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result in poor growt hand lower survival compared wit hpure
crosses in oyster aquaculture. In t ke previous century, almost
all oyster interspecific lybrids wit hgenetic confirmation
wetre nonviable, wit hlittle gtowt h( llen et al. 1993; Tllen
and Gaffney 1993). Tn recent decades, t le genetic materials
for lybridization lave been focused on newly described o1
classified species suc has C. hongkongensis and C. sikamea
( Nlen and Gaffney 1993; ang et al. 200 ). Similatly,
breeding depiession or lybrid bieakdown las been docu-
mented because of gamete incompatibility in most interspe-
cific lybridization cases (Xu et al. 2009; Z lang et al. 2012,
201 ). However, positive growt hgerformance was produced
in t le following crosses . C. hongkongensis C. angulate
(Z lang et al. 2016b), C. hongkongensis C. sikamea (Z lang
et al. 201 ) and C. hongkongensis C. ariakensis (Huo
etal. 2013). Mreover, t le growt hand survival superiority
of backcross progeny was observed between C. hongkon-
gensis C. gigas fertile lybrids and t leir parental species
mentioned above (Z lang et al. 2016c), w lic hindicates t lat
interspecific lybridization also las a potential use in genetic
improvement in oyster aquaculture.

T ke <uymamoto oyster C. sikamea is widely distributed
in C hna, &mca and japan (Hamaguc h et al. 2013), and it
is well-known t lat C. sikamea is a sympatric species of C.
gigas in a few regions (Hedgecock et al. 1999; Hong et al.
2012). T Ie distinguis hng morp lvlogical ¢ laracteristics
between t Ie two species are t ke more deeply cupped left
valve and a lig hy wiinkled or ridged s lell in C. sikamea
&V ang et al. 2013). Howevet, s lell morp lology is irregular
and hig lty variable; t lus t Ie use of morp Iological ¢ lar-
acteristics often leads to ertors in oyster identification and
clagsification &V ang et al. 200 ). To improve oyster tesource
management, genetic matkers lave been used to solve t lis
problem, and subsequently a small number of lybrid prog-
enies were detected in t le wild by genetic analysis (Banks
etal. 199 : Camara et al. 200%; Hong et al. 2012). T le pres-
ence of naturally occurring lybrids between C. gigas and
C. sikamea is interesting and 1aises t le question of w let let

lybridization between t le two species is improvable for
aquaculture. C. sikamea, known for its smoot htexture and
sweet fruity flavor despite its small size and slow growt b
las been cultivated and bred artificially on a large scale in

merica. qpt ke ot ler land, C. gigas, c laracterized by rapid
growt hlarge size and wide distribution around t Ie wotld,
especially t le new Pacific oyster strain selected by Li et al.
(2011), las been developed as a principal cultivated oyster
species in nort hC lina. Tt is apparent t fat £ le commercially
important traits of eac hspecies would be a useful trait for
t Ie ot ler species. Consequently, lybridization between C.
sikamea and C. gigas may be useful for t le genetic improve-
ment of t le two species.

In t hs study, a two-by-two factorial cross between
C. gigas and C. sikamea was catried out under common
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latc Iery and nursery conditions, and a detailed compari-
son of t Ie fertilization, survival and growt hgerformance of
t le progeny wetre catried out among experimental groups to
determine w let Ier leterosis exists in growt hand survival
traits at different stages. T le purpose of t le study was to
obtain a new potential oyster stock combining t le desirable
commetcially important traits of eac hepecies.

Material and methods
Brood stocks and rearing conditions

C. sikamea wete collected from cultured stock in t Ie area
of Rus lan, S landng Province, C lina. Two-year-old C. gigas
(successively selected since 200 ) wit hrapid growt hperfor-
mance were collected from Rongc leng, S landong Province,
C hna. In t Ie summer of 201 , bot hbrood stocks were ini-
tially identified by s lell morp lology and separately condi-
tioned wit ha mixed algal diet int ke latc 1y as desctibed by
Lietal. (2011). To ac heve t le sync honization of spermia-
tion and ovulation of brood stocks, sexually matute C. gigas
were 1eared at low temperatures ranging from 16.9 to 2, C,
wit htemperature maintained by a c liller vessel circulation
system, w lile t le C. sikamea were conditioned in a 1000-L
polyet lylene bucket wit ht le water temperature kept at
2 .2 302 ,C and salinity from 22 to 30 psu.

Fertilization and embryo hatching

fter C. sikamea reac led t le partially spawned stage in uly
201 , four males and four females from eac hspecies were
selected for t le experiment. Gametes from t le two species
were obtained by dissecting mature gonads, and eggs of eac h
female were divided equally into two 5_L buckets. Before
fertilization, gametes were examined under a microscope to
engure no sperm contamination or self-fertilization. fter
gamete collection, t le adductor muscle of eac hanimal was
fixed in 9°% et fanol for subsequent genetic identification.
Eitilization was carried out 30 min later after egg collec-

tion; eggs of eac hindividual were fertilized wit heperm from
C. gigas (G) and C. sikamea (S) (Table 1). Bt interspecific
crosses, approximately 30 50 sperm surrounded an egg to
en lance t e fertilization success, according to Z lang et al.
(201 ). Bur different combinations were produced .C. gigas
Q@ C.gigas &(GG), C. gigas ¢ C. sikamea J(GS), C.
sikamea @ C. gigas 3(SG), and C. sikamea @ C. sikamea
3(SS). T le experiment was carried out four times using
different sets of parents. fter most of t le fertilized eggs
developed into eig I-cell stages, t le fertilized eggs of eac h
combination were placed into a 0-L bucket wit ha den-
gity of 30 0 eggs mL ! for incubation. T le temperature
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Table 1 Experimental design Parents Gl S1 G2 $2 Gs S8
for t ke lybridization between C. arens ? ? ¢ ? ? ¢
gigas and C. sikamea G1& GGl SG1

S138 GS1 SS1

G248 GG2 SG2

S23 GS2 SS2

Gs3 GGs SG3

Ssd GSs SSs

GG and SS indicate t ke intraspecific crosses C. gigas @ C. gigas & and C. sikamea @ C. sikamea &,
respectively; GS and SG indicate t le interspecific crosses C. gigas @ C. sikamea & and C. sikamea

Q@ C.gigas J, respectively. T le subscript numbers 1, 2, 3 denote

1eplicates; eac hieplicate was carried

out by one female mating wit hone male

of rearing seawater was maintained at 29 30 ,C and t Ie
salinity was 30 psu.

Rearing, nursery and grow-out

fter 2 hincubation, t le D-larvae from eac hcombination
wete collected on a *®- m sieve and stocked into a larval
rearing bucket ( 0-L). T fe larval dengity of eac hculture ves-
sel was maintained at four larvae mL ! by adjusting water
volume. T Ie rearing of larvae and spat followed 1outine
culture procedures, as described by _ ang et al. (2012). In
brief, larvae were maintained on ISO\%rySiS galbana for t Ie
first'® days, and added on Platymonas sp. in t le later stage.
T ety percent of t Ie seawater was exc langed once a day and
100% every S days. ater temperature was keptat2 30,C
and t fe salinity was 22 30 psu.__ len 30% of t ke progeny
reac led eyed stage, string of scallop s lells were placed in
t e buckets. bout 10 days after metamorp losis, all spat
were transported to an outdoor nursery pond for 1 mont hto
adapt to t It ocean environment. Subsequently, 60-day-old
juveniles were cultivated, carefully employing a lantern net
langing culture system to avoid contamination from ot ler
spat in Sanggou Bay, C lina. During t ke grow-out period, t le
density was 1andomly adjusted mont Iy and similar levels
were maintained among various groups; t le seawater tem-
perature varied from 1.9 to 29 ,C.

Geneticcon rmation

T le parental species and t leir lybrids were identified using
different molecular tec Imiques. T le parental species were
confirmed using t It multiplex polymerase ¢ lain reaction
(PCR) assay of mitoc londrial cytoc home oxidase T(C ¢))
marker as described by ang and Guo (200%2a) (p lvto not
s own lete). Br every experimental group, 120 individu-
als ( 1eplicates  30) were examined during larval and spat
periods. Samples wete collected and fixed wit het lanol for
genetic confirmation, and genomic DN  from larvae sam-
ples was extracted employing C lelex 100. T e lybrid sta-
tus of individuals in t le experimental lybrid families was

confirmed by PCR 1estriction fragment lengt hpolymor-
p ism (R EP), using t le internal transcribed spacer 1 (TTS1)
matker as described by ang and Guo (200%2b). T le primer
sequences for TTS1 wete S GTTTCCGT GGTG CCT
GC (22S forward) and - C CG GCCG GT G TCC
C (O*2S forward). Bac hreaction contained 1 L PCR buffer
( ¥, 0.2 MINTP, 1  Mof eac hprimét, 0.25 U Taq
DN  polymétase (Ta<aRH) and 12 30 ng template DN .
T lety cycles were completed, eac hconsisting of 95 .C for
1 min, 5 o.C for 1 min, and 2 ,C for 1 min, wit ha final
elongation at 2 ,C for S min to complete t le run. T e TTS-1
PCR product was digested wit hHind 11T to display species-
specific R EP patteins.  vailable sequence data for C. gigas
(GenBank Ss 3) predicted Hind 1T digestion fragments
of 1 3 bp and 221 bp, w lereas no Hind 1T cut site was pre-
dicted for t le C. sikamea amplicon (partial sequence data,
GenBank B 55525). Digestion was carried out wit h.S U
of t Ie enzyme for 10 husing t le conditions recommended
by t le manufacturer. PCR and digestion products were ana-
lyzed by 1.5% agarose gel electrop loresis and visualized on
aU__ trangilluminator to confirm amplification and digestion
of t e target amplicon.

Sample collection

T le egg diameters of t Ie two species were calculated before
fertilization. Sixty minutes after fertilization, a 2-mL sample
was collected from eac hbucket, and fertilization success was
measured as t le percentage of fertilized eggs (cells divided)
against t Ie total number of eggs. T e latc ling rate was cal-
culated as t le percentage of D-larvae among fertilized eggs
according to t le same procedure (t le data for t le cross GS
wetre collected in an additional study), considering differ-
ences in fertilization success, and t le percentage of eggs t lat
developed to D-stage was calculated (Table 2).

b1 t le larval stage, t le larvae of eac hgroup were sam-
pled every 3 days after t le D-stage, and larva survival was
calculated based on t le total number of live larvae on dif-
ferent days post-fertilization. Subsequently, latvae were
p Iotograp led using an glympus BX°3 microscope, t e
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Table 2 Hatc ling index, cumulative survival 1ate of C. gigas (GG), C. sikamea (SS), and t leit lybrids (GS and SG), leterosis (H,) and single-

patent leterosis (lgg)

Hatc ling index

Cumulative survival rate (%)

Ttems  Egg diameter Eitilization Hatc ling 1ate Eggs to Day 12 Day 21 Day 120 Day 210 Day 320
(m) rate (%) (%) D-larvae (%)

GGl 5092 2 3 2.3 ol.re 26.6 Se 99 221 1.02

GG2 09 9236 25 | 9.1 2 1133 216 63 1.59

GGs 3119 90 26,96 226 16 56 332 323 0.9°

GG 1162 93.13 2 tee 2126 re 33 310 3.02 0.61

Man 1.1 +032° 2001+ .02% 2332+ .[2¢@ 1249  1* 211 +%%  €29+3.9° 9 +22 % 3234162 1.0 +0. I®

SG1 9 29 90.5 2539 315 532 08 2

SG2 91 25 KR 2 10 3 53 233

SGs *20) 5.1 525 30 S 500 3. 2.0

SG ELRL 636 .6 LR 6> 633 51 1.0

Man ® 19+6.62% ‘212 + 9% 122+123%% 3063+3. 3% . 9+155% 294155 +0.92¢ 1126+0532

GS1 132 0.3

GS2 0.2

GS3 0.02

GS 0.3 0.0 2

SS1 3.62 % 91.6 22 33 R 39 33 1.

SS2 3. 96.51 95 5¢ 9222 20 3 55 13 0.°2

SS3 02 2] 3.2 59,91 11 3 2.16 1.2 0.1

SS s 9. 2 5 26 0 12 & 302 1.3

Man 3.0 +0.3° 0212+ .11* 2 09+0.63% '2069+1 .2 2 S+11.9% 24302 1242300 3124+ 132% 1.02+0.6°

H, (%) 2 3 26 212 £ 225 2 .16 3

Isg (%) 539 66 1136 1156 318 3098 0.3 502

b1 egg diameter, N—120 ( replicates 30 individuals); for fertilization, latc ling and cumulative survival rates, n—
stle GS lybrids wee nonviable, t le cumulative survival data for GS ate absent. Different superscript letters in eac hcolumn indicate

bination.
significant differences (p 0.05)

s lell leig I of 30 larvae were measured by Image-Pro Plus
6.0 image analysis software. During nursery and grow-out,
30 spat were 1andomly selected and t Ie s lell leig I at spat
stage was measuied to t e nearest 0.01 mm wit han elec-
tronic _ernier caliper.

v

Statistical analysis

¢ lybrids of t le GS group were nonviable and died at t le
D-stage, data for t Ie GS cross ate absent lere. Differences
in latc hing index, growt hand survival data between groups
and replicates were analyzed by multiple comparisons using
a two-way analysis of variance ( N ). T le differences
in gtowt hand survival among t le t hee experimental groups
were analyzed wit hone-way N . T le gtowt hparam-
eters were transformed to a natmaﬁ/ogalit Im to obtain nor-
mality and lomoscedasticity, and t le latc ling and survival
1ates were arcsine-transformed prior to analysis. Statistical
analyses were conducted using SPSS 19.0 software, and t le
significance level for all analyses was set to p 0.0°.
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(1eplicates) in eac hcom-

Heterosis was calculated to evaluate t le production traits.
T ke equation to determine mid-parent leterosis (H,) was taken
from Cruz and Toarra (199 ).

H,(%) = (2SG — GG — SS)/(GG + SS) x 100,

w lerte GG and SS are t Ie average p lenotypic value of t fe
two purebred offspring, and SG indicates t le mean value of
lybrid offspring. To estimate t le increase in survival and
growt hof t le lybrids compared wit ht lat of t le C. sikamea,
t Ie increase in production (lgg) was calculated using t Ie
following equation .

Is6(%) = Xy — Xa) X 100/X 55
w lete X j is t I mean p lenotypic value for t e lybrid

progeny, and X ; is t le mean p kenotypic value for t Ie C.
sikamea.
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Results
Fertilization

remarkable distinction between C. gigas and C.
sikamea is t Ie size of t keir eggs, wit haverage egg size
of 1.1 m for C. gigas and 3.5  mfor C. sikamea
(Table 2)M it hrespect to fertilizationttates, t ke GS cross
lad t e poo1est rate of fertilization and latc hng, despite
t Ie presence of additional sperm. T ke average fertiliza-
tion rate was 0.51%, and t e fertilized eggs lad a signifi-
cant delay to t e cleavage stage compared wit ht Ie ot ler
t hee crosses. T le mean rates of fertilization success
were'9.91%.'2 .15% and 92.12% for t le GG, SG and SS
crosses, tespectively (Table 2); embryonic development
intle SG group was good and comparable to t lat of t [e
pure crosses, wit hno obvious delays or abnormality.

Survival

T ke lybrids of t le GS cross died during t ke D-stage because
of poor gamete compatibility, so data from t le ot ler t hee
crosses are presented lere. Similar to fertilization success,
t le proportion of fertilized eggs developing into normal lat-
vae in t le SG cross was not significantly different from t lat
of intraspecific crosses (Table 2). T le survival of fertilized
eggs to t le D-stage was*®3.32% for t le GG cross,'21.2 % for
t le SG cross, and*® .0°% for t ke SS cross (Table 2). Consid-
ering differences in fertilization, t le percentage of eggs t lat
were fertilized and developed to t e D-stage was  1.13% for
t Ie GG cross, 0°23% for t le SG cross, and*20.19% for t le
SS cross (Table 2). T le variation in survival was attributable
to genetic differences among groups, 1eplicates and t leir
interaction in t le larval stage (Table 3).

T le survival 1ates for t ke SG cross and inbred crosses did
not differ significantly during t ke larval stage, but followed
t ke order SG SS GG (Table 2). b1 example, at days 12
and 21, t le mid-parental leterosis values for t le SG co lort
were 2126% and'2. %, 1espectively. During t e grow-out

Table 3 Two-way analyses of

. N . Ttem Source  Survival Growt h
variance for t le effect of genetic
group and replicate set on df M F value  Sig df M F value  Sig
performance traits
Ettilization 1ate G 2 0.00 2002 0.002%*
R s 0006 11.90°  0.001%*
G R & 000 193 0.001%#x
Hatc ling rate G 2 0005 10622 0.001%%*
R 30000 209 0.00]%x
G R & 0006 25020  0.00]%x
Day 9 G 2 01°t 1991 0.001%%* 2 0206 1 .r20 0.001 %5
R 3 006 62060  0.001%* 3 0006 0532 0.6
G R & 0103 111'%61  0001** ¢ 0005 0. 05  O®
Day 12 G 2 00t 12.6 0.001%%% 2 05¢9 ¢6.679 0.001 %55
R 5 0020 12001  0.001** 3 0006 0.3 0.521
G R & 001 el32  0001** ¢ 0009 10°¢ 039
Day 21 G 2 006 S 1 0001 2 059 ¢5.669 0.001%55
R 30122 23309  0.001%% 3 0002 0.92 0. 03
G R & 006 ¢ 0001%% ¢ 0005 052 0'ze
Day 120 G 2 002 .01 0002%% 2 2.3 w22 000]%
R 3013 20221  0.001% 3 002> e 0.00 **
GR & 00 6615 0001 ¢ 0.1 02 0.001%#*
Day 210 G 2010 302 0.025% 2 219 109925  0.001%%*
R 30190 639 0.001%%% 3 0.0 2. 13 0.0 %
G R & 006 2.02  00%2* 6 00°9 2:203 0.009%%*
Day 320 G 2 0.1 20  0.02e* 2 0202 3 .r% 0.001"*
R 5002 o2 0. 61 5000 0.9 0.9
G R & 0212 215 002 ¢ 001 200 0.06

br fertilization, latc hing and survival rates, N—36 (3 samples

larvae 12 groups)

*p 0.0%; %% 0.01;***p 0.001

12 groups); for growt hdata, n—3600 (30
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stage, t Ie SG co lort survived better t lan t le SS co lort; t Ie

leterosis value of Iy was 30.95% at day 120 and 0. 5% at
day 210. However, t lere was no significant difference among
t le t hee crosses (p 0.05) (Table 2); t Ie variation in su1-
vival was attributable to genetic differences among groups
during t le entire spat stage (Table 3).

Growth

T le data for s lell leig I during t Ie larval and spat stages
are s lown in Table . T le mean s lell leig hoft le GG cross
was gignificantly greater t lan t lat of t le SG and SS crosses
(p 0.0 Tables3, ). T ks kil leig hoft ke lybrid larvae
was less t lan t Jat of t Ie SS cross at t e larval stage, alt loug h
t ke difference was not statistically significant (p 0.05).
However, t Ie s Iell leig I of t e SG cross was significantly

greater t lan t lat of t Ie SS cross at t le spat stage (Table ),
w lile t e g value was 23.32% at day 120 and 2 . 3% at
day 210. N demonstrated t lat t le group (experimental
combinations)’ lad a significant impact on s lell size during
t le entite grow-out stage (p  0.001) (Table 3).

Geneticcon rmation

T le amplified bands of ITS1 produced by C. gigas and C.
sikamea were similar in size, approximately 550 bp ( B 13),
w lic hmade it difficult to distinguis ht le lybrid from t e
parental species by standard agarose gels. However, Hind 1T1-
digested PCR-amplified ITS1 products of C. gigas obtained
two fragments (200 and 300 bp), w lile no fragments were
obtained from C. sikamea, enabling identification of bot It le
patental species and t I F lybrids ( Eg. 1b).

Table4 S kll kig b of C. gigas (GG), C. sikamea (SS), and t leit lybrids (SG) at different days, as well as leterosis (H,) and single-patent let-

erosis (lgg)

Ttems Day 9 ( m) Day 12 ( m) Day 21 ( m) Day 120 (mm) Day 210 (mm) Day 320 (mm)
L T T

GGl 122. 0 1 1.5 291.51 12.63 1.3 311

GG2 139. 2 133.22 202 63 12.9¢ 153 3201

GGs 121.13 1233 226.9 1. 1522 s

GG 125. 5 1029 225 23 12 15.0 3232

Man 12.1 +29. 2 1595 +3 39° 290324+ 2@ 135 +0.9° 12.02+0. 1° 32.16+6.52¢

SG1 102.59 11639 21353 9.99 11.01 30.20

SG2 99.03 115.90 2163 1032 9.99 2201

SG3 102. 2 119. 3 216.26 1 10.91 22 |

SG 0223 11533 210.32 33 10. 2 2.5

Man 100.59+19. *® 1162 +20:20° 21 19+ 22 © 2 241, Y 10.59+0. ° 2252 41.15°

SS1 108.91 12531 232120 225 3 2213

SS2 10 .95 115. 0 25 e 652 9.3 26.23

SSs 10 .63 112.3 262.6 662 9.25 252

SS *20 90 119. 1 239.9 o2 652 2 6

Man 10025 + 22,5 112.19+30.9%° 2559 +59:2® 0 +0%e 5] 4135 262+ .°g°

H, (%) 11. 9.2 213 1556 10.00 225

g (%) 0.25 1.1 156 2552 2.3 2125

Bt s kell lig I, Nn—120 in eac hcross. Different superscript letters in eac hcolumn indicate significant differences (p 0.05). Tk GS lybrids
wetre nonviable after t le D-stage, so t lere are no GS data in t hig table

Fig.1

@ Springer

garose gel images of C. gigas, C. sikamea and t leir lybrids. a TTS1 amplicons. b TTS1 amplicons after HindTIT digestion. Nsize stand-

ard (100 bp): lanes 1 2, C. gigas parent; lanes 3 5, lybrid spats from C. sikamea female C. gigas male cross; lanes 6 , C. sikamea parent
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Discussion

In t hs study, we inttoduced C. sikamea into nort lern
C lina and lybridized t lem successfully wit hC. gigas.
T le aquaculture performance traits of lybrid crosses were
firstly compared wit htwo pure crosses under laboratory
conditions. Hig hasymmetry in fertilization was 1evealed .
C. sikamea eggs were 1eadily fertilized by C. gigas sperm,
w lhile eggs from C. gigas were ludly fertilized wit hC.
sikamea sperm. Tn fact, asymmetric gamete compatibility
is commonly found in oyster interspecific lybridization;
t Ie lack of gamete recognition proteins between C. gigas
eggs and C. sikamea sperm may account for t le asymme-
try (Z lang et al. 2012).

Successful embryo development is critical for 1eliable
spat production (Le et al. 20F2). Tn our researc ht le mean
fertilization success of t e SG cross was*2 .15%, w hc h
was lower t lan t lat of t k¢ GG and SS crosses. Hit let-
mote, no abnormal fertilized eggs were documented in t le
early embryonic development of zygotes. Generally, ferti-
lization success of interspecific lybrids is lower t lan par-
ent gpecies among t le Crassostrea oyster species (- llen
et al. 1993: Xu et al. 2009; _ uic lenko and 4alac lev
2016). Gamete recognition bartiers were considered to be
t le strongest predictor of fertilization success in previous
reports (Rawson et al. 2003 ; Slaug ler et al. 2002). How-
ever, it is lard to make accurate analysis as fertilization
1ate can be influenced by water temperature, salinity, and
gamete longevity (Banks et al. 199 : Bus lek et al. 2002;
Xu et al. 2009). Tn our study, hg hfertilization success
and latc ling level were observed among four SG crosses,
suggesting t lat t lere was no sperm egg recognition bart-
rier between t e C. gigas males and C. sikamea females.
@ t Ie contrary, C. gigas eggs are lardly fertilized by
C. sikamea sperm, indicating t lat bindin divergence
mig h develop wit ht Ie combination ( My and _ acquier
2002; uetal. 2011). qyerall, since fertilization is a key
parameter to assess commercial production of interspe-
cies lybrids (_ ou et al. 2015), t le incubation index of
t Ie SG cross was acceptable for large-scale production in
aquaculture.

Survival weakness las been observed in most interspe-
cific lybrids among t le Crassostrea genus ( llen et al.
1993; llen and Gaffney 1993 Soletc Inik et al. 2002).
However, in t Ie present study, t Iere were no significant
differences in t Ie survival of t Ie SG cross t houg lout t le
entire life cycle, and t e lybrids s lowed positive survival
advantages in larval and spat stages. T hs suggests t lat
t le adaptability of t le SG lybrid mig h be stronger t lan
t lat of intragpecific progeny under certain environmental
conditions. Tndeed, t le viability of an aquaculture animal
is known to be affected by t Ie envitonment (Dégremont

et al. 2010; Rawson and Findel 2012). Similar 1esults
wete observed for t le lybrids of C. hongkongensis C.
angulate (Z lang et al. 201ea) and C. hongkongensis C.
sikamea (Z lang et al. 201 ), for w hc heurvival advantages
were maintained t houg lout t le entire lifetime.

T le interspecific lybrids ex libited lybrid inferiority in
growt hperformance at t le larval stage, t loug ht lete was
no significant difference in average s lell size between t Ie
SG and SS cross larvae. Similar 1esults were observed in
t le crosses of C. ariakensis C. sikamea, C. virginica C.
gigas and C. gigas C. angulata ( Tlen et al. 1993 Soletc h
nik et al. 2002; Xu et al. 2009). Interspecific mating may

linder genetic exc lange between t le normally developed
parents and result in genetic incompatibility int e F gen-
eration, ultimately causing a set of weakness symptoms (Sun
et al. 201 ). Interestingly, notable leterosis (in terms of C.
sikamea) was also found in t le spat stage compared to t le
SS cross, and t le growt hrate incieased by 23.32% for t le
SG cross at day 120 and 2 . 3% at day 210. T le results
demonstrated t lat genome compatibility between t Ie two
species was acceptable. Z lang et al. (201 ) attributed a por-
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