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A total of 147 microsatellite-containing expressed sequence
tags (ESTs) (3.63%) were detected from 4053 ESTs of the
Pacific oyster (Crassostrea gigas) in GenBank. The average
density of simple sequence repeats (SSRs) was 1 per 8.25 kb
of EST after redundancy elimination. Dinucleotide repeat
motifs appeared to be the most abundant type. Sixteen new
polymorphic EST–SSRs were developed. The number of
alleles per locus varied from 3 to 12, with an average of 5.9
alleles per locus. Marker transferability was tested on 2 other
Crassostrea species, and 14 loci gave successful amplifica-
tions in both species. Twenty EST–SSRs were tested on 3
families of C. gigas for examination of inheritance mode of
EST–SSRs. Thirty-five tests of segregation ratios revealed 5
significant departures from expected Mendelian ratios, 4 of
which confirmed Mendelian expectations when accounting
for the presence of null alleles. Null alleles were detected at
3 loci (15.0%) of the 20 loci, and the frequency of null alleles
at EST–SSRs was lower than that in genomic SSRs in C. gigas.
The results obtained in this study suggest that C. gigas EST–
SSRs will complement the currently available genomic
SSR markers and may be useful for comparative mapping,
marker-assisted selection, and evolutionary studies.

Microsatellites or simple sequence repeats (SSRs) have been
extensively used over the last decade because of their highly
interesting properties. The uniqueness and the value of
microsatellites arise from their high polymorphism, co-
dominant inheritance, extensive genome coverage (occur-
ring both in protein-coding and noncoding regions), and
simple detection by polymerase chain reaction (PCR; Powell
et al. 1996). These features have proved to be of great
interest for population genetics, parentage analysis, and
genetic mapping (Bentzen et al. 2001; Li et al. 2006).
However, despite these advantages, the isolation and
characterization of such markers via traditional methods
(i.e., the screening of size-fractionated genomic DNA

libraries) are costly and time consuming (Squirrell et al.

2003). In addition, the cross-species transferability of

microsatellites derived from anonymous genomic libraries

is normally quite limited due to either disappearance of the

repeat region or to degeneration of the primer binding sites

(Rungis et al. 2004).
In recent years, with the rapid increase of sequence

information, the generation of EST-derived microsatellites

becomes an attractive alternative to complement-existing

SSR collections. ESTs are sequenced portions of comple-

mentary DNA copies of mRNA, and they represent part of

the transcribed portion of the genome in given conditions

(Poncet et al. 2006). By using some computer programs, it is

easy to download the ESTs from public databases

(GenBank; The European Molecular Biology Laboratory;

DNA Data Bank of Japan) and scan for identification of

SSRs. The EST databases provide a valuable resource for the

development of SSRs. To date, EST–SSRs have been

developed in a variety of plants and some important

aquaculture species (Carlsson and Reece 2007; Vendramin

et al. 2007). Compared with the development of traditional

genomic SSRs, the development of EST–SSRs is time and

cost-saving once a sufficient amount of ESTs are available.

Additionally, EST–SSRs have some intrinsic advantages over

genomic SSRs. One advantage is that EST–SSRs may be

directly associated with a coding gene and so may be useful

for association with known function genes. Also, because

ESTs are evolutionary conserved, cross-species PCR ampli-

fication of EST–SSRs is expected to be more successful

compared with genomic SSRs (Arnold et al. 2002). So EST–

SSRs have been useful as anchor markers for comparative

mapping, evolutionary studies, detection of selective sweeps,

and identifying conserved genomic regions among species

and genera (Vigouroux et al. 2002; Gupta et al. 2003).
For Crassostrea gigas, genomic microsatellites have been

developed in recent years (McGoldrick et al. 2000; Li et al.

208

D
ow

nloaded from
 https://academ

ic.oup.com
/jhered/article/99/2/208/2188634 by guest on 20 August 2022



2003; Sekino et al. 2003) and used efficiently in population

studies, parentage analysis, and genetic mapping (Hubert
and Hedgecock 2004; Li and Kijima 2006; Li et al. 2006).
However, there also appears to be some drawbacks. Firstly,
one concern with regard to the use of SSRs is that they
might produce a high level of null alleles. The frequency of
microsatellite loci containing null alleles has been shown to
be as high as 30% in humans (Callen et al. 1993), 25% in
a swallow (Primmer et al. 1995), 16% in rainbow trout
(Ardren et al. 1999), and 57% in the Pacific abalone (Li,
Park, Kobayashi, and Kijima 2003). Many studies have also
suggested the high frequency (.50%) of null alleles in
C. gigas (McGoldrick et al. 2000; Li et al. 2003). Null alleles
are often caused by mutations such as substitutions,
insertions, or deletions within one or both primer annealing
sites, which prevent amplification (Callen et al. 1993). The
presence of null alleles can lead to confounding results when
using microsatellites. If null alleles are present but not
accounted for, the resulting scoring error of heterozygotes
for homozygotes can create an apparent excess of
homozygotes in population studies (Jones et al. 1998). In
parentage analysis, an undetected null allele may cause
rejection of an otherwise correctly assigned parent. In
genetic linkage analysis, the null allele should be detected by
the apparent noninheritance of an allele if the family
structure has been confirmed by Mendelian inheritance in
other loci, or at most it will cause loss of information from
an assumed homozygote parent if the other parent is
homozygous for the same normal allele (Callen et al. 1993).
Secondly, the primers necessary for the amplification of the
genomic SSRs are frequently species specific, and poor
cross-species amplification of microsatellites cloned from
C. gigas have been reported (Hedgecock et al. 2004). Thus, it
is usually difficult to make some meaningful interspecific
comparisons using genomic SSRs. Thirdly, although SSRs
have been used in the construction of linkage mapping in
C. gigas (Hubert and Hedgecock 2004), genomic locations of
these SSRs developed from anonymous sequences cannot
be compared with other species and comparative genome
analysis cannot be conducted due to the lack of type I
markers which can serve as anchorage points for genomic
segments. Therefore, EST–SSRs as rich resources of type I
markers associated with known function genes appear to be
a promising alternative and can complement the shortages
of genomic anonymous SSRs.

In this paper, we firstly develop and characterize
a collection of EST–SSRs for C. gigas in terms of frequency,
information content, gene annotation, transferability to
related species, inheritance mode, and the extent of the
distribution of the null allele.

Materials and Methods

Oyster Materials and DNA Extraction

To screen for polymorphic SSRs, 40 individuals of C. gigas
collected from coastal waters in Hiroshima, Japan, were
used. Sixteen Crassostrea plicatula individuals and 16 Crassos-

trea ariakensis individuals, which were collected from Fujian
and Shandong provinces in China, respectively, were used
for the examination of the transferability of EST–SSRs.
Crassostrea gigas families were produced by single-pair
matings in 2006, and 3 of them with 49–54 D-shaped
larvae from each family were selected randomly to test for
inheritance mode of EST–SSRs including 16 new loci and 4
loci developed in our previous study (Yu and Li 2007). The
adductor muscles collected from fresh adults and 24-h
D-shaped larvae were preserved in 95% ethanol at �20 �C
until DNA preparation.

DNA extraction was performed by standard proteinase
K digestion, phenol–chloroform extraction for adults, and
by Chelex-based methods for larvae as described by Li,
Park, and Kijima (2003).

Data Mining for SSR Markers

A total of 4053 Pacific oyster EST sequences were
downloaded from GenBank (The National Center for Bio-
technology Information, http://www.ncbi.nlm.nih.gov/sites/
entrez, 10 March 2007). The EST data set was scanned and
assembled using SeqMan II sequence assembly software
(DNASTAR Inc., Madison, WI) and generated 2377
potential unigenes that contain contigs and singletons from
all EST sequences. The SSRHUNTER program (http://
www.bio-soft.net/dna/) was used to search for SSRs within
this unigene set. The criteria used in SSRHUNTER to
identify SSRs were as follows: 5 repeats for di-, tri-, and
tetranucleotide repeats. ESTs containing SSRs were then
annotated using BLAST software as described by Maneer-
uttanarungroj et al. (2006). The BLAST results were
classified into 3 groups: known gene products, hypothetical
proteins, and unknown genes.

Primer Design and PCR Conditions

Primers were designed using the Primer Premier 5.0
program (http://www.premierbiosoft.com/). PCR was
performed in 10-lL volumes containing 0.25 U Taq DNA
polymerase (Takara Inc., Shiga, Japan), 1� PCR buffer, 0.2
mM dNTP mix, 1 lM of each primer set, 1.5 mM MgCl2,
and about 100 ng template DNA. PCR was performed on
a GeneAmp 9700 PCR System (Applied Biosystems,
Crescent City, CA) as follows: 3 min at 94 �C; 35 cycles
of 1 min at 94 �C, annealing (for new developed loci, see
Table 1; annealing temperatures 45 �C for CGE006, 52 �C
for CGE005, CGE007, and CGE009) for 1 min, 72 �C for 1
min per cycle; followed by 5 min at 72 �C. Amplification
products were resolved via 6% denaturing polyacrylamide
gel and visualized by silver staining. A 10-bp DNA ladder
(Invitrogen Inc., Carlsbad, CA) was used as a reference
marker for allele size determination.

Data Analysis

The number of alleles (N ), expected heterozygosity (He),
and observed heterozygosity (Ho) were calculated using
MICROSATELLITE ANALYSER software (Dieringer and
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Schlötterer 2003). Exact tests for deviations from Hardy–
Weinberg equilibrium (HWE) were performed using the
GENEPOP program (http://genepop.curtin.edu.au/). Sig-
nificant levels were calculated per locus using Bonferroni
method (Rice 1989). Inheritance ratios were analyzed at 20
EST–SSRs loci in this study. The G-test was used to
measure the goodness-of-fit for expected Mendelian
segregation ratios (1:1, 1:2:1, and 1:1:1:1) at the 0.01
probability level.

Results

EST–SSRs Isolated from ESTs Database of C. gigas

A total of 147 microsatellite-containing EST sequences
(3.63%) were detected from 4053 ESTs in the Pacific oyster
dbEST. After clustering and assembly of the ESTs, 2377
unigenes were identified, including 1919 singletons and 458
contigs, of which the total length was 1147.352 kb. One
hundred and thirty-nine unique SSRs were found within
2377 unigenes, which represented an average density of
1 SSR per 8.25 kb. The proportion of microsatellite unit

sizes was not evenly distributed: dinucleotide repeats were
the most abundant within C. gigas ESTs, accounting for 122
loci (87.77%). Tri- and tetranucleotide repeats were found at
lower frequencies with 14 loci (10.07%) and 3 loci (2.16%),
respectively (Table 2). Regarding dimeric SSRs, the AG/CT
microsatellite type was predominant (Figure 1), whereas CG
microsatellite type was not detected.

One hundred and thirty microsatellite-containing EST
sequences (after clustering and assembly) were BLAST-
searched against GenBank. Twenty-eight ESTs (21.54%) were
known gene products, 15 ESTs (11.54%) were hypothetical
proteins, and 87 ESTs (66.92%) were unknown genes.

Development of EST–SSRs and Level of Polymorphism

Thirty of the 139 SSR loci with sufficiently long flanking
sequences were selected for microsatellite marker optimiza-
tion. Of the 30 potential microsatellite markers, 12 were not
easily amplified, 2 were monomorphic, and 16 were found
to be polymorphic among 40 individuals of C. gigas. Of the
16 polymorphic loci, 2 (CGE019 and CGE023) produced
products approximately 150–200 bp larger than expected.

Table 1. Characterization of 16 polymorphic EST–SSRs derived from Crassostrea gigas

Locus
Repeat
sequence

Primer sequences
(5#–3#) Ta (�C)

Na (size
range, bp)

Putative
function

Primer
location

Accession
no.

CGE011 (TA)5 TAGGAACGGATAGAAACG 50 3 (150–164) Predicted hypothetical
protein

3#UTR AJ565497

TAAAGGACGGAAACTACATT [Gallus galtus] 3#UTR
CGE012 (AG)5 CTTCAATAGGAAAATAAATC 47 6 (220–230) Predicted: hypothetical

protein
3#UTR BQ426900

ATACACATCTAAACAAACAGT [Nasonia vitripennis] 3#UTR
CGE013 (AT)5 AGGTTTGCTTGTTGGTGC 52 6 (170–182) Unknown Unknown BQ426844

TAACGGTGGGATGAGGAAT Unknown
CGE014 (TG)5 TTCAGACTTTCCAACCCC 52 8 (236–266) Predicted: similar to

Protein C12orf4
3#UTR BQ426727

TTTTCAATCAAATACAACTAACAC [Apis mellifera] 3#UTR
CGE015 (TA)5 TAAAATCTCAATAGGCTCTTCG 55 2 (116–118) Unknown Unknown CX069049

GAACGACTGGTTTCGGATG Unknown
CGE016 (CA)6 ATGGCTACATTATGCTGA 50 4 (190–196) Unknown Unknown CX068967

ATCTGGTGCTTTACGAGT Unknown
CGE017 (AG)5 CGCCATCAAAAGTGTTCA 52 7 (231–249) Unknown Unknown CX068814

GGGTATGTCATTGCCAGC Unknown
CGE018 (CA)5 ACAACATCCAACAACTCTC 50 6 (144–154) Unknown Unknown CK172347

CTTCTCCATTTATCCAGC Unknown
CGE019 (TTG)5 TAACCTCCTGTTCCCCTGT 55 6 (387–408) SJCHGC01721 protein 5#UTR CK172320

TCAGCATTTCAAAGATACCCT [Schistosoma japonicum] 3#UTR
CGE020 (TA)6 TGTTTTATTATCATACGCC 47 13 (202–244) Unknown Unknown DV736352

TCCAATCTAATACAAAATACC Unknown
CGE021 (TG)5 ATAGAAAACAGAAGCCAG 50 6 (250–266) Unknown Unknown DV736668

GCAGGTGATGTATTGATT Unknown
CGE022 (TA)5 TGTTACCAGTTCTTCGTG 52 5 (242–254) c-src tyrosine kinase 3#UTR BQ426966

TATTTGAGACAAGGAGGC [Xenopus laevis] 3#UTR
CGE023 (TG)13 GGAAACCGACCAATCAAAA 52 4 (380–390) Unknown Unknown DV736642

GCAGCAAAGGAGAATACAGG Unknown
CGE024 (AT)5 ACATCATCCAAGACCACG 52 10 (218–244) Unknown Unknown BQ427306

ATGCTTATAGTTGAGGTAAATCT Unknown
CGE025 (ATA)5 TGAGTTACATTCATATCAAATC 52 4 (147–168) Unknown Unknown CX069052

AACAGCGAAGTACCAGTC Unknown
CGE026 (TA)6 GTAGCAGTGGCATTGACG 54 4 (222-230) Predicted protein 3#UTR CX069252

ATGGGGAAGATGGCATAT [Nematostella vectensis] CDS
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The basic information obtained with each EST–SSR was
shown in Table 1. The number of alleles per locus ranged
from 2 to13, with an average of 5.9 alleles per locus.
GenBank (BLAST) searches indicated that 6 of 16 SSR–
ESTs matched to genes of known functions at E values less
than 10�4, whereas the other 10 had no significant matches
to known genes (Table 1).

Transferability of EST–SSR Primer Pairs

Transferability of the 16 EST–SSRs was examined by testing
for amplification of the SSR loci in 2 other Crassostrea

species: C. plicatula and C. ariakensis. The basic information
obtained with each EST–SSR was shown in Table 3. All the
loci could give successful amplification in both C. plicatula

and C. ariakensis, except for locus CGE019 that did not
give successful amplifications in both C. plicatula and
C. ariakensis, and locus CGE022 that could not be amplified
in C. plicatula. Significant deficits of heterozygotes and depar-
tures from HWE were observed in 14 single-locus exact tests
after Bonferroni correction in the both species (Table 3).

Segregation Analysis

The 16 new loci developed in this study and 4 loci
(CGE005, CGE006, CGE007, and CGE009) developed in

our previous study were analyzed in 3 C. gigas families.
Genotypic frequencies in parents and offspring in each
family at each of 20 loci were shown in Table 4. Of the
60 genotypic ratios observed (20 loci � 3 families), 24 came
from crosses between homozygous parents and thus
resulted in offspring identical to the parents or with the
expected heterozygote genotype. Thirty genotypic ratios
were in accordance with Mendelian expectations (P . 0.01).
At CGE022, genotypes of offspring could not be de-
termined in families PG2 because the sire could not be
amplified. Five genotypic ratios were not in agreement with
Mendelian segregation (Table 4). Four of the five genotypic
ratios (CGE020 in family PG2, CGE022 in family PG3, and
CGE012 in families PG1 and PG2) confirmed Mendelian
expectations when accounting for the presence of null
alleles (Table 4). Locus CGE025 in family PG1, which
exhibited distorted segregation ratio, was heterozygote
deficient for the genotype A/B.

Discussion

ESTs: A Rich Source of SSRs in C. gigas

A total of 147 microsatellite-containing EST sequences
(3.63%) were detected from 4053 EST sequences in C. gigas

EST database. The proportion of microsatellite-containing
ESTs in C. gigas is slightly higher than in Chinese shrimp
(2.2%, Wang et al. 2005); lower than in the black tiger shrimp
(13.7%), catfish (11.2%), and zebrafish (6.2%) (Serapion
et al. 2004; Maneeruttanarungroj et al. 2006); and similar to
that in various plant species (;5%, Varshney et al. 2005).

Random sequencing within cDNA libraries leads to a
high proportion of redundant ESTs. In our study, re-
dundancy was eliminated prior to analysis in order to reduce
the data set size. The frequency of SSRs in nonredundant
ESTs more accurately reflects the density of SSRs in the
transcribed portion of the genome. Before redundancy
elimination, the average density of EST–SSRs was 1 per
12.69 kb, whereas after redundancy elimination, the average
density was 1 per 8.25 kb.

In C. gigas ESTs, dinucleotide repeats were found to be
the most abundant (87.77%). The similar phenomenon was
also found in other marine species: catfish and Chinese
shrimp (Serapion et al. 2004; Wang et al. 2005). However, in
plant species, trinucleotide repeats are the most common
(Varshney et al. 2005). Of the dimeric EST–SSRs in C. gigas,
CG microsatellite type was not detected, which may be
a rare type in C. gigas ESTs. The similar phenomenon was
also detected in catfish ESTs (Serapion et al. 2004). Further
research is needed to determine if GC type holds true for
the entire C. gigas genome.

EST–SSRs Development and Polymorphism

Among the 16 EST–SSRs developed in our study, 14 primer
pairs amplified products of the expected length. The
exceptions (CGE019 and CGE023) produced products
ranging from approximately 150–200 bp larger than
expected and were most likely due to the presence of

Table 2. Summary of EST–SSRs from the EST database of
Crassostrea gigas

Parameter Value

Total number of ESTs searched 4053
Total number of ESTs with SSR 147
Total number of unigenes 2377
Total number of contigs 458
Total number of singletons 1919
Total length of unigenes (kb) 1147.352
Total number of unique SSRs 139
Frequency of SSRs 1 per 8.25 kb
Repeat type

Dinucleotide 122 (87.77%)
Trinucleotide 14 (10.07%)
Tetranucleotide 3 (2.16%)

Figure 1. Distribution of dinucleotide microsatellites.
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introns and insertions–deletions, which are not present in
EST sequences.

Because of greater EST sequences conservation in
transcribed regions, EST–SSRs are usually predicted to be
less polymorphic compared with genomic SSRs, and several
reports about plants have revealed that the level of EST–
SSR polymorphism was lower than that of genomic SSRs
(Cho et al. 2000; Gupta et al. 2003). However, some recent
studies reported high levels of polymorphism with EST–
SRRs (Eujayl et al. 2004; Saha et al. 2005), with cases where
EST–SSR markers were associated with equivalent or even
higher levels of polymorphism than genomic SSR (e.g.,
Liewlaksaneeyanawin et al. 2004; Varshney et al. 2005). Our
results also supported these observations. The number of
alleles per locus developed in this study (16 loci) and our
previous study (10 loci) ranged from 3 to18, with an average
of 7.55 alleles per locus. The range of number of alleles and
average number of allele per locus are larger than that
reported by Li et al. (2003), with 79 genomic microsatellites
analyzed on C. gigas (range of number of alleles: 2–10;
number of alleles per locus: 5.7), similar to that reported by
Sekino et al. (2003) (2–20; 10.6).

Interspecific Transferability

The high interspecific transferability is an important feature of
EST–SSRs due to the virtue of the sequence conservation of
transcribed regions of ESTs. Not surprisingly, high in-
terspecific transferability across Crassostrea species was
detected in our study. Twenty-three of the 26 (88.5%)
EST–SSR primer pairs developed for C. gigas produced strong
amplification products in both C. plicatula and C. ariakensis.
This interspecific transferability of EST–SSRs in C. gigas is
obviously higher than that of genomic SSRs. Hedgecock et al.
(2004) tested 86 genomic SSRs developed for C. gigas in cross-
species amplification, and only 31 (36.0%) were likely useful

for C. ariakensis. Sekino et al. (2003) analyzed the interspecific
transferability of 8 genomic SSRs of C. gigas and revealed 4
(50%) loci in C. ariakensis. The EST–SSRs developed from
C. gigas can be easily transferred to C. plicatula and C. ariakensis
for which very little molecular information is available. They
constitute a set of conserved orthologous markers, which
would be ideal for assessing genetic diversity in related species
as well as for cross-referencing transcribed sequences in
comparative genomics studies. Significant deficits of hetero-
zygotes and deviation from HWE were detected for 9 loci in
C. plicatula and C. ariakensis, suggesting the occurrence of null
alleles in the related species.

Mode of Inheritance and Null Alleles

In this study, 14 of the 20 tested EST–SSRs codominantly
segregated as expected in a Mendelian fashion in all families.
Null alleles in SSRs appear to be common in bivalves. In fact,
null alleles have been evidenced at the C. gigas microsatellites
from controlled crosses (McGoldrick et al. 2000; Launey and
Hedgecock 2001; Li et al. 2003). In our study, null alleles were
also detected. Of the 20 loci, null alleles were observed at 3
loci (CGE020, CGE022, and CGE012) (15.0%). Overall, 5 of
the 240 parental alleles (20 loci � 6 parents � 2) were null
alleles (2.1%). By contrast with genomic SSR markers, the
frequency of the C. gigas SSRs containing null alleles has been
reported to be 47.4% (9 of 19), 51.9% (41 of 79), and 66.7%
(16 of 24) (McGoldrick et al. 2000; Launey and Hedgecock
2001; Li et al. 2003). As McGoldrick et al. (2000) surveyed, of
172 parental alleles, 30 (17%) were null alleles. The frequency
of troublesome null alleles in C. gigas EST–SSRs was lower
than that of the genomic SSR markers, presumably owing to
greater sequence conservation in EST–SSR markers that are
adjacent to coding genes. The results obtained in this study
demonstrated that the SSRs developed from EST in the
Pacific oyster might be uniquely useful in population genetic

Table 3. Cross-species amplification of 16 EST–SSRs from Crassostrea gigas in other Crassostrea species including Crassostrea plicatula
and Crassostrea ariakensis

Locus

C. plicatula (n 5 16) C. ariakensis (n 5 16)

Na HO HE P Na HO HE P

CGE011 2 0.000 0.457 0.0000* 3 0.133 0.251 0.0320
CGE012 3 0.093 0.298 0.0000* 3 0.065 0.197 0.0000*
CGE013 2 0.032 0.493 0.0000* 4 0.312 0.672 0.0200
CGE014 4 0.643 0.771 0.0084 5 0.800 0.894 0.5560
CGE015 1 0.000 0.000 — 1 0.000 0.000 —
CGE016 2 0.029 0.033 0.0000* 2 0.000 0.378 0.0000*
CGE017 4 0.278 0.808 0.0001* 3 0.019 0.432 0.0000*
CGE018 3 0.098 0.438 0.0000* 3 0.132 0.498 0.0005*
CGE019 — — — — — — — —
CGE020 6 0.614 0.849 0.0050 5 0.533 0.841 0.0010
CGE021 3 0.346 0.669 0.0430 4 0.640 0.706 0.0718
CGE022 — — — — 2 0.000 0.371 0.0000*
CGE023 2 0.094 0.640 0.0000* 2 0.101 0.323 0.0160
CGE024 6 0.600 0.787 0.2349 6 0.333 0.614 0.0110
CGE025 3 0.291 0.523 0.0510 4 0.438 0.611 0.1940
CGE026 2 0.067 0.287 0.0000* 2 0.000 0.337 0.0000*

* Statistically significant after Bonferroni correction (P , 0.01/15).
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Table 4. Segregation analysis of microsatellite alleles in 3 Crassostrea gigas families

Locus Family Dam Sire Genotypes of progeny Expected ratio Observed ratio P value

CGE005 PG1 A/B A/A A/A:B/A 1:1 20:30 0.156
PG2 A/C A/D A/A:A/C:D/A:D/C 1:1:1:1 11:14:12:14 0.911
PG3 A/A A/D A/A:A/D 1:1 29:21 0.257

CGE006 PG1 A/A A/A A/A 1 51 —
PG2 A/B A/B A/A:A/B:B/B 1:2:1 15:24:12 0.775
PG3 B/B A/C A/B:C/B 1:1 27:23 0.571

CGE007 PG1 A/C B/B A/B:C/B 1:1 34:19 0.038
PG2 C/D B/C C/B:C/C:B/D:C/D 1:1:1:1 12:9:22:8 0.032
PG3 A/A B/B A/B 1 49 —

CGE009 PG1 B/C A/B A/C:A/B:B/B:B/C 1:1:1:1 18:8:13:11 0.241
PG2 D/C D/E D/D:C/D:D/E:C/E 1:1:1:1 10:12:11:16 0.654
PG3 F/F B/G F/B:F/G 1:1 22:28 0.396

CGE011 PG1 A/A A/A A/A 1 51 —
PG2 A/A A/A A/A 1 49 —
PG3 A/A A/A A/A 1 49 —

CGE012 PG1 A/X A/B (A/AþA/X):A/B:B/X 2:1:1 24:8:18 0.134
PG2 A/B B/X A/B:(B/XþB/B):A/X 1:2:1 11:19:20 0.062
PG3 A/B A/B A/A:A/B:B/B 1:2:1 18:19:12 0.157

CGE013 PG1 A/A A/A A/A 1 49 —
PG2 B/B B/C B/B:B/C 1:1 29:21 0.257
PG3 B/C B/B B/B:B/C 1:1 25:29 0.586

CGE014 PG1 B/B A/A A/B 1 50 —
PG2 A/B A/B A/A:A/B:B/B 1:2:1 18:23:11 0.301
PG3 A/B A/A A/A:A/B 1:1 29:21 0.257

CGE015 PG1 A/A A/B A/A:A/B 1:1 26:24 0.777
PG2 A/A A/A A/A 1 51 —
PG3 A/A A/B A/A:A/B 1:1 24:26 0.777

CGE016 PG1 A/B B/B A/B:B/B 1:1 26:23 0.668
PG2 C/C C/C C/C 1 50 —
PG3 A/C C/C A/C:C/C 1:1 34:17 0.016

CGE017 PG1 A/A A/A A/A 1 49 —
PG2 B/C B/D B/B:B/C:B/D:C/D 1:1:1:1 8:9:15:22 0.030
PG3 D/D D/D D/D 1 51 —

CGE018 PG1 B/B A/B A/B:B/B 1:1 29:23 0.405
PG2 A/A A/A A/A 1 50 —
PG3 B/C A/B A/B:A/C:B/B:B/C 1:1:1:1 10:19:11:14 0.321

CGE019 PG1 A/A A/A A/A 1 50 —
PG2 A/A A/A A/A 1 50 —
PG3 A/A A/A A/A 1 49 —

CGE020 PG1 A/B A/C A/A:A/B:B/C:A/C 1:1:1:1 16:16:8:9 0.193
PG2 D/X A/D A/D:(D/DþD/X):A/X 1:2:1 9:32:10 0.182
PG3 A/A A/A A/A 1 49 —

CGE021 PG1 A/A B/B A/B 1 49 —
PG2 A/B C/D A/C:A/D:B/C:B/D 1:1:1:1 8:14:14:13 0.531
PG3 A/C B/B A/B:C/B 1:1 27:23 0.571

CGE022 PG1 A/A A/A A/A 1 31 —
PG2 A/A NA
PG3 B/X A/B A/B:A/X:(B/BþB/X) 1:1:2 14:15:21 0.517

CGE023 PG1 A/C A/B A/A:AC:A/B:C/B 1:1:1:1 14:17:4:16 0.016
PG2 C/C C/C C/C 1 49 —
PG3 B/B B/B B/B 1 50 —

CGE024 PG1 A/B A/A A/B:A/A 1:1 26:23 0.668
PG2 B/C D/D B/D:C/D 1:1 27:23 0.571
PG3 B/B B/B B/B 1 49 —

CGE025 PG1 A/B A/B A/A:A/B:B/B 1:2:1 14:14:22 0.003
PG2 A/A C/C AC 1 49 —
PG3 A/A A/A A/A 1 50 —

CGE026 PG1 A/C B/D A/B:A/D:C/B:C/D 1:1:1:1 11:15:15:12 0.808
PG2 C/C A/A A/C 1 50 —
PG3 B/C A/A A/B:A/C 1:1 28:23 0.483
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analysis, pedigree analysis, and in anchoring linkage maps
across Crassostrea.
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