., Osaka, Japan), and

sacrificed by decapitation. The average £+ SEM bwéjght and gonadosomatic index [GSI: (gonad

weight in g/body weight in g) x 100] were 962 * 2¢4nd 0.10 + 0.02%, respectively. The testes of

donor males were histologically analyzed followithg method previously reported (Morita et al.

2012). The donor cells were stained with the flsoent membrane dye PKH26 (Sigma-Aldrich Inc., St.

Louis, MO), as described previously (Takeuchi et2809), for tracing in the recipients after

transplantation. A 15-nL sample of a suspensiorntaiaing 20,000 testicular cells of YT was

transplanted into the peritoneal cavity of JM laawsing the method reported by Morita et al. (2012)

The transplantations were performed in recipientda at 10 and 12 dph with average + SEM total

lengths (n = 12) of 3.96 + 0.06 and 4.32 + 0.07 mespectively. After transplantation, the recipient

larvae were transferred to a 1-L recovery tanleéllivith seawater containing bovine serum albumin

(BSA; Cohn Fraction V, Wako) at a concentration of 0.1 g/L (Takeuchi et al. 2009), followed by

transfer into 100-L rearing tanks. The survivakraf the transplanted recipients at 20 days

post-transplantation (dpt) was calculated usingftlewing formula:

survival rate (%) = number of viable juveniles/nuaniof transplanted larvae x 100

Because transplantations were performed at 10 arbh of JM recipients, 20 dpt corresponded to 30

dph (n = 10) and 32 dph (n = 8)th average + SEM total lengths of 11.9 + 0.5 mmd 42.4 + 0.5 mm,

respectively.
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Fluorescent observation of donor-derived germ cellsin jack mackerel recipients

Genital ridges excised from juvenile recipients &vebserved under a BZ-9000 fluorescent microscope

(KEYENCE, Osaka, Japan) at 20 dpt to confirm theonmporation of PKH26-labeled donor germ cells.

The genital ridges with PKH26-labeled cells werghier subjected ton situ hybridization as

mentioned below.

In situ hybridization

The expressions of YT and J¥hsa were analyzed by in situ hybridization (ISH) osstie sections

or excised genital ridges. The 441-bp Yasa cDNA fragment (nucleotides 1968—-2403; apcession

no. GU596411) and the 572-bp Jdsa cDNA fragment (nucleotides 1-572 ;byzcession no.

LC027530) were used as templates for the syntledsamtisense RNA probes. The ISH was performed

as described previously by Sawatari et al. (2007).

PCR detection of donor-derived cellsin recipient gonads

After 9 months of rearing, 14 females (body weid8:8 + 6.5¢; fork length: 16.4 + 0.3cm; and

GSI: 0.35 + 0.02%) and 14 males (body weight: ¥57.1 g; fork length: 16.3 + 0.3cm; and GSI: 0.66

+ 0.02%) were sacrificed and gonads were colledte@ddition, ovaries were collected from

12-month-old female recipients (body weight: 166.8.0 g; fork length: 18.9 + 0.2cm; and GSI: 3.68

+ 0.23% n = 83). A portion of each gonad was preserved &°€8for reverse transcription polymerase
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chain reaction (RTRCR) analysis; the remaining portion was fixed with Bouin’s fixativerfin situ

hybridization. For RT-PCR analysis, gonads were dgemized, and total RNA was extracted using

RNAiso Plus reagent (Takara Bio Inc., Shiga, Jap@me microgram of isolated RNA was used to

synthesize first-strand cDNA using the Transcrigtdgh Fidelity cDNA Synthesis Kit (Roche

Diagnostics GmbH, Mannheim, Germany). To amplifg 8567-bp fragment of YVasa cDNA

(nucleotides 1,932-2,28#; accession no. GU596411), specific PCR primers were designed (Fw:

5-CTC CTG GTT AGA GGA GTG T-3Rv: 5-CAT CTC ACT TGACTT TTC ACC-3. The DNA

fragments were amplified using Ampéig Gold (Thermo Fisher Scientific Inc., Waltham, MAhe

RT-PCR conditions comprised 10 minTdq polymerase activation at 9@; followed by 35 cycles of

PCR at 94°C for 20 s (denaturation), 58°C for J@rmealing), and 72 for 30 s (extension); followed

by the final elongation step of 72°C for 15 min.eTbther primer set (Fw:HAT TCT GCG AAT GAT

AGC TCA GGAA-3; Rv: 5-TTT CAC TAA CTC CAT CGT CTC CAT C-3 specific for the 277-bp

fragment of JMvasa cDNA (nucleotides 102—378p; accession no. AB362788) was used for RT-PCR

amplification as an internal control. PCR produstye electrophoresed on a 1.5% agarose gel. The

remaining gonads were used farsitu hybridization (ISH) of tissue sections.

Parentage test

JM recipients transplanted with YT testicular cebsiched maturity in 1 year. Milt was collectednfro

96 male recipients (body weight: 161.7 + @;Sork length: 18.9+ 1.7 cm; data from 20 individuals).

DNA was extracted from 14 milt using the Gentra Puregene Cell Kit (Qiagemit¥, Diisseldorf,
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Germany) and subjected to PCR with ¥dsa- or JMvasa-specific primers. To investigate the

production of first filial (k) individuals from spermatozoa derived from doresticular cells, milt was

collected from the recipients within whom the Ydsa was detected and was used to fertilize eggs

from YT females. YT eggs were collected from femhiteodstock with an average + SEM body weight

of 9.5 + 0.1 kg (n=2) by the method described poagly (Morita et al. 2012). DNA samples were

extracted from Fhatchlings, the YT donors, JM recipients, andYAefemales that supplied gametes

for insemination. To examine the genetic relatiopgf the fish, DNA samples were further subjected

to PCR using primers for DNA microsatellite markefsYT (sequ-56, sequ-57, and sequ-Ohara et

al. 2003). The polymorphisms of the microsatelldei were analyzed by the procedure mentioned

previously (Morita et al. 2012). DNA samples froartae were subjected to PCR analyses using the

primers specific for genomic sequences of Jactin, JM g-actin, YT vasa, and JMvasa. The primer

sets used were as follows-=BGA TGA AGC CCA GAG CAA GAG A-3and 5-TGC TCAACT GTG

TGT ACAAGT AAG G-3 for YT p-actin (nucleotides 27—25Bp; accession no. LC025962) 5'-TGA

TGAAGC CCA GAG CAA GAG G-3and 5-TCT CAACTC TGT GCA AAG GGA ACA-3for IM

p-actin (nucleotides 27-258p; accession no. LC022768)'-TAG AGG AGT GTG TGT TCA GCG

GCT CA-3 and 5-TGA GGA CAG AGA TGA CAG AGT GAG GA-3for YT vasa (nucleotides 8-191

bp; accession no. LC025955), and'5CGG ACT CGA GGA AGG TAA CAA CAT GTC-3and 5-TGC

TGC TCT GTT TTT ATG TCG ATC GTG TA-3for JMvasa (nucleotides 68—22Bp; accession no.

LC025963). The PCR conditions compriskt] polymerase activation at 94°C for 3 mibllowed by

32 cycles of PCR at 94°C for 20 s,°62for 30 s, and 72°C for 30 s; followed by a final elongation step

10
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of 72°C for 15 min. TaKaR@aq (Takara Bio, Inc.) was used for the reaction.

Results

Transplantation of the yellowtail testicular cellsinto jack mackerel recipients

In the present study, we prepared the testiculdrsaspension from 1-year-old males before

puberty to efficiently collect type A spermatogonile only testicular cells capable of colonizing

recipient gonads (Yano et al. 2008). Although thegpession of spermatogenesis was observed in the

inner part of the donor testes, the peripheral patesticular lobules was rich in type A spermatoig

(Fig. 1a—c). Approximately TQesticular cells were collected from each 100-magfent of testis, and

labeled with PKH26 fluorescent dye. Using a fluaesst binocular microscope, approximately 20,000

donor cells were successfully transplanted intogbegtoneal cavity of approximately 40—-60 recipient

larvae in 1 h (Fig. 2a—c).

Incorporation of transplanted germ cellsinto recipient gonads

The JM recipients were reared for 20 days afterdpsantation, and the survival rates of the 10-dpt

12-dph transplanted recipients were 53.6% and 64r8%pectively (Table 1). Although the survival

rates of 10-dph- and 12-dph-transplanted group wexer than control groups, they were high enough

for practical applications. Genital ridges of tleeipients were excised and subjected to observdyon

fluorescence microscopy. Fluorescence-positivesogire detected in the genital ridges of transgléint

fish (Fig. 3a), but not in the gonads of non-trdasged fish (Fig. 3c). In the 10-dph group, eighten

11
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218 examined recipients (80.0%) had PKH-labeled celltheir genital ridges, whereas all observed

219 recipients had PKH-labeled cells in the 12-dph grd&e subsequently examined whether incorporated

220 PKH-positive cells had the molecular characterstt germ cells using the germ cell markasa. For

221 this purpose, we designed YT and ¥&&ka probes for ISH using the-8ntranslated region, which was

222 reported to be suitable for the species-specifabps (Yazawa et al. 2010). We confirmed that each

223 probe specifically hybridized to germ cells in YAidaJM testis, respectively, without cross

224 hybridization (Fig. 4a—d). In following ISH usinbe YT vasa probe, PKH26-labeled cells in recipient

225 gonads were confirmed to be germ cells derived ftbendonor (Fig. 3b), whereas no positive cells

226 were detected in gonads from non-transplanted(fsfp. 3d). These results demonstrated that donor

227 cells transplanted into the abdominal cavity of a@aneic recipients could be incorporated in genital

228 ridges.

229

230 Survival of donor-derived cellsin recipient gonads

231 Gonads from 9-month-old recipient fish were tedmdthe presence of the donor-derived germ cells by

232 RT-PCR using the YT-specificasa primers. As shown in Fig. 5, the Whsa cDNA fragment was

233 amplified in three of 28 gonads (10.7%). The PCRifee samples (numbers 3, 6, and 23) were all

234  from testes, whereas no signal was detected in lesnfippm ovaries. Frequencies of the

235 YT-vasa-positive specimens from males were 21.4% (thre®49f The testis sample derived from male

236 number 3 was thereafter subjected to ISH of tismmions, and a colony expressing thevésa (Fig.

237 6a), but not the JMasa (Fig. 6b), was detected. This result indicates tlenor germ cells had been

12
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maintained in xenogeneic recipient testis for 9 thanAlthough endogenous germ cells in the testis

had already been differentiated into sperm, thevéd3a-positive colony mainly comprised type-A and

-B spermatogonia (Fig. 6c¢).

Detection of jack mackerel recipients producing the yellowtail sperm

One year after transplantation, 179 of 523 injeatszipient larvae (96 males and 83 females) sudrive

(survival rate = 34.2%). All male recipients readhmaturity and their milt samples were collected an

subjected to the analyses described below. GenbNi& was extracted from each of the milt samples

and was subjected to PCR analysis using the premespecific for YTvasa. As shown in Fig. 7, the

YT vasa fragment was amplified in two of the 96 milt DNAmples (2.1%). Milt samples from the two

males (number 28 and 82) were collected by gerttiminal pressure and were used to artificially

inseminate eggs collected from two YT females (€ad). In the crosses of YT females and YT males,

it was observed that most of the fertilized embrgeseloped normally at 48 hours post fertilization

(Fig. 8a). On the other hand, in the crosses uspagm of the PCR-positive JM recipient, although

thousands of fertilized eggs were obtained, a fggsesurvived and a normal embryonic body was

observed (Fig. 8b). When YT eggs were fertilizedhmdM sperm, all eggs died without the appearance

of normal embryos (Fig. 8c). At approximately 6@fter fertilization, seven hatchlings were obtained

(Table 2). Five larvae from the cross of the YT &des and the recipient number 28 were sampled just

after hatching. The larva number 1 (Fig. 9b) anglete normal in an appearance and very similar to

wild-type YT larva (Fig. 9a). However, the larvaember 2, 3 (Fig. 9c, d), and 5 were apparently

13
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abnormal with curved and underdeveloped bodiesofthe larvae were subjected to genotyping using

three types of YT microsatellite markers (sequ$equ-57, and sequ-77 loci). Table 3 shows theeslel

of the donor YT, recipient number 28, YT femalesnfrwhom eggs for the crosses were collected, and

five larvae obtained in crosses using the spermeoipient number 28. Genomic DNA from larvae

numbers 1 and 4 had the same alleles as the dehereas that from larvae numbers 2, 3, and 5 had

same alleles as only the female YT. These resnitcated that the larvae numbers 1 and 4 were the

progeny of the donor YT. To further ensure thatldr@aes number 1 and 4 were YT, genomic DNA of

the larvae were subjected to PCR analyses usimgepsi specific to genomic sequences of ffactin,

JM pg-actin, YT vasa, and JMvasa (Fig. 10a—d). As a result, only the YT-derived DiAgments were

amplified, indicating that the larvae were not higlsrof YT and JM but indeed pure YT. The germ-line

transmission rates for the donor-derived genotypdke two crosses were 0.009% and 0.033%,

respectively. When sperm of the recipient numben@2 used, all three larvae had only

mother-derived alleles (data not shown).

In the case of the female recipients, all 83 indiidls were sacrificed and their ovaries were ctdigc

to perform RT-PCR analyses using the Yasa-specific primers. As a result, YWasa fragment was

not amplified in any of the ovary samples (data stodwn).

Discussion

The present study demonstrated for the first tihet sperm derived from the donor fish could be

produced using the xenogeneic recipient in carafighies. We utilized JM as a surrogate because this

14
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species is known to have suitable features, sucmad! body size and short generation time. As

expected, approximately 100 individuals of JM cob#&dreared in 500-L tanks and all males reached

sexual maturity in 1 year. In addition, we couldjaice the functional sperm of YT from a 1-year-old

JM male whose body weight was as low as 160 gréwipus studies, YT broodstock, that had reached

5-10 kg of body weight in 3-5 years, were maintdiireof 65-100-kL tanks for the acquisition of

gametes (Musiake et al. 1998; Chuda et al. 2005; Hamada and Mushiake, 2006). Thus, in this study

we succeeded in the acquisition of YT gametes ftoensurrogate JM within a shorter period than the

cases in which YT broodstock were used. In addjttbe surrogate JM were raised to maturity in

smaller tanks by a factor of one hundredth than tequired for the maintenance of YT broodstock.

Although the efficiency of YT gamete productionsarrogate broodstock requires improvement, the

results in the present study indicate the poss$ybdf YT gamete production in a less resource iabem

manner by saving space and time, resulting in teeglence of the hatchery-reared juveniles in YT

aquaculture. In addition, shortening of the gerieraperiod is an important requirement to precede

breeding programs of YT. Recently, genetic toolstfe establishment of efficient breeding by

marker-assisted selection (MAS) have been explditeédT (Ohara et al. 2005; Ozaki et al. 2013; Aoki

et al. 2014). Establishment of MAS in YT would makeossible to select the individuals with

desirable economic traits before the fish reachatuinty. By the transplantation of germ cells dedv

from the selected young YT into surrogate JM amufdpction of the donor-derived gametes in the

recipients, accelerated YT breeding would be exgabct

However, critical problems remain for the mass pieitbn of YT gametes using surrogate JM. First,

15
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production efficiency of the donor-derived sperntlie surrogate broodstock was remarkably low. In

fact, thevasa signal of YT was detected in the genomic DNA ofnes from only two recipients among

96 males. One of the two recipients, male numbemz& found to produce the donor-derived sperm.

In the crossing tests using the sperm of recipmemhber 28, two YT hatchlings were obtained from

approximately 14,000 fertilized eggs, suggestirgt the contribution rate of donor-derived sperm was

0.015%. The rest of hatchlings were spontaneousggnetic diploids. Further, when the semen of

another PCR-positive recipient (number 82) was ualidhree larvae had only mother-derived alleles

and therefore all were judged to be gynogenetic.cdfecluded that donor-derived offspring were not

obtained from the crossings of recipient numberaBa the YT females. This was thought to be caused

by the low contribution rate of donor-derived spdamihe semen of the recipient number 82. In

previous studies of xenogeneic transplantatiornissf §erm cells, the use of sterilized recipients wa

shown to be very effective in improving the prodantefficiencies of donor-derived gametes. Sterile

fish can be obtained by several methods such pleidly induction (Okutsu et al., 2007), interspecie

crossing (Wong et al., 2011), and knocking downdbaes required for the proper development of

germ cells to eliminate endogenous germ c@lisuna et al., 2002; Saito et al., 2008), all of which

were shown to be effective in improving the prodaomctefficiency of donor-derived gametes. Therefore,

establishment of the method to induce sterility)vi is needed. The method of triploidy induction in

JM is under development.

Second, we could not obtain any YT eggs from thedke recipient. Most of the recipients were

found to possess PKH26-labeled cells in their geredter 20 days of transplantation, suggesting that

16
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the YT germ cells colonized in the gonads of remmps of both sexes. However, we could not dete=t th

expression of the YVasa in ovaries from 9-month-old female recipients. $@eesults suggested that

few, if any, the donor-derived germ cells surviwdthinished or diluted below the detection limit

before recipients reached the sexually maturedessditnough the transplanted germ cells colonized in

the gonads of female recipients as well as in tlodgeales. It is necessary to investigate the &te

donor-derived germ cells in recipient ovaries, artigular between 20 days and 12 months after

transplantation. Takeuchi et al. (2004) proved granordial germ cells (PGCs) derived from rainbow

trout, which were transplanted into the peritoneality of masu salmon, were found to differentiate

into functional gametes in the male recipient bot im female recipients, although the donor-derived

oocytes were confirmed in the xenogeneic ovanaddition, Saito et al. (2008) reported that PGCs

derived from goldfish Carassius auratus) and loach Ilisgurnus anguillicaudatus) were transplanted

into zebrafish Danio rerio) embryos, resulting in the successful productibdanor-derived sperm in

recipient zebrafish, whilst donor-derived eggs weot produced at all. Results shown in past studies

as well as in the present study suggest that piadubonor-derived eggs might be more difficult than

producing donor-derived sperm in a xenogeneic ienip There may be many factors affecting the

oogenesis of donor-derived germ cells (such aslegenin and egg envelop proteins) that are supplie

from recipient liver and are indispensable for oogss (Lubzens et al. 2010). The compatibilities

between recipient-derived and donor-derived gerlis ¢mve to be investigated in detail.

To overcome the abovementioned obstacles, utibnadif other surrogate species more appropriate

than JM could be one solution. The production afi@ederived eggs in xenogeneic recipients was

17
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achieved only when the donor species and recifpeaties belonged to the same genus (Takeuchi et al.

2004; Okutsu et al. 2007 2008a), whilst donor-derived sperm were successfuibduced in the

recipient of the different genus (Okutsu et al. 200and even a different family (Saito et al. 2008)

Carangidae, genueriola (YT) and genudrachurus (JM) were shown to be quite distant genetically

(Kijima et al. 1986; Reed et al. 2002) and phylogenetically (Gushiken, 1988). Thetatht relationship

between YT and JM might lead to the retardatiodifferentiation of YT germ cells in JM testis. Thus

mass production of YT eggs, and maybe even sperdiMimould be difficult when sterile JM could be

used as the recipient. Because a large number @in@al species exist (Laroche et al. 1984), it doul

be possible to identify candidate species as satemfroodstock for the efficient production of YT

gametes. For example, the pilot fidkiaicrates ductor) and black-banded kingfisisgriolina

nigrofasciata) might be candidates because these species avnkinobelong to the subfamily

Naucratinae, as does YT, and are reported to be smaller themYoody size (Carpenter and Niem

1999). Assessment of the adequacy of these camdgpescies as a surrogate for YT would be an

important task for future studies.
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