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Abstract
ȱȱȱ¢ȱȱ¢ȱȱȱ¢ȱȱȱ¢ȱǯȱȱ
ȱȱ¢ȱȱȱȱȱ Ȭŗȱȱȱȱ¢ȱ Ȭŗȱΐǯȱȱ
ȱȱȱȱȱȱȱȱȱȱ ȱȱȱȱȱ
ȱȱȱǯȱ

ȱ¢ȱȱȱǻ Ǽȱȱ
oysters have been documented in various coun-

higher error rate inherent in a particular DNA
polymerase should make error prone regions

ȱȱȱȱȱȱȱȱȱȱ
¢ȱȱȱȱȱȱȱȱȱ

ȱȱǰȱȱȱȱȱȱǰȱ

ȱȱȱǻ£ȱȱǯǰȱŘŖŖŗǲȱŘŖŖŗǲȱ

ȱǯȱǰȱȱȱȱȱ

ICES, 2004; Davison et al., 2005; Friedman et al.,
ŘŖŖśǼǯȱ ȱę¢ȱȱȱ¢ȱǰȱ

genomes can occur through recombination
ȱȬȱȱěȱȱǻ·ǰȱ

as various species have been documented with

ŘŖŗřǼǯȱ  ȱȱȱȱěȱȱ

ȱȱȱęȱ¢ȱǻCras-

ȱȱȱȱȱĚȱȱȱ

sostrea gigas), American oyster (C. virginica),

ȱ ȱȱȱĚȱȱȱȱȱ

Portuguese oyster (C. angulataǼǰȱȱĚȱ
oyster (Ostrea edulisǼǰȱȱĚȱ¢ȱO. (=

ȱȱȱȱȱĴǯ

Tiostrea) chilensis, Manila clam (Ruditapes philip-

ȱȱȱȱǰȱȱȱęȱ
oysters (C. gigas) have been occurring in Cata-

pinarum), carpet shell clam (R. decussatus), and
scallop (Pecten maximus) (ICES, 2004).

ȱȱ¢ȱȱȱȱȱȱ

lonia in the Ebro Delta, the most important
ęȱȱȱȱȱȱ-

ȱȱȱȱȱȱȱ
entities due in a large part to the higher error
ȱȱȱ¢ȱǻě¢ȱȱǯǰȱŘŖŖŞǼǯȱȱ
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ǲȱȱȱȱȱȱ
ȱ ȱȱȱȱȱȱȱ
ȱȱȱ ȱǻȱȱǯǰȱŘŖŗŘǼǯȱȱȱ

ŗşŜǰȱǯȱǯȱǯȱȱǯǰȱřŚǻśǼȱŘŖŗŚ

ǰȱȱȱȱȱȱ
oysters was increased in 2005 due to recurrent

ȱȱ¢ȱȱȱȱ¢ȱ
pathogen.

¢ȱȱȱȱȱȱĴȱȱ
ȱȱȱȱǯȱȱȱŘŖŖŞǰȱ

¢ȱ ȱȱȱěȱȱ

ęȱ¢ȱȱȱȱ¢ȱěȱ

ȱȱ¢ȱȱȱȱȱěȱǱȱ

ecosystems along the entire French coastline
experienced greatly increased mortalities. Ac-

one regional (OSTROMORT: 2007-2010), one
national (HERPEMOL: 2011-2012) and one

cording to reports (Segarra et al., 2010), mortal-

international (BIVALIFE: 2011-2013). Within

¢ȱȱȱȱŚŖƖȱȱŗŖŖƖǰȱȱěȱ
mostly juveniles. Coinciding with these mortal-

each project the sampling schedules had some
ǰȱȱȱȱȱȱȱȱ-

ity events in France, high mortality rates were

tality events in the spring, as well as pre- and

experienced in the Ebro Delta region where
ȱ¢ȱȱ¢ȱȱȱȱǯȱȱ
ȱ¢ȱȱȱȱȱ

post-mortality periods in their respective years.
ȱ ȱȱȱ ȱȱǰȱ

under investigation.

2,500 oysters were tested between 2005 and

ȱȱ¡ȱȱȱ ǰȱ ȱ ȱȱȱȱȱǰȱȱȱǰȱ

2013. There is C. gigas culture in both bays but
it is more dominant in Fangar Bay. Sampling
ȱȱ¡¢ȱ¢ǰȱȱ

ȱ ȱȱȱȱȱȱ¢ǯȱ ȱ

řŖȱȱ ȱȱȱȱȱȱ

regards to ostreid herpesvirus in the Ebro Delta

production sites within each bay. Depending on

ȱȱǰȱ Ȭŗȱ ȱȱȱ
ȱęȱȱ¢ȱȱȱȱŘŖŖśȱȱȱ¢ȱ
 ȱǯȱȱȱȱȱ
ȱȱȱȱȱȱȱ
ȱȱȱ¢ȱ ȱȱ ȱȱ
ěȱǯȱȱȱȱǰȱ-

ȱȱȱ¢ȱȱȱȱȱǰȱ

ȱȬȱȱȱȱ

Ĵȱȱȱ¢ȱȱȱ-

been applied: PCR, sequencing, or PCR-RFLP
ǻȱȱǯǰȱŘŖŗŘǼǯȱȱȱȱȱ

tality events. Oyster samples were initially
ȱȱȱȱǰȱȱ

these surveillance measures has been to gain

periods associated with mortality episodes:

ȱȱȱȱ¢ȱȱȱȱ

ȱǻȦǼǰȱȱǻ¢Ȧ Ǽǰȱȱ

to aid in alleviating them. We present here a

ȱǻ ¢ȬǼǯȱȱȱȱ

ȱ¢ȱȱȱȱȱȱ¢ȱ
ȱȱŘŖŖśȱȱŘŖŗřǯȱȱȱȱȱ

was extended in 2013 to include January and
November sample dates to observe more data
during cold weather months.

ȱȱȱȱȱȱȱȱȱ
ȱ ȱȱȱȱȱȱȱ
ȱȱȱ ȱǱȱȱȱȱȱ Ȭŗȱȱȱ ȱ
ȱΐȱǲȱȱȱȱȱȱȱ ȱȱȱȱȱȱȱ

ȱ¢ȱȱȱ¢ǰȱȱ¡¢ȱ

ȱȱȱȱȱȱȱȱ
work are currently being analysed (Rodgers
et al., in preparation). OsHV DNA surveillance was initiated in 2005 and beginning in
2007 a sampling scheme was implemented to

¡¢ȱśŖȱȱȱȱ ȱȱ
and subjected to DNA extraction (Qiagen Kit)
ȱ¢ȱȱ¡ȱȱ ȱȱ
¢ȱ¢ǯȱȱȱśŖȱȱȱ
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ȱ ȱęȱȱȱŘȱȱŜȱ
(Arzul et al., 2001a). They were then analysed
ȱ¢ȱȱȱȱ ȱǻȱȱǯȱ

algae blooms. These multiple stressors make
¢ȱǯȱ  ǰȱȱȱ

ŘŖŗŘǼȱȦȱȱȱȱȱ

ȱȱȱǰȱȱȱrus type strain was detected, but at a very low

same primers as those used in the original am-

ȱȱȱȱȱŘŖŖśȱȱ

ęȱǻȱ ȱǰȱǼǯ

ǯȱȱ¢ȱȱȱ¢ȱsodes became notably more severe beginning

ȱ ¢ȱ ȱ ȱ ȱ ȱ ȱ -

ȱŘŖŖŞȱǻȱȱǯǰȱŘŖŗŘǼǰȱȱȱ ȱ

¢ȱȱ ȱȱ ȱŖƖǯȱȱęȱ
OsHV-1 positive samples were detected in the

extreme mortality rates throughout the French

Ebro Delta in 2005. The sequences obtained

et al., 2011). Although our data set is lacking

ȱȱȱ ȱȱĜ¢ȱȱ
ȱ¢ȱȱ Ȭŗǯȱȱȱȱ

ȱȱŘŖŖŜǰȱȱ¢ȱ¢ȱȱȱȱ
Śȱȱȱ ȬŗȱȱȱŘŖŖŞȱȱ
ȱȱȱȱȱȱ¢ȱ
ȱȱ ȱŘŖŖŞȱȱŘŖŗŖȱǻȱȱ

ȱȱȱŘŖŖśǰȱŘŖŖşǰȱȱŘŖŗŖȱ ȱ
sequenced, but only samples obtained in 2005
revealed diversity within the simple sequence

ĴȱȱǻȱȱǯǰȱŘŖŗŖǲȱȱ

al., 2011). It is also an observation somewhat

repeat (SSR) region [ACT]n, now described
as the H10 microsatellite (Renault et al. 2014).

remarkable when considering that in another
¢ȱȱȱȱǻŘŖŗŘǼȱȱȱ

ȱ ȱȱȱȱȱȱŘŖŖŜǯȱ

4 to be the most polymorphic region analysed
ȱȱȱȱȱȱǯȱ

ȱŘŖŖŝȱȱȱ ȱȱ ȱtected although 109 animals were tested. In the
ȱ¢ȱǻŘŖŖŞȬŘŖŗřǼȱȱ ȱ¢ȱȱ
 Ȭŗȱΐȱ¢ȱȱ ȱǯȱȱ

ȱȱȱȱ Ȭŗȱȱised in part by several mutations near the open

also demonstrated this using the PCR-RFLP as

ȱȱŚȱǻȱŚǼȱȱȱȱȱȱȱ

ȱȱȱ¢ȱ ȱȱ

genome (Segarra et al., 2010) (Figure 1). The in-

between the two genotypes. This same chrono-

ability to detect the type strain (OsHV-1) in the

ȱĴȱȱȱȱȱ¢ȱ

past eight years may be due to natural genetic

ȱȱ ŗŖȱȱ ȱȱȱȱȱ
¢ȱ¢ȱȱ ȱȱȱǻȱ
et al., 2014).

ǰȱǰȱȱȱde novo introducȱȱȱΐȱǰȱ ȱȱȱ
the previously existing type-strain. Regardless
ȱȱǰȱȱ¢ȱȱȱ¢ȱȱ

Oyster culture in the Ebro Delta region began
on a commercial scale in the 1950’s, with a later
ȱǻŗşŞŖȂǼȱȱȱęȱ¢ȱǻC.

ȱȱ ŗŖȱȱȱȱȱȱ
Ěȱȱȱȱȱȱȱ
ȱȱȱȱȱȱȱȱȱȱ

gigasǼǯȱȦȱȱȱȱȱ
ȱȱ¢ȱȱȱȱ ȱǻ-

ȱ ȱȱȱ¢ȱȱȱȱ

mont et al., 2010). In the Mediterranean, summer

ȱȱ¢ȱȱȱȱȱ

ȱ¢¢ȱȱȱȱȱȱȱȱ
ȱȱȱ ȱǰȱȱ

śȼȱȱȱǻǼȱȱȱŚȱȱȱ ¢ȱ
which alters thermal stability thereby reliev-

¡¢ȱǰȱȱȱȱȱȱ¡ȱ

ing secondary structure in the 5´ UTR which

ǯȱȱǽǾȱ¢ȱȱȱĚȱ

ŗşŞǰȱǯȱǯȱǯȱȱǯǰȱřŚǻśǼȱŘŖŗŚ

¢ȱȱȱȱȱȱȱ
ȱǻȱȱǯǰȱŘŖŖŜǼǯȱ¢ȱ

ȱȱȱǯȱ¢ǰȱȱȱ
¢ȱȱȱȱȱȱȱŚȱ-

ȱȱȱśȼǰȱȱȱȱ ȱ

ȱȱȱȱȱȱȱȱ

ȱǰȱȱȱ ȱȱȱȱęȱ

a DNA polymerase (although it does not encode

ȱȱȱĜ¢ȱȱȱȱ

ȱȱȱ¢Ǽǰȱȱȱ-

and translation initiation (Babendure et al.,
ŘŖŖŜǲȱȱȱǰȱŗşşśǼǯȱȱ¢ȱȱ

ȱȱȱȱȱȱȱȱ
replication. In recent work on the transcriptome

ȱȱȱ¢ȱȱȱ

ȱȱȱȱ¡ȱǰȱȱ

śȼȱȱ¢ȱȱȱ¢ȱȱȱ¢ȱ

4 was shown to be highly expressed early in the

Ěȱ¢ȱȱȱ-

ȱ¢ȱȱȱ¢ȱȱ

ǯȱȱȱȱ Ȭŗȱΐȱȱ

(Segarra et al., 2014) which is in accordance

ȱȱȱȱȱȱȱȱ ȱ ȱȱȱŗŜķȱ
ǻĴȱȱǯǰȱŘŖŗřǼȱ ȱȱȱ¢Ȭ ȱ

ȱȱȱȱȱȱȱȱȱ
gene is still unknown.

ȱȱȱȱȱȱȱ

ȱȱȱȱȱȱȱ

ȱǯȱȱȱȱȱȱ

ȱȱȱȱȱȱȱ

is somewhat later in Ireland, in July, as might
ȱ¡ȱȱȱȱȱǻȱ

presented in this note is speculation, it is based
ȱ¢ȱȱȱȱȱȱ

et al., 2012).

ȱȱęȱ ȱ Ȭȱ¢ȱ
described genetic regulatory mechanisms; it also

ȱȱȱ Ȭŗȱȱȱȱȱ

ȱȱȱȱȱȱȱ

2002 and 2003 using PCR detection Friedman
ȱȱǻȱȱǯǰȱŘŖŖśǼȱȱȱ

ȱ¢ȱȱȱȱȱȱ
ȱǯȱȱȱȱȱȱ ŗŖȱ-

ȱȱŗȦŜȱȱȱ¢ȱȱȱ
ȱŘȦŜȱȱ¢ȱȱȱǯȱ
This implies a deletion in the upstream region
ȱȱŚȱ ȱȱȱȱ

sat region seen in previous years is taken into

quite near the C2 primer binding site (Figure 1).
ȱȱȱȱȱŘȦŜȱȱȱ

ȱȱȱȱǰȱȱȱȱ Ȭŗȱ
ȱȱȱȱȱǯȱȱ

ȱȱ Ȭŗȱȱȱȱǻ£ȱȱ

research should be conducted to understand

ǯǰȱŘŖŖŗǼȱȱȱǻȱȱǯǰȱŘŖŖśǼȱ

more clearly the gene regulatory mechanisms

may have acted to shorten the distance between

ȱȱȱȱȱȱ

ȱȱȱȱȱȱȱȱ ȱȱ
codon (Figure 1) thereby enhancing translation

ȱȱǰȱȱȱȱ¢ȱȱęȱȱȱȱȱȱȱ Ȭŗȱ

Ĝ¢ǰȱȱȱȱȱȱȱ

genome. Site-directed mutagenesis together

ȱ¢ȱǻȱȱǯǰȱŗşşśǼǯȱȱȱȱȱȱȱȱȱĚȱȱȱ

with in vitro transcriptional analyses may be
ȱȱȱȱę¢ȱȱ

ȱȱȱȱȱȱ
ǯȱ¢ȱȱ¢ȱĚȱ¢ȱ

ȱȱȱȱȱȱȱ
ȱĚȱȱȱȱ¢ȱȱ

ȱȱȱśȼȱȱȦȱ¢ȱȱ-

ȱȱǯȱ

consideration, it appears very likely that this
hypervariable region is now under some type
ȱȱǯȱȱȱȱȱ
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Figure 1.ȱ¡ȱȱȱȱȱȱC. gigasȱȱȱȱȱȱ ȱ
ŘŖŖśȱȬȱŘŖŗřǯȱȱ ȱȱȱȱȱȱȱȱę¡ȱȱŘŖŖŞǯȱȱȱȱȱ
ȱȱȱǻ Ǽȱȱȱ¢ȱȱ Ȭŗȱǻz), OsHV-1 variant () and the OsHV
ΐȱǻǼȱ ȱȱ ȱȱǯȱ ȱȱȱȱȱĚȱȱ
ȱǯȱȱ ȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱŚǯ
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