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Abstract:

Although there are a number of ostreid herpesvirus 1 (OsHV-1) variants, it is expected that the true
diversity of this virus will be known only after the analysis of significantly more data. To this end, we
analyzed 72 OsHV-1 “specimens” collected mainly in France over an 18-year period, from 1993 to
2010. Additional samples were also collected in Ireland, the United States, China, Japan, and New
Zealand. Three virus genome regions (open reading frame 4 [ORF4], ORF35, -36, -37, and -38, and
ORF42 and -43) were selected for PCR analysis and sequencing. Although ORF4 appeared to be the
most polymorphic genome area, distinguishing several genogroups, ORF35, -36, -37, and -38 and
ORF42 and -43 also showed variations useful in grouping subpopulations of this virus.
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Ostreid herpesvirus 1 (OsHV-1) has been classified withinMbakacoherpesviridae

family (6, 7, 12). Although OsHV-1 variants have already been reported (2, 3, 13, 19,
20), more work is needed to gauge the range of OsHV-1 polymorphisms. Since 2008,
massive mortality outbreaks among Pacific oysté€lsagsostrea gigas) have been
reported in Europe (8, 21) associated with a virus genotype labelled pVar (22). In
addition, mortality outbreaks were reported recently in New Zealand and Australia (15,
16) in association with a virus interpreted as OsHV-1 pVar. Moreover, a herpesvirus with
close affinities to OsHV-1, the acute viral necrosis virus (AVNV), infecting Chinese
cultured scallophlamys farreri, has been recently sequenced (GenBank accession n°
GQ153938). Comparative genomic analysis between AVNV and OsHV-1 suggests that
AVNV is a variant of OsHV-1 (Ren Weicheng, pers. com.).

Seventy-two samples of Pacific oysters collected from 1993 to 2010 and covering
different stages of development (larvae, spat and adults) (Table 1) were selected. Most of
the samples (a total of 63) were collected in France during episodes of mortality and were
stored frozen at -20°C. Nine samples came from elsewhere (Ireland, China, Japan, USA
and New Zealand) and included three paraffin-embedded archival specimens (Table 1).
Nucleic acid extraction was performed by using the QIAamp DNA Mini Kit (Qiagen)
according to the manufacturer's handbook (17). For frozen tissues, 60-200 mg of larvae
or 20-60 mg of mantle from juveniles and adults were used. For paraffin-embedded
specimens (spat collected in 2005 during mortality events in New Zealand), five sections
each of 3@m thickness were cut from each histology block (1, 4, 23).

PCR assays were performed using 3 extant primer pairs targeting 3 virus genome regions:

C2/C6 (ORF4) (18), IA2/IA1 (ORFs 42/43) (22) and Del 36-37F2/Del 36-37R (5
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ATACGATGCGTCGGTAGAGC-3'/5-CGAGAACCCCATTCCTGTAA-3) (ORFs
35/36/37/38) (Fig. 1). All tested samples yielded amplicons of expected sizes with primer
pairs C2/C6 (709bp) and 1A1/IA2 (607bp) except for one specimen, perhaps due to
limiting template.(Fig. 2A). For the Del 36-37F2/Del 36-37R primer pair, DNA samples
each gave 1 of 3 different patterns: a PCR product of expected size (989 bp), a PCR
product of 384 bp, or no amplification (Fig. 2A). Twenty-eight French samples collected
from 1993 to 2008 yielded 989 bp amplicons and might be interpreted as the reference
type (accession n° AY509253), a virus isolated from French Pacific oyster larvae in 1995
(6). A large deletion (605 bp) was reported for all samples identified as being the variant
OsHV-1 uVar (7 French samples collected in 2008, 13 French samples in 2009 and 2010
and a sample collected in Ireland in 2009), and also for samples collected in China, USA,
Japan and New Zealand. Finally, a third group of virus specimens (from French oysters
collected in 1993 and from 2003 to 2008) was defined based on the absence of
amplification. This lack of amplification was not related to the absence of virus DNA, as
amplicons were obtained from the same samples with the primer pairs C2/C6 and
IA1/1A2 (Fig. 2A). The 605 bp deletion reported for OsHV-1 pVar and related specimens
covered entirely both ORF36 and ORF37 and a part of ORF38 (Fig. 1). This deletion of 2
genes and the modification of a third might be more than coincidental with the apparently
increased virulence of OsHV-1 pVar. ORF38 encodes a RING finger protein. The RING
finger domain of ICPO and homologs from alphaherpesviruses is required for the
activation of quiescent genomes (5, 9, 10, 11, 14). Modifications of the RING finger

protein encoded by ORF38 might affect its activities and influence OsHV-1 virulence.
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For DNA samples extracted from paraffin-embedded specimens, PCR analyses were
carried out using primer pairs C9/C10 (5-GAGGGAAATTTGCGAGAGAA-3'/5'-
ATCACCGGCAGACGTAGG-3’), CF/CR (5-CCCCGGGGAAAAAGTATAAA-3/5-
GTGATGGCTTTGGTCAAGGT-3’) and Del 36-37F2/Del 36-37R (see above). C9/C10
and CF/CR primers targeted ORF4. Two histological blocks from the 3 analysed samples
yielded amplicons with the 3 primer pairs used (Fig. 2B). For CF/CR primers, the 2
samples yielded a 157 bp amplicon similar in size to that obtained for OsHV-1 uVar (Fig.
2B). The specimen considered as the reference type (1995/020/France) gave a 173 bp
product. For Del 36-37F2/Del 36-37R primer, a 384 bp amplicon was obtained for the 2
samples from New Zealand (Fig. 2B) although the specimen 1995/020/France (reference
type) yielded a 989 bp product. The obtained PCR product sizes suggest that the variant
OsHV-1 pVar or a related virus was present in Pacific oysters collected in New Zealand
in 2005. Moreover, C9/C10 PCR products from a paraffin-embedded specimen appeared
identical in sequence to OsHV-1 pVar presenting a single deletion in comparison with
the sequence of OsHV-1 (accession n° AY509253) (data not shown).

PCR products were purified by kit (Amicon Ultra 0.5 ml 30K Centrifugal filter,
Millipore) according to the supplied protocol and were then directly sequenced. Samples
were loaded into ABI PRISM ® 3130 XL-Avant Genetic Analyzer. Phylogenetic
analyses were performed on sequence concatenations of the 3 genome areas (1426
positions) using the Maximum Likelihood method with the program MEGAS5 (24). Partial
PCR product sequences from virus specimens were submitted to GenBank (Table 1).
IA1/1A2 amplicon sequences (ORFs 42/43) were compared to OsHV-1 (accession n°

AY509253) using the ClustalW program. Two mutations were observed differentiating
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samples in 3 groups: the first one containing samples presenting 100% identities with
OsHV-1 (accession n° AY509253, reference type), the second presenting 100% identities
with OsHV-1 pVar (22) and the third group contained both samples collected in New
Zealand in 2010 presenting only one of the mutations characterizing OsHV-1 pVar, an A
deletion (22).

For Del 36-37F2/Del 36-37R, amplicons from samples collected in France in 2009 and
2010, some of the samples collected in 2008 and samples collected in China, USA, Japan
and New Zealand demonstrated a 605 bp deletion. Although amplicons obtained from
samples collected in France from 1993 to 2007 and some of the samples collected in 2008
did not demonstrate the 605 bp deletion, a few point mutations were reported
differentiating 3 groups, one of these groups presenting 100% identity with the reference
type (accession n° AY509253).

Finally, C2/C6 amplicons demonstrated the highest polymorphism with 82 positions of a
460 nucleotide sequence showing mutations defining at least 19 virus groups. All the
French samples collected in 2009 and 2010 showed 100% identities with the OsHV-1
pnVar sequence (accession n° HQ842610) except for 2 virus specimens (2010/02/France
and 2010/12/France). Although most of the French samples collected until 2007 were
similar to the reference type (accession n° AY509253), some of them demonstrated
mutations in comparison with this reference. Thus, polymorphisms for several
microsatellite zones with variable numbers of repetitions were observed: 5-9 A, 5-6 G, 4-
5 C and 4-13 CTA with 3 repetitions for AVNV, 4 for OsHV-1 pVar and 8 for the
reference type (data not shown). For this microsatellite zone, some virus specimens

collected in France showed also 9, 11 or 13 repetitions.
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Phylogenetic analysis allowed identification of 2 main groups from 54 virus specimens
(Fig. 3). A first group contained French specimens collected from 1994 to 2008 including
the reference type (accession n° AY509253). This group also integrated samples
collected in USA and in China, and AVNV (Fig. 3). The second main group was
composed of French specimens collected from 2008 to 2010 and an isolate collected in
Ireland in 2009. The sequence of OsHV-1 pVar deposited in GenBank (accession n°
HQ842610) was included in this group. It also integrated samples from Japan and New
Zealand (Fig. 3). Although the C2/C6 fragment sequence for these specimens (Japan and
New Zealand) was similar to OsHV-1 pVar sequence (accession n° HQ842610), they
differed from HQ842610 by two shared mutations (two A replaced by two G).

Several French samples collected from 1993 to 2008 demonstrated 100% identities with
the reference type and as such could be identified as OsHV-1 (6). Other samples collected
in France from 2003 to 2008 showed some differences in comparison with the reference
type. Although they appeared closely related to this virus type (accession n° AY509253)
for ORF4, these samples did not yield amplicons when the Del 36-37F2/Del 36-37R
primer pair was used. These results suggest that different OsHV-1 variants coexisted in
France before 2008. The variant OsHV-1 pVar was not detected in French samples
collected before 2008 in the present study. These results are in accordance with those
reported by Segarra et al. (2010), who concluded that OsHV-1 puVar was not detected in
archival samples and that, in Europe, OsHV-1 puVar was an emerging genotype.
Phylogenetic analysis suggested also that although the reference type and OsHV-1 puVar
share a common ancestor (Fig. 3), OsHV-1 pVar is not directly derived from the

reference type. Moreover, 3 different types were detected in 2008 in France: specimens
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identical to the reference type, viruses related to the reference type (closely related by the
ORF4, but not amplified with Del 36-37F2/Del 36-37R primer pair) and specimens
identical to OsHV-1 pVar. Finally, 2 French virus specimens collected in 1993 presented
high homologies with the variant OsHV-1 Var (3). This variant was reported in 1997
during a mortality outbreak affecting both larval Pacific oysters and larval Manila clams,
Ruditapes philippinarum, in a commercial hatchery (19, 20). Both French samples from
1993 correspond tG. gigas larvae collected in a commercial hatchery. It is thus possible
that intensive farming conditions under which different bivalve species are kept at the
same time in close proximity might promote interspecies transmission (2, 3).

The sample collected in California demonstrated the 605 bp deletion observed in the
ORFs 35/36/37/38 area for OsHV-1 pVar. However, it did not present the mutations
characterising this variant within the ORF4 and it appeared identical to OsHV-1 for the
ORFs 42/43 area. AVNV grouped with the isolate collected in California based on
sequence data obtained in the present study (Fig. 3). Although AVNV presents variations
in coding and non-coding regions in comparison to OsHV-1, these results suggest
strongly that AVNV is an OsHV-1 variant.

ORF4 appeared as the most polymorphic genome area distinguishing several genogroups.
However, ORFs 35/36/37/38 and ORFs 42/43 areas also showed variations useful in

defining different genotypes.

The authors thank C. Friedman, C. Burge, K. S. Reece and D. Cheslett for providing

DNA samples from USA, China and Ireland.



173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

References

1.An, S. F., and K. A., Fleming 1991. Removal of inhibitor(s) of the polymerase chain
reaction from formalin fixed, paraffin-wax embedded tissues. J. Clin. Pathol.
44:924-927.

2. Arzul, 1., J.-L., Nicolas, A. J., Davison, and T., Renault2001. French scallops: a
new host for ostreid herpesvirusl. Virola280(2)342-349.

3. Arzul, 1., T., Renault, C., Lipart, and A. J., Davison 2001. Evidence for
interspecies transmission of oyster herpesvirus in marine bivalves. J. Gen. Virol.
82:865-870.

4. Coates, P. J., A. J., D'Ardennes, G., Khan, H. O., Kangero, and G., Slavih991.
Simplified procedures for applying the polymerase chain reaction to routinely
fixed paraffin wax section. J. Clin. Pathol.:225-118.

5. Cohen, J. I., and H., Nguyen1998. Varicella-Zoster virus ORF61 deletion mutants
replicate in cell culture, but a mutant with stop codons in ORF61 reverts to wild-
type virus. Virology246.306-316.

6. Davison, A. J., B. L., Trus, N., Cheng, A. C., Steven, M. S., Watson, C.,
Cunningham, R.-M., Le Deuff, and T., Renault 2005. A novel class of
herpesvirus with bivalve hosts. J. Gen. Vig#$:41-53.

7. Davison, A. J., R., Eberle, B., Ehlers, G. S., Hayard, D. J., McGeoch, A. M.,
Minson, P. E., Pellett, B., Roizman, M. J., Studdert, and E., Thiry2009. The
orderHerpesvirales. Arch Virol. 154 171-177.

8. EFSA. 2010. Scientific Opinion of the Panel on Animal Health and Welfare on a

request from the European Commission on the increased mortality events in



196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

Pacific oyster£rassostrea gigas. EFSA J8(11)1894-1853.

9. Everett, R. D., C., Boutell, C., McNair, L., Grant, and A., Orr. 2010. Comparison
of the biological activities of several members of the alphaherpesvirus ICPO
family proteins. J. Virol84(7)3476-3487.

10. Ferenczy, M. W., D. J., Ranayhossaini, and N. A., Deluca. 2011. Activities of
ICPO involved in the reversal of silencing of quiescent herpes simplex virus 1. J.
Virol. 85(10)4993-5002.

11. Gu, H., and B., Roizman 2009. The two functions of herpes simplex virus 1 ICPO,
inhibition of silencing by the COREST/REST/HDAC complex and degradation of
PML, are executed in tandem. J. Vir88(1)181-187.

12. Le Deuff, R.-M., and T., Renault 1999. Purification and partial genome
characterization of a herpes-like virus infecting the Japanese dysasspstrea
gigas. J. Gen. Virol80:1317-1322.

13. Moss, J.A., E. M., Burreson, J. F., Cordes, C. F., Cungan, G. D., Brown, A.,
Wang, X., Wu, and K. S., Reece2007. Pathogens fOrassostrea ariakensis and
other Asian oyster species: implications for non-native oyster introduction in
Chesapeake Bay. Dis. Aquat. OrF:207-233.

14. Moriuchi, H., M., Moriuchi, and J. I., Cohen. 1994. The RING finger domain of
the Varicella-Zoster virus open reading frame 61 protein is required for its
transregulatory functions. Virolog205238-246.

15. OIE. 2011. Ostreid herpesvirus-u variant, Australia,
http://web.oie.int/wahis/public.php?page=single_report&pop=1&reportid=10235

16. OIE. 2011. Ostreid herpesvirus-1, New Zealand,

10



219 http://web.oie.int/wahis/public.php?page=single report&pop=1&reportid=1023

220 17. Qiagen 2007. QIAmp® DNA Mini and Blood Mini Handbook. Second Edition
221 November 2007.

222 18. Renault, T, and I., Arzul. 2001. Herpes-like virus infections in hatchery-reared
223 bivalve larvae in Europe: specific viral DNA detection by PCR. J. Fish Dis.
224 24:161-167.

225 19. Renault, T., C., Lipart, and 1., Arzul. 2001. A herpes-like virus infecting
226 Crassostrea gigas and Ruditapes philippinarum larvae in France. J. Fish Dis.
227 24:369-376.

228 20. Renault, T., C., Lipart, and I., Arzul. 2001. A herpes-like virus infects a non-
229 ostreid bivalve species: virus replicationRaditapes philippinarum larvae. Dis.
230 Aqua. Org45:1-7.

231 21.Schikorski, D., T., Renault, D., Saulnier, N., Faury, P., Moreau, and J.-F., Pepin
232 2011. Experimental infection of Pacific oysterassostrea gigas spat by ostreid
233 herpesvirus 1: demonstration of oyster spat susceptibility. Vet4R@3-40.

234 22.Segarra, A., J.-F., Pepin, |, Arzul, B., Morga, N., Faury, and T., Renault2010.

235 Detection and description of a particul@streid herpesvirus 1 genotype
236 associated with massive mortality outbreaks of Pacific oysfeassostrea gigas.
237 Vir. Res.15392-95.

238 23.Shibata, D. 1994. Extraction of DNA from paraffin-embedded tissue for analysis by
239 polymerase chain reaction: new tricks from an old friend. Hum. P&h&61-
240 563.

241 24. Tamura, K., D., Peterson, N., Peterson, G., Stecher, M., Nei, and S., Kumar

11



242 2011. MEGAS5: Molecular Evolutionary Genetics Analysis using Maximum
243 Likelihood, Evolutionary Distance, and Maximum Parsimony Methbtid. Biol.

244 Evol. doi: 10.1093/molbev/msrl21.

12



245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267
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Figure 1. Scale diagram of ORFs 35, 36, 37 and 38 for the OsHV-1 reference (A) and
virus specimens presenting a 605 bp deletion (B) area. The vertical lines indicate
the limits of the different ORFs. The deleted sequence is located between the
dashed arrows: ORFs 36 and 37 are totally missing, as is a part of ORF38.

Figure 2A. PCR products (Del 36-37F2/Del 36-37R, C2/C6 and IA1/IA2) from selected
virus specimens electrophoresed on 1.5% agarose. M: Small Marker (Eurogentec),
1: 1993/012/France, 2: 1994/005/France, 3: 1995/020/France, 4: 2005/012/France,
5: 2006/005/France, 6: 2007/004/France, 7: 2008/020/France, 8: 1993/002/France,
9: 2005/005/France, 10: 2006/009/France, 11: 2006/013/France, 12:
2007/028/France,  13:  2008/019/France, 14: 2008/073/France, 15:
2008/011/France, 16: 2010/001/New Zealand, 17: 2010/158 144/Japan, 18:
2009/002/France, 19: 2009/022/France, 20: 2010/002/France, 21: 2010/021/France
and N: negative control.

Figure 2B. PCR analysis of the DNA samples extracted from histological blocks (Pacific
oysters collected in 2005 in New Zealand during a mortality outbreak). M: Small
Marker (Eurogentec), 1. 2005/2E/New Zealand, 2: 2005/2H/New Zealand, 3:
1995/020/France (OsHV-1 reference), 4: 2008/055/France (OsHV-1 pVar) and N:
Negative control.

Figure 3. Phylogenetic tree generated by the Maximum Likelihood method. Bootstrap

values were obtained from 1 000 resampled datasets. The analysis involved 54
nucleotide sequences (C2/C6, Del 36-37F2/Del 36-37R and IA1/IA2 concatenated

PCR products). There were a total of 1426 positions in the final dataset. OsHV-1

13
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Table

Table 1 List of isolation codes of DNA extracted from C. gigas samples, geographical origins,
years of sampling, stages of development, and GenBank accession numbers

GenBank accession no. for sequence obtained with

indicated primer pair
Geographical origin Dievelopment stage or Del 36-37F2 and
Isolate code of isolate ¥r of sampling age of isolate source C2and C6 Del 36-37R IAl and 1A2
1993/002 France 1993 Larval INB0065 JNE00134
1993/004 France 1993 Larval INBOOGE JNB00135
1993/012 France 1993 <lyr TNBOOGT TNBOO201 INBO0136
1594/005 France 15994 <1y INS0068 JNE00202 INB00137
1994006 France 1994 <lyr TNBOOGS TNBO0203 JNB00138
1994/011 France 1994 <lyr TNB0OTO TNBO0204 INB00138
1994/012 France 15994 Larval INBOO71 JTNE00205 TNB00140
1995020 France 1995 Larval IN80072 JTNE00205 JN800141
1995/023 France 1995 Larval JNBOOT3 TNBO0206 JNB00142
1995/027 France 1995 Larval TNBOOT4 TNBO0207 JNB00143
2003/001 France 2003 <1y INB0075 JTNE00208 JNE00144
2003/003 France 2003 <1y INB0076 JTNED0209 IN800145
2003006 France 2003 <lyr TNBOOTT JTNBOO210 INB00146
2003009 France 2003 <lyr TNBOOTE JNBOO211 INB00147
2003/012 France 2003 <1y INB0079 JNE00212 INB00148
2003/013 France 2003 <1y INS0080 JNE00213 INE0014%
2005001 France 2005 <lyr TNB0O&1 TNBO0214 JNBOO150
2005005 France 2005 <lyr JNB0O82 JNBOO215 JNB00151
2005/008 France 2005 Larval IN80083 JNED02 16 JN800152
2005012 France 2005 <1y INS0084 JNB00217 JN800153
2006002 France 2006 Larval JNB0O8S JNBOO218 JNB00154
2006003 France 2006 Larval JNBOO3E JNBOO219 INBO0155
2006005 France 2006 Larval INB0087 JNE00220 INB00156
2006/009 France 2006 <1y INS0088 INB00157
2006013 France 2006 <lyr JNB003S JNB00158
2006018 France 2006 <lyr TNB00S0 JNBO015%
2007004 France 2007 Larval INBO0S1 JNED0221 TNE00 160
2007012 France 2007 Adult IN80092 JNE00222 IN800161
2007025 France 2007 <lyr TNB0OS3 TNBO0223 JNB00 162
20071026 France 2007 <lyr TNB0O0S4 JNB00163
2007028 France 2007 <1y IN80095 INE00 164
2007029 France 2007 <1y INB00%96 INB00165
2007030 France 2007 <lyr TNBOOST TNBO0224 INBOO 166
2007034 France 2007 1-2yr TNBOOSE JNBO0225 INBOO167
20071035 France 2007 <1y INS0099 JTNE00226 INB00168
2008/017 France 2008 <1y IN800100 JTNB00227 INB0016%
2008019 France 2008 1-2yr JNB00101 JNBOO170
2008021 France 2008 Larval JNB00102 JNB00171
2008/023 France 2008 Adult IN800103 JN800172
2008/025 France 2008 Adult IN800104 JN800173
2008030 France 2008 Adult INB0O105 JNB00174
2008/039 France 2008 Larval IN800106 JNE00228 INB00175
2008/045 France 2008 1-2y1 IN800107 JNED0229 INB00176
2008050 France 2008 <lyr JNB00108 TNBO0230 INBOO177
2008055 France 2008 <lyr JNB0O109 JTNBO0231 JNB00178
2008/059 France 2008 <1y IN800110 JNE00232 INB0017S
2008/073 France 2008 1-2y1 IN800111 TNS00 180
2008079 France 2008 <lyr JNB00112 JTNBO0233 JNB00181
2008083 France 2008 <lyr JNBOO113 TNBO0234 JNB00182
2008/062 France 2008 <1y JN8001 14 JNE00235 JN800183
2008/002 France 2009 <1y IN800115 JNE00236 JNE00184
2009/021 France 2009 <lyr INBOO116 JTNBO0237 JNBO0185
2008/022 France 2009 <lyr INBOOL117 JNBOO238 JNBOO 186
2008/027 France 2009 <1y IN800118 JNED0239 INB00187
2008/035 France 2009 <1y INB00119 JTNE00240 INB00188
2010002 France 2010 <lyr JNB00120 TNBO0241 JNBO018S

(Continued on following page)



TABLE 1 {Continued)

GenBank accession no. for sequence obtained with

indicated primer pair

Geographical origin Development stage or Del 36-37F2 and
Isolate code of isolate ¥r of sampling age of isolate source C2and Cé Del 36-37R IAl and 1A2
20107008 France 2010 <lyr JNE00121 INEOOZ42 INBOD1S0
20107012 France 2010 <lyr JNB00122 INEOOZ43 INBOD1S1
2010/013 France 2010 <lyr JNED0 123 TNEO0244 JNA00192
20104021 France 2010 <lyr JNE00 124 INEO0245 JNB00193
2010023 France 2010 <lyr JNB00125 INEOOZ46 INBOD194
20107026 France 2010 <lyr INB00126 INBOOZ4T INBOD1S5
2010/028 France 2010 <lyr JNE00127 TNEODZ4E JNB00196
20ZESD China 2002 JNE00132 INE00253
2007/07-CB2 USA (California) 2007 JNE00128 INEOOZ49 INBOD1ST
Z010V158-144 Japan 2010 <lyr JNE00133 INEOOZ54
200%/Treland Ireland 2009 JNE00 129 TNEO0250 JNB00198
201001 New Zealand 2010 <lyr JNE00 130 INEOD251 JNB00199
201v02 New Zealand 2010 Larval JNE00131 INEOOZ52 INBOOZ00
2005/2E7 New Zealand 2005 <lyr
2005/2H" New Zealand 2005 <lyr
2005/BN1CT New Zealand 2005 <lyr

= DNA extracted from histological blocks,





