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Abstract Chromosomal structural rearrangement in
four scallops, Chlamys farreri (n = 19), Patinopecten
yessoensis (n =19), Chlamys nobilis (n =16) and
Argopecten irradians (n = 16), was studied by fluores-
cence in situ hybridization using histone H3 gene
probes. The results show that histone H3 gene sites
differ strikingly with regard to number, location, and
intensity among, or even within these species. For
example, two histone H3 gene loci were detected on
the metaphase chromosomes of P. yessoensis, while
one locus was found in the others. In P. yessoensis,
differing intensities of hybridization signals were de-
tected between homologues 5 and 11, and within
homologue 11. These data suggest that the histone H3
gene is a qualified chromosome marker for the pre-
liminary understanding of the historical chromosomal
reconstructing of the Pectinidae family. The variable
distribution patterns of the histone H3 gene suggest
that gene duplication/diminution as well as chromo-
some rearrangements by inversion and translocation
may have played important roles in the genomic evo-
lution of Pectinidae. We also compiled our present
results with former published data regarding the
chromosome mapping of rDNAs in species of the
Pectinidae family. Such comparative chromosomal
mapping should improve our understanding of histor-
ical chromosomal reconstructions of modern-day scal-
lops.
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Introduction

The family Pectinidae consists of more than 300 living
species. Since the late 18th century, a wide range of
systematic studies have been conducted in terms of
morphological features (Korobkov 1960; Waller 1991,
1993) and molecular phylogeny (Matsumoto and
Hayami 2000; Barucca et al. 2004). However, the
comparative cytogenetic investigations among Pec-
tinidae species have been poorly presented, and are
rarely informative in terms of phylogenetic estima-
tion. As documented by numerous cytogenetic data
over the past years (e.g. Komaru and Wada 1985;
Pauls and Affonso 2000), among the 16 scallops
examined, five showed haploid chromosome num-
bers (n = 13-16) and deviated from 19 (Insua et al.
1998; Wang and Guo 2004), which is now considered
to be the most frequent number among bivalves
(Thiriot-Quiévreux 2002). Moreover, deviation in
chromosome morphologies has been revealed in terms
of the fundamental number (NF), which has been
shown to range, for example, from 24 to 38 (Wang
and Guo 2004), so their karyotypes are actually highly
variable and not truly conservative. The exact evolu-
tionary mechanism that is responsible for the karyo-
typic variation in Pectinidae is unknown, but at least
two ancestral karyotypes have been proposed, 2n = 20
(Gajardo et al. 2002) and 2n = 38 (Wang and Guo
2004), and the major trends of these karyotypes are
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strongly controversial. This diversity suggests that
chromosomal rearrangements played significant roles
in the development of modern chromosomal varia-
tion, which in turn highlights the need for deeper
insight into the chromosome-reconstructing events in
this group.

The most frequently used technique for cytogeneti-
cally investigating interspecific comparisons is fluores-
cence in situ hybridization (FISH). FISH allows
researchers to gain a better resolution for the identifi-
cation of chromosomes and makes it possible to track
chromosomal rearrangements at a minute scale (Hirai
et al. 1996; Weiss and Maluszynska 2000; Ran et al.
2001). The easiest and most successful application of in
situ hybridization concerns the localization of moder-
ately long sequences that are repeated more than 100
times at one place in the genome (Macgregor and
Varley 1983). In bivalves, most comparative studies on
karyotypes have focused on repetitive sequences such
as ribosomal RNA genes (rDNAs). Consequently,
comparative studies on diverse bivalves have shown
that chromosome structures are incredibly dynamic in
terms of number and location of rDNAs (Insua and
Méndez 1998; Insua et al. 2001; Wang et al. 2004).
Wang and Guo (2004) conducted a FISH-detected
major and minor tDNA patterning study in Chlamys
farreri and Argopecten irradians and postulated
that chromosomal translocation and duplication may
play a dominant role in the karyotypic evolution of
Pectinidae.

Histone H3 is among the most conserved eukary-
otic proteins (Miller et al. 1993). Most histone H3
genes are repeatedly organized into clusters (Albig
et al. 1996), which makes them an ideal chromosomal
marker for tracking historical and ongoing karyotypic
repatterning. Consequently, histone gene mapping
with the FISH technique has been conducted in
many vertebrates, particularly humans, mice and fish
(Tripputi et al. 1986; Pendas et al. 1994; Drabent
et al. 1995; Wang et al. 1996). In bivalves, however,
little knowledge is available concerning sequence
information or the cytogenetic characteristics of his-
tone genes. In the present study, we developed the
histone H3 gene as a new FISH-detected marker,
and examined the redistribution of chromosomal
elements among four Chinese commercial scallops:
C. farreri (n =19, NF =38), C. nobilis (n =16,
NF = 19), Patinopecten yessoensis (n = 19, NF = 35),
and A. irradians (n = 16, NF = 21). We also compiled
our data with published chromosomal rDNA map-
ping data to evaluate the feasibility of studying
chromosomal rearrangements within the Pectinidae
family.
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Materials and methods
Scallop materials

The zhikong scallop (C. farreri), noble scallop (C. no-
bilis) and bay scallop (A. irradians) used in this study
were from an aquacultural hatchery in Penglai, Shan-
dong Province, China. The Japanese scallop
(P. yessoensis) was from an aquacultural hatchery in
Weihai, Shandong Province, China.

DNA preparation, PCR, cloning and sequencing

DNA extraction was carried out by the standard phenol-
chloroform procedure using adductor muscle (Sam-
brook et al. 1989). The purity and quality of DN A were
checked by 0.8% agarose gel electrophoresis. PCR
amplification of the histone H3 gene was performed
using a pair of primers (forward: 5-CGTAAATC-
CACTGGAGGCAAGG-3;reverse: 5-GGATGGCG
CACAGGTTGGTGTC-3), designed from the H3
nucleotide sequences of Pecten jacobaeus and Mim-
achlamys varia retrieved from GenBank (AY070153-
AY(070154). The amplification mixture contained
100 ng genomic DNA, 0.2 uM of each primer, 200 pM of
dNTP and 1U Taq polymerase (Promega) in a total
volume of 20 pl. Amplification was performed with a
PTC-100 thermocycler (MJ Research, USA). Cycling
conditions were as follow: 5 min at 94°C (denaturation);
30 cycles of 1 min at 94°C, 40 s at 66°C, and 1 min at
72°C; and a final 5 min at 72°C (extension). PCR prod-
ucts of the expected size (316 bp) were cloned into the
plasmid pMD18-T (Takara Inc., Dalian, China), and
sequenced on an ABI Prism 377 DNA sequencer. The
sequence results were compared with the GenBank
database. The nucleotide sequences have been depos-
ited in the NCBI database under accession numbers
DQ407913-DQ407916.

Chromosome preparation and FISH

Following treatment with colchicine (0.01% )for 2 h at
room temperature, the trophore larvae were exposed
to 0.075 M KCI solution for 30 min and then fixed
three times (15 min each) in fresh ethylalcohol/glacial
acetic acid solution (3:1). After being treated with 50%
acetic acid, the fixed larvae were dissociated into a cell
suspension, and then dropped onto hot-wet slides and
air-dried.

In FISH experiments, we used recombinant clones
as probes, which were labeled by PCR with biotin-
16-dUTP. Chromosome spreads were pretreated with
100pg/ml DNase-free RNase A in 2x SSC for 1 h at
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37°C, and then treated with 0.005% pepsin in 10 mM
HCI for 10 min at 37°C. Chromosome preparations
were denatured in a mixture containing 70% form-
amide and 2x SSC at 72°C for 2 min, dehydrated
with a chilled ethanol series (70, 90, and 100%;
5 min each), and then air-dried. Slides were then
incubated with 20 pl of denatured hybridization mix
(5 ng/ul probe, 10% dextran sulphate, 250 ng/pl sal-
mon sperm DNA, 50% deionized formamide in 2x
SSC, 80°C for 5 min and cooled immediately) for
16 h at 37°C in a moist chamber. After hybridization,
slides were washed three times (5 min each) in 50—
60% formamide in 2x SSC at 45°C, three times
(5 min each) in 1x SSC at 45°C, once for 5 min in 2x
SSC at RT. Hybridized probes were detected with
fluorescein-labeled avidin DCS (Vector Laborato-
ries). Chromosomes were counterstained with 1.5 pg/
ml propidium iodide (PI) in antifade solution (Vector
Laboratories). Slides were observed using a Nikon
Eclipse-600 epifluorescence microscope equipped
with a CCD camera. The signals were collected using
appropriate filter sets and LUCIA software (Labo-
ratory Imaging).

Results

We examined at least 50 good chromosome spreads
for each species. Even without additional optimizing
procedures for the hybridization and washing condi-
tions, FISH yielded a high signal/background ratio on
the spreads. Our results show that the histone H3
gene was clustered around a single locus on the
chromosomes of C. farreri, C. nobilis and A. irradians,
and was mapped at two different loci in P. yessoensis.
The localization of the histone H3 gene on the
chromosomes exhibited significant polymorphism
among the four scallops studied: in A. irradians, it was
mapped to the largest telocentric chromosome that
could be assigned to pair 1 (Wang and Guo 2004),
located about one-third of the way from the centro-
mere to the telomere (Fig. 1a, e); in C. nobilis, at the
telomeric region of a telocentric chromosome pair 7
(Fig. 1b, f) (Komaru and Wada 1985); in C. farreri, on
the telomeric region of the short arm of a large sub-
metacentric chromosome that could be assigned to
pair 2 (Fig. 1c, g) (Wang and Guo 2004); and in
P. yessoensis, on two different pairs of chromosomes,
one at an interstitial site on the short arm, about half
the arm-length away from the centromere of a large
submetacentric chromosome (pair 5), and the other
about halfway from the centromere to the telomere of
a small subtelocentric pair (pair 11) (Fig. 1d, h).

The different intensities of the hybridization signals
between chromosome pairs 5 and 11, and within the
two homologues of pair 11, were clearly obvious in
P. yessoensis. By examining 50 metaphases, we found
that about 80% displayed brighter signals in chromo-
some pair 11 than in 5. Up to 57% of the metaphase
spreads showed a difference in the intensities of his-
tone H3 gene signals between the two homologues of
pair 11.

Discussion
FISH mapping of histone H3 gene in four scallops

Based on the chromosomal localization of the histone
H3 gene among the four species, the chromosomes
carrying histone H3 gene varied from submetacentrics
to telocentrics, and the location of the histone H3 gene
differed from the interstitial to the telomeric region.
Particularly, in P. yessoensis, two loci were found on
different homologous pairs, while only one locus was
found in the other three species examined. The vari-
able distribution patterns of the histone H3 gene sug-
gest that gene duplication/diminution, as well as
chromosome rearrangements by inversion and trans-
location, may have played important roles in the
genomic evolution of Pectinidae.

The phenomenon of different intensities for
hybridization signals between chromosome pairs 5
and 11 in P. yessoensis is very similar to that of FISH-
detected major rRNA genes in the razor clam Solen
marginatus (Fernandez-Tajes et al. 2003) as well as the
histone genes in Mytilus galloprovincialis (Eirin-Lopez
et al. 2002, 2004). A possible explanation for the
mechanism responsible for this phenomenon might be
gene duplication followed by non-homologous recom-
bination or a translocation event. Subsequently, small
rearrangements would result in the gradual breakup,
dispersal or shrinking of one pair, and, as a result,
different chromosomal pairs would contain different
copy numbers of the histone H3 gene. This explanation
corresponds well with the distinct intensities of FISH
signals we observed. Within the two homologues of
pair 11, 57% of the metaphase spreads showed differ-
ent intensities for the hybridization signals, which is
consistent with the results reported by Insua et al.
(1998). A likely cytogenetic explanation could be
unequal crossover during meiosis, or unequal
exchanges between mitotic sister chromatin within the
histone H3 gene repetitive sequences of homologue 11.
This mechanism might result in one of these two
sequences becoming too small to be visualized by
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Fig. 1 FISH signals and chromosomal location of histone H3
gene in (a), A. irradians; (b), C. nobilis; (¢), C. farreri; (d),
P. yessoensis. Arrows indicate histone H3 gene sites. (e),
karyotype of A. irradians; (f), karyotype of C. nobilis; (g),

FISH, while the amplified one rapidly expands in size
and becomes much more cytogenetically detectable
than its counterpart.

There is possibility that homomorphic variants as
H3.3 could be revealed by FISH using a probe de-
signed from a canonical H3 gene due to the subtle
differences between them at the protein level. How-
ever, little is known about histone variants in bivalves.
According to our analysis of nucleotide sequences of
H3.3 (AY916802) and H3 (DQ067446) in the Manila
Clam Venerupis philippinarum retrieved from Gen-
Bank, identities between these two genes are less than
80%. In our study, post-hybridization washes were
carried out at a stringency of ~80% to 86%, thus these
signals should mostly result from canonical H3 genes.

Karyotype evolution implied based on the
localization of histone H3 and rRNA genes in
Pectinidae

In scallops, FISH analysis with tandem moderately
repetitive TRNA genes proved to be very effective for
preliminarily understanding genomic reconstruction at
the cytogenetic level (Wang and Guo 2004). Chromo-
some mapping of the histone H3 gene has turned out to
be another qualified chromosomal marker. The vari-
able distribution patterns make it very informative and
even more efficient than rDNA when proposing
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karyotype of C. farreri; (h), karyotype of P. yessoensis.
Chromosome numbering is based on descending order of relative
length and the chromosomes carrying the histone H3 gene are
underlined

evolutionary chromosome changes in Pectinidae. We
compiled our present data with previously published
chromosome mapping data for major and minor rRNA
genes in Pectinidae (Table 1).

(1) Histone H3 and major and minor rRNA genes
were localized on one or two chromosome pairs
in each genome, and the number of these markers
was found to be unrelated to the haploid number
of the corresponding scallops. Regarding histone
H3 genes, P. yessoensis (n = 19) bears duplicate
loci, while the other three, with haploid numbers
ranging from 16 (C. nobilis and A. irradians) to 19
(C. farreri), bear only one locus. Major rRNA
genes are clustered in one locus in C. farreri and
A. opercularis (n = 13), while for the other three
scallops with haploid numbers ranging from 16
(A. irradians) to 19 (Hinnites distortus and
P. yessoensis), they were in two loci. With regard
to minor rRNA genes, they are clustered in two
loci on the same chromosome in A. opercularis,
while only one locus has been found in the other
species that possess high haploid numbers.

(2) The localization of the three markers is highly
variable among species. Major rRNA genes have
a tendency to be localized at the distal regions of
chromosomes, but they vary in position from long
arms (A. operculari) to short arms (P. yessoensis,
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Table 1 Summary of the location of the histone H3 and rRNA genes in Pectinidae

Minor rDNA multigene family

Major rDNA multigene family

n histone H3 multigene family

Species

References

Type b

Type ® References No. Location *

Type ® References No. Location

No. Location ?

pericentromeric, q st Loépez-Pinén

1

Loépez-Pinén

(peri)centromeric st

2

19 unknown

Hinnites distortus

et al. (2005)

et al. (2005)

unpublished

(peri)centromeric st

telomeric, p

unknown

sm
sm

In this study 2

19 2 interstitial, p sm

Patinopecten yessoensis

telomeric, p

interstitial, q st

telomeric, p

Wang

sm/st ¢

interstitial, q

sm/st © Wang

In this study 1  telomeric, p

sm

1

19

Chlamys farreri

and Guo (2004)

and Guo (2004)

unknown

In this study unknown

In this study 2

t

telomeric, q

1

16
16

Chlamys nobilis
Argopecten irradians

Wang

t

interstitial, q

Wang

st

telomeric, p

interstitial, q t

and Guo (2004)
Insua et al. (1998)

and Guo (2004)

telomeric, p

m/sm ¢

interstitial ©

2

Insua

telomeric, q

1

Aequipecten opercularis 13 unknown

m/sm ¢

interstitial ©

et al. (1998)

# p: short arm; g: long arm

b

metacentric, sm = submetacentric, st = subtelocentric, t = telocentric; m/sm and sm/st are chromosomes that overlap two categories

m=

¢ d represents the same chromosome, respectively

¢ represents the same arm

®)

C. farreri and A. irradians). Minor rRNA genes
are mostly localized in interstitial regions of
chromosomes. However, chromosomes that carry
this gene are morphologically distinct, and vary
from metacentric (A. opercularis), to acrocentric
(H. distortus and C. farreri), to telocentric
(A. irradians).

Our data regarding the histone H3 gene locus
and previous research on chromosome mapping
of major and minor rRNA genes (Wang and Guo
2004), along with the phenomenon that a wide
range of species in Pectinidae share a conserva-
tive diploid number of 38 (Thiriot-Quiévreux
2002), we assume that chromosomal translocation
(Wang and Guo 2004) and inversions, rather than
Robertsonian translocations (which explain rapid
changes in chromosome numbers), may be the
major mechanisms by which Pectinidae species
experienced chromosomal evolution. At present,
chromosome mapping of these markers is not
sufficient to infer karyotypic relationships among
modern-day scallops. Wang and Guo (2004)
found that major and minor rRNA genes are
located on the same chromosome in C. farreri but
on three different chromosomes in A. irradians,
and consequently suggested that the karyotype of
C. farreri is pleisomorphic, while that of A. irra-
dians is derived. It may be questionable as the
localization of major and minor rRNA genes
on different chromosomes is common in other
bivalves, such as A. opercularis, H. distortus,
M. galloprovincialis and M. edulis (Insua et al.
1998, 2001; Lopez-Pifidén et al. 2005). Variations
with these markers are more suited to discussing
the sort of chromosomal changes involved in
genome evolution, rather than in accurately
reflecting the evolutionary dynamics of each
constituent in a karyotype. Most importantly,
though these markers reflect numerous chromo-
some reconstructions, it is impossible to use them
to formulate a major historical trend of chro-
mosomal evolution or to therefore infer the
ancestral karyotype of Pectinidae.

Summary

In this study, we developed the histone H3 gene as a

marker for the chromosomal research of scallops.

Combined with the FISH technique, it provided a good
opportunity to examine current gene dispersal, and
thus to deduce historical chromosome repatterning in
the genomic evolution of scallops. Our data, combined

with those from previous reports on chromosome
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mapping of major and minor rRNA genes, suggest that
gene duplication/diminution, as well as chromosome
rearrangements by inversions and translocation, may
have played important roles during chromosome evo-
lution in Pectinidae. Recognizing the events of chro-
mosome reconstruction also sheds light on the need to
expand our research on chromosomal macromutations
to encompass a wider range of bivalve species.

Acknowledgements The authors thank Dr. Ke Bi (University
of Guelph, Canada) for critically reviewing the manuscript. This
work is supported by grants from Hi-Tech Research and
Development Program of China (2005AA603220) and National
Natural Science Foundation of China (30300268).

References

Albig W, Ebentheuer J, Klobeck G, Kunz J, Doenecke D (1996)
A solitary human H3 histone gene on chromosome 1. Hum
Genet 97:486-491

Barucca M, Olmo E, Schiaparelli S, Canapa A (2004) Molecular
phylogeny of the family Pectinidae (Mollusca: Bivalvia)
based on mitochondrial 16S and 12S rRNA genes. Mol
Phylogenet Evol 31:89-95

Drabent B, Kardalinou E, Bode C, Doenecke D (1995) Associ-
ation of histone H4 genes with the mammalian testis-specific
H1t histone gene. DNA Cell Biol 14:591-597

Eirin-Lopez JM, Fernanda Ruiz M, Gonzédlez-Tizén AM,
Martinez A, Sanchez L, Méndez J (2004) Molecular evolu-
tionary characterization of the mussel Mytilus histone mul-
tigene family: first record of a tandemly repeated unit of five
histone genes containing an H1 subtype with“‘orphon” fea-
tures. J Mol Evol 58:131-144

Eirin-Lépez JM, Gonzalez-Tizon AM, Martinez A, Méndez J
(2002) Molecular and evolutionary analysis of mussel his-
tone genes (Mytilus spp.): possible evidence of an “orphon
origin” for H1 histone genes. J Mol Evol 55:272-283

Fernandez-Tajes J, Gonzalez-Tizén A, Martinez-Lage A, Mén-
dez J (2003) Cytogenetics of the razor clam Solen margin-
atus (Mollusca: Bivalvia: Solenidae). Cytogenet Genome
Res 101:43-46

Gajardo G, Parraguez M, Colihueque N (2002) Karyotype
analysis and chromosome banding of the Chilean-Peruvian
scallop Argopecten purpuratus (Lamarck, 1819). J Shellfish
Res 21:585-590

Hirai H, Yamamoto MT, Taylor RW, Imai HT (1996) Genomic
dispersion of 28S rDNA during karyotypic evolution in the
ant genus Myrmecia (Formicidae). Chromosoma 105:190-196

Insua A, Freire R, Rios J, Méndez J (2001) The 5S rDNA of
mussels Mytilus galloprovincialis and M. edulis: sequence
variation and chromosomal location. Chrom Res 9:495-505

Insua A, Lépez-Pindén MJ, Méndez J (1998) Characterization of
Aequipecten opercularis (Bivalvia: Pectinidae) chromo-
somes by different staining techniques and fluorescent in situ
hybridization. Genes Genet Syst 73:193-200

Insua A, Méndez J (1998) Physical mapping and activity of
ribosomal RNA genes in mussel Mytilus galloprovincialis.
Hereditas 128:189-194

@ Springer

Komaru A, Wada KT (1985) Karyotypes of four species in the
Pectinidae (Bivalvia: Pteriomorphia). Venus 44:249-259
Korobkov IA (1960) Family Pectinidae Lamarck, 1801. In: Orlov
UA (ed) Osnovy Paleontologii, Mollusca-Loricata, Bivalvia
and Scaphopoda. Academy Nauk USSR, Moscow, pp 82-85

Lépez-Piion MJ, Insua A, Méndez J (2005) Chromosome
analysis and mapping of ribosomal genes by one- and two-
color fluorescent in situ hybridization in Hinnites distortus
(Bivalvia: Pectinidae). J Hered 96:52-58

Macgregor HC, Varley JM (1983) Working with animal chro-
mosomes. John Wiley and Sons Ltd, Chichester and New
York

Matsumoto M, Hayami I (2000) Phylogenetic analysis of the
family Pectinidae (Bivalvia) based on mitochondrial cyto-
chrome C oxidase subunit I. J] Moll Stud 66:477-488

Miller DJ, Harrison PL, Mahony TJ, McMillan JP, Miles A,
Odorico DM, ten Lohuis MR (1993) Nucleotide sequence of
the histone gene cluster in the coral Acropora formosa
(Cnidaria; Scleractinia): features of histone gene structure
and organization are common to diploblastic and triplo-
blastic metazoans. J] Mol Evol 37:245-253

Pauls E, Affonso PR (2000) The karyotype of Nodipecten
nodosus (Bivalvia: Pectinidae). Hydrobiologia 420:99-102

Pendas AM, Moran P, Garcia-Vazquez E (1994) Organization
and chromosomal location of the major histone cluster in
brown trout, Atlantic salmon and rainbow trout. Chromo-
soma 103:147-152

Ran Y, Hammett RWK, Murray BG (2001) Phylogenetic anal-
ysis and karyotype evolution in the genus Clivia (Amaryl-
lidaceae). Ann Bot 87:823-830

Sambrook J, Fritsch EF, Maniatis T (1989) Molecular cloning: a
laboratory manual, 2nd edn. Cold Spring Harbor Labora-
tory Press, Cold Spring Harbor, New York

Thiriot-Quiévreux C (2002) Review of the literature on bivalve
cytogenetics in the last ten years. Cah Biol Mar 43:17-26

Tripputi P, Emanuel BS, Croce CM, Green LG, Stein GS, Stein
JL (1986) Human histone genes map to multiple chromo-
somes. Proc Natl Acad Sci USA 83:3185-3188

Waller TR (1991) Evolutionary relationship among commercial
scallops (Mollusca: Bivalvia: Pectinidae). In: Shumway SE
(ed) Scallops: biology, ecology and aquaculture. Elsevier,
Amsterdam, pp 1-73

Waller TR (1993) The evolution of “Chlamys” (Mollusca: Biv-
alvia: Pectinidae) in the tropical western Atlantic and east-
ern Pacific. Am Malacol Bull 10:195-249

Wang Y, Guo X (2004) Chromosomal rearrangement in Pec-
tinidae revealed by rRNA loci and implications for bivalve
evolution. Biol Bull 207:247-256

Wang Y, Xu Z, Guo X (2004) Differences in the rDNA-bearing
chromosome divide the Asian-Pacific and Atlantic species
of Crassostrea (Bivalvia, Mollusca). Biol Bull 206:46-54

Wang ZF, Tisovec R, Debry RW, Frey MR, Matera AG,
Marzluff WF (1996) Characterization of a 55-kb mouse
histone gene cluster on chromosome 3. Genome Res 6:702—
714

Weiss H, Maluszynska J (2000) Chromosomal rearrangement in
autotetraploid plants of Arabidopsis thaliana. Hereditas
133:255-261



	Chromosome rearrangements in Pectinidae \(Bivalvia: Pteriomorphia\) implied based on chromosomal localization �of histone H3 gene in four scallops
	Abstract
	Introduction
	Sec1
	Materials and methods
	Sec2
	Scallop materials
	Sec3
	DNA preparation, PCR, cloning and sequencing
	Sec4
	Chromosome preparation and FISH
	Sec5
	Results
	Sec6
	Discussion
	Sec7
	FISH mapping of histone H3 gene in four scallops
	Sec8
	Karyotype evolution implied based on the localization of histone H3 and rRNA genes in Pectinidae
	Sec9
	Fig1
	Summary
	Sec10
	Tab1
	Acknowledgements
	References
	CR1
	CR2
	CR3
	CR4
	CR5
	CR6
	CR7
	CR8
	CR9
	CR10
	CR11
	CR12
	CR13
	CR14
	CR15
	CR16
	CR17
	CR18
	CR19
	CR20
	CR21
	CR22
	CR23
	CR24
	CR25
	CR26
	CR27
	CR28
	CR29


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


