S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Available online at www.sciencedirect.com

sclENcE@DIREOTG Virus
Research

www.elsevier.com/locate/virusres

sEeSiias
ELSEVIER Virus Research 115 (2006) 198206

Short communication

Evolution of ORF5 of Spanish porcine reproductive and respiratory
syndrome virus strains from 1991 to 2005

E. Matelt?P*, I. Diaz2P, L. Darwich®P, J. Casat?, M. MartinP, J. Pujol®
@ Departament de Sanitat i Anatomia Animals, Universitat Autonoma de Barcelona, 08193 Bellaterra, Spain
b Centre de Recerca en Sanitat Animal (CReSA), Campus UAB, 08193 Bellatera, Spain

Received 11 July 2005; received in revised form 21 September 2005; accepted 21 September 2005
Available online 2 November 2005

Abstract

ORF5 sequences of porcine reproductive and respiratory syndrome virus (PRRSV) were analysed to determine genetic diversity, codon usac
positive and negative selection sites and potential changes in the predicted glycoprotein 5 (GP5). A hypothetical GP5 containing all selected site
was constructed to determine its characteristics. These sequences corresponded to isolates obtained 10 years apart (1991-1995, 18 strains)
a second set(=46) from 2000 to 2005. Similarity to Lelystad virus (LV) decreased from 95.5% in 1991-1995 to 89.5% in 2000—2005. Three
highly variable regions were found in ORF5. Codon usage was different in both sets for leucine, glutamine, serine and proline. Thus, 2000-200!
sequences used codons more similar to those present in highly expressed pig genes compared to the 1991-1995 set. Twenty four sites of posi
selection and 20 sites of negative selection were found in GP5, most of them in transmembrane regions. Additional glycosylation in N37 of GPE
was common in 2000-2005 but some sequences lack a glycosylation site in N46. The hypothetical GP5 was only 88.1% similar to LV and wa:
less hydrophobic. Taking together these results suggest that PRRSV is still adapting to pig cells.
© 2005 Elsevier B.V. All rights reserved.
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Porcine reproductive and respiratory syndrome virus From early studies, it became evident that ORF5 was one
(PRRSV) belongs to the gendsterivirus. Two different geno-  of the most variable regions in the PRRSV genome although
types are currently known, the European one and the Americasther parts also show a considerable degree of variability as
one. Genetic similarity between both genotypes ranges from 56ccurs in ORF3 and in non-structural protein 2 (nsg23ng
to 70% depending on the open reading frame (ORF) examineelt al., 2004; Oleksiewicz et al., 20000RF5 heterogeneity
(Meng et al., 1991 PRRSV genome is composed of nine ORFswas initially reported for American strains but nowadays is
of which ORF1la and 1b encode the viral polymerase, ORFsvident that European isolates are diverse as virgrgberg
2—-6 encode envelope and membrane proteins (called GP2at, al., 2002; Mateu et al., 2003; Pesch et al., 2005; Pirzadeh
GP2b, GP3, GP4, GP5 and M, respectively) and ORF7 encodes al., 1998. Genetic variability observed in ORF5 is consis-
the non-glycosylated viral nucleocapsid proteBnifder and tent with the well known fact that RNA-polymerases of RNA
Meulenberg, 1998; Wu et al., 200%Among the envelope pro- viruses have a relatively poor fidelitZCastro et al., 2005and
teins, GP5 seemsto be one of the key viral structures. Itis thoughtith the notion that selective pressures act favouring viral vari-
that attachment and entry to the target cells is mediated by GPants better fitted for spread and persistence in the target hosts.
or GP5-M heterodimersSpijder et al., 2008 In addition, the As GP5 is exposed in the viral envelope, participates in viral
neutralisation epitope of PRRSV is located in the middle of theattachment to cells and contains a neutralisation epitope, it is
GP5 ectodomainGonin et al., 1999; Ostrowski et al., 2002; a potential target for these selective pressures. Interestingly,

Plagemann, 20043,b the adaptative sites in GP5 seem not to be restricted to the
known B-epitopes but also to other regioridafada et al.,
2005.
* Corresponding author. Tel.: +34 93 581 1046; fax: +34 93 581 3297. In the present study, a large set of ORF5 sequences from
E-mail address: enric.mateu@uab.es (E. Mateu). Spanish PRRSYV strains obtained 10 years apart were analysed
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to determine the changes in ORF5 and GP5 and to figure out the In a subsequent step, aligned sequences were examined to
potential impact of those changes. determine the codons corresponding to each aminoacid in the
ORF5 sequences of Spanish PRRSV strains were random{yP5 protein. For each nucleotide position the rate of mutation
selected from isolates available in our laboratory obtainedqpercentage of strains having a different nucleotide) was calcu-
from sera of pigs of Spanish epidemiologically unrelatedlated compared to LV. Also, for each codon the ratio between
commercial farms or were retrieved from Spanish sequences/nonymous and non-synonymous mutations (S/NS) was deter-
deposited at Genbank. For PRRSV isolates, viral RNA wasnined. As an initial criterion, codons where at least 25% of the
extracted, amplified by PCR and sequenced as describexkamined strains had a mutation and had an S/NS higher than 3
before (Mateu et al., 2008 The final set of sequences were considered as potentially negatively selected while ratios
included the Lelystad virus (LV) (Genbank accession numbebelow 0.3 were potential points for positive selection. These
M96262), the first Spanish isolate from 1991 (Genbank acceghresholds were set arbitrarily. In the third step, the probability
sion number X92942), a second Spanish isolate from 199fhatn strains from a set aV sequences shared the same muta-
(strain CReSA-VP21, GenBank accession number DQ009647)ion was calculated. For this calculation it was assumed that
15 isolates from 1991 to 1995S(arez et al.,, 1996and each sequence was epidemiologically unrelated to the others.
46 unrelated isolates retrieved in our laboratory from 2000Considering the degeneracy of the genetic code, the probabil-
to 2005 (Genbank accession numbers AF495499-AF49550fy of a synonymous mutation (Ps) for a given aminoacid at
AF495504-AF5521, DQO009625-DQ009646). For comparaa given point was calculated as Ps=(codons coding the same
tive purposes, one set of 16 non Spanish European-typg@minoacid-1)/60. The probability of a non-synonymous muta-
ORF5 sequences representing strains isolated in the peridgin was 1-Ps. The probability that n unrelated sequences shared
1991-1995 in several countries of Europe were also analysed.mutated codon encoding the same aminoacid was calculated
This set comprised sequences from Belgiurms 2), Denmark  according to a binomial distribution. Positive or negative selec-
(n=2), France# = 2), Germanyi = 2), The Netherlands:3), tion at a given point was arbitrarily considered to occur when
Poland ¢=2) and United Kingdom#«{(=1) (GenBank acces- the probability was<1 x 10~°.
sion numbers: AY035900-AY035903, AY035918, AY035919, Predicted GP5 aminoacid sequences were aligned, similari-
AY035921, AY035922, AY035926, AY035927, AF378799, tiesto LV were calculated and a bootstrapped phylogenetic tree
U40696, U40696 and M96262). was constructed using the neighbor-joining method (1000 iter-
ORF5 sequences were initially aligned using ClustalWations) using LV as the outgroup. An entropy plot of predicted
(Thompson et al., 1994nd a similarity matrix was constructed. GP5 was constructed to determine conserved and highly variable
Alignments were retrieved using Bio-edit software v.7.0.5regions of the protein.
(available at http://www.mb.mahidol.ac.th/Downloads/Mol- The sequence of a hypothetical strain containing all pos-
Bio/Bioedit/Bioedit.htn) and entropy plots were constructed to itively selected mutations was written and analysed using
determine genetic variability in ORF5. Entropy was calculatedBio-edit. The hypothetical GP5 was compared with other
asH(l) = = f(b,1) x In(f(b, 1)) where entropyH(l) isequal  available European GP5 sequences using the Blastp utility
to the summatory ¢fb,/), namely the frequency at which a given (http://www.ncbi.nlm.nih.gov/BLASTY. Finally, for this hypo-
residue (b) is found at a given position (I), multiplied by the nepe-thetical strain transmembrane regions ahdlycosylation sites
rian logarithm off{(b,l). With this formula, the higher the value were evaluated using TMPred and NetNGlyc utilities at Expasy
of H(l), the higher the variability at a given position. Lelystad server fttp://www.expasy.org and the hydrophobic profile
virus was used as a reference for alignments. (Kyle and Dolittle method) was determined using Bio-edit.
Codon usage for each set of sequences was analysed usingFor the Spanish 1991-1995 set of nucleotide sequences, the
GCUA software v.1.0 (available dtttp://bioinf.may.i@. In a  percentage of similarity to LV ranged from 99.1 to 87.2% (aver-
first step, relative codon usage was calculated for each set afje, 95.5- 3.6%). For the 2000-2005 set, similarity to LV
sequences by means of the synonymous codon usage meangedfrom94.9to081.7% (average 82.3.8%). Entropy anal-
sures (RSCU) and taking into account the effective numysis showed three highly variable regions. The first one was
ber of codons (ENC) in the gene. Then, a correspondendecated between nucleotide residues 165 and 189; the second
analysis (CA) was done in order to determine trends inone between residues 315 and 339 and the third one was located
the variation of codon usage. A linear regression analybetween residues 360 and 369. Other points of high variability
sis was used to evaluate correlation between codon usageere found at residues 36—39, 429-432 and 480-489. Regions
bias and nucleotide compositiop-Values lower than 0.05 located between nucleotides 99—-120 and 123-165 were the less
were considered to be significant. To ascertain the possiariable part.
ble significance of changes in codon usage, 10 sequences of As expected, the CA globally showed that codon usage was
genes highly expressed in pigs were also analysed. Genest significantly different in 1991-1995 and 2000—2005. How-
included were: creatin kinase (Genbank accession numbewver, when specific aminoacids were examined, codon usage
AY754869); interferon-beta (NM)01003923), pyruvate dehy- differed among 1991-1995 sequences and those of 2000-2005
drogenase (X52990), myosin heavy chain (N%4136); hap- for leucine, glutamine, serine and prolineable 1. Thus, pre-
toglobin (AF492467), hemoglobin epsilon (NR1L4447); plas- dominant codon for leucine in the 1991-1995 set was CTC
minogen activator (AF364605), albumin (NPD100528), alpha (RCSU =2.08) while in 20002005 was TTG (RCSU =1.99).
amylase (AF064742) and interleukin-1 beta (M86725). For glutamine, the only codon present in the older set of


http://www.mb.mahidol.ac.th/downloads/mol-bio/bioedit/bioedit.htm
http://bioinf.may.ie/
http://www.ncbi.nlm.nih.gov/blast
http://www.expasy.org/
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Table 1
Codon usage in the ORF5 gene of Spanish sequences of porcine reproductive and respiratory syndrome strains (1991-1995 and 2000-2005)

Cumulative Codon Usage (PRRSYV isolates 2000-2005) Cumulative Codon Usage (PRRSYV isolates 1991-1995)

AA Codon N RSCU AA Codon N RSCU AA Codon N RSCU AA Codon N RSCU

Phe UUU 439 140 Cys UGU 186 098 Phe UUU 180 137 Cys UGU 58 0.89
uuc 188 0,60 UGC 192 1,02 vucC 83 0,63 uGcc 72 1,11

[Leu]UUA 22 014 [Ser|UCU 156 126 Lew UUA 5 009 Ser UCU 45 112

uuG 322 1,99 ucc 181 1,46 UuG 120 2,05 Uucc 63 1,56
Cuu 174 1,07 UCA 71 0,57 CUU 49 084 UCA 18 045
cuc 284 1,75 ucG 108 0,87 cuc 122 2,08 UcG 24 0,60
CUA 15 0,09 AGU 51 041 CUA | 0,02 AGU 5 0.12
CUG 155 0.96 AGC 177 143 CUG 55 0954 AGC 87 216

Tyr UAU 152 087 Trp UGG 320 1,00 Tyr UAU 51 078 Trp UGG 110 1,00
UAC 197 1,13 UAC 80 1,22

His CAU 205 124 |Pro|CCU 39 064 His CAU 87 155 Pro CCU 10 054

CAC 126 0,76 ccc 79 1,30 CAC 25 045 ccc 19 1,03

CCA 65 107 CCA 19 1,03

[Gin]caa 152 1,72 CCG 61 1,00 Gln CAA 39 2,00 CCG 26 141
CAG 25 028 CAG 0 0,00

lle AUU 95 0,69 Arg CGU 116 1,35 lle AUU 31 0,64 Arg CGU 38 1,35

AUC 166 1,20 CGC 69 0,80 AUC 57 1,18 CGC 19 0,67
AUA 154 1,11 CGA 49 057 AUA 57 1,18 CGA 16 0,57
CGG 147 1,71 CGG 55 1,95

Met AUG 107 1,00 Met AUG 21 1,00
Thr ACU 153 0,88 Thr ACU 53 082
Asn AAU 115 076 ACC 267 1,53 Asn AAU 44 085 ACC 106 1,64
AAC 187 1,24 ACA 172 0,99 AAC 60 1,15 ACA 63 097
ACG 104 0,60 ACG 37 057

Lys AAA 270 1,57 Lys AAA 95 1,68
AAG 74 043 Arg AGA 47 055 AAG 18 032 Arg AGA 12 043
AGG 89 1,03 AGG 29 1,03

val GUU 157 0,79 val GUU 59 075
GUC 299 1,51 Ala GCU 313 1,68 GUC 119 1,52 Ala GCU 126 1,83
GUA 83 042 Gee o 218 1,17 GUA 51 065 GCC 68 0,99
GUG 254 1,28 GCA 115 0,62 GUG 85 1,08 GCA 47 0,68
GCG 101 0,54 GCG 35 0,51

Asp GAU 99 0,69 Asp GAU 35 0,56
GAC 190 131 Gly GGU 146 0,78 GAC 91 144 Gly GGU 51 0,73
GGC 318 1,69 GGC 137 1,97
Glu GAA 156 0.94 GGA 78 041 Glu GAA 52 1,00 GGA 18 0.26
GAG 176 1,06 GGG 210 1,12 GAG 52 1,00 GGG 72 1,04

AA: aminoacid;N: number of effective codons; RSCU: synonymous codon usage measure. In bold is shown the most frequent codon for each aminoacid. Boxes
show the main changes between 1991-1995 and 2000—2005 sequences.

sequences was CAA (RSCU =2.0) while in the set 2000—2000RSCU =1.87) and TCC (RSCU =1.41); and for proline CCG
appeared the codon CAG (RSCU=0.28). For serine, oldefRSCU=1.84) and CCA (RSCU=1.05). Some differences
strains preferentially carried AGC (RSCU =2.16) while newerrelated to the country of origin were observed. Polish strains
strains preferentially used TCC (RSCU =1.46) and for proline and the British strain preferentially coded leucine with the codon
older strains preferentially had CCG (RSCU =1.41) instead ofcTC. The codification of glutamine with the codon CAG was
the CCC codon of the newer strains (RSCU =1.30). Resultenly found in Belgian strains.

for 1991-1995 non-Spanish European-type sequences were Ten highly expressed pig genes were also analysed for codon
similar. The most frequent codons used for leucine weraisage. In those genes, the most commons codons for leucine,
TTG (RSCU=2.09) and CTC (RSCU=1.97); for glutamine glutamine, serine and proline were TTG (RSCU =0.81); CAG
CAA (RSCU=1.81) and CAG (RSCU =0.19), for serine AGC (RSCU =1.45); TCC (RSCU=1.36) and CCC (RSCU =1.26).
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Potential sites for positive selection of mutations in Spanish strains of porcine reproductive and respiratory syndrome virus GP5

201

Position in GP5

Lelystad virus

Spanish strains 200020647 P

Spanish strains 1991-199%%17)

Aminoacid Aminoacid (strains) NSPS Probability Aminoacid (strains) NS/ Probability?
10 Phenilalanine Serine (14) 18/3 K3020 No change 0/0 N.A.
12 Threonine Isoleucine (12) 20/0 1810~ 13 No change 0/0 N.A.
13 Proline Glutamine (12) 21/18 1310718 Leu (1) 2/8 0.03
Leucine (7) 3.2 10°°
21 Phenilalanine Serine (5) 6/0 51070 No change 0/0 N.A.
32 Alanine Valine (15) 19/0 9.6 10717 Valine (5) 5/0 3.2¢1077
36 Glycine Aspartic acid (12) 17/2 2:410°17 Aspartic (2) 3/0 8.0¢ 1073
37 Aspartic acid Asparagine (38) 0/47 &30°58 Asparagine (5) 9/0 1.5%10°7
Serine (5) 9.% 104 Serine (4) 8.9¢10°®
46 Asparagine Aspartic acid (12) 15/14 x50°12 No change 0/0 N.A.
56 Aspartic acid Glycine (16) 42/0 6710~ Glutamic acid (4) 7/1 2.610°°
Glutamic acid (14) 4% 10715
60 Serine Asparagine (16) 33/0 621033 Asparagine (1) 2/0 0.03
63 Glycine Aspartic acid (18) 45/0 1410720 Aspartic acid (11) 12/0 3210719
Serine (12) 5.% 10712
96 Glycine Serine (13) 15/10 7:810719 Serine (2) 2/1 8.6 1074
100 Threonine Isoleucine (11) 24/0 not Isoleucine (3) 5/0 3.410*
101 Alanine Threonine (30) 46/0 1:110-2° Threonine (8) 9/0 1.&10°°
106 Glycine Lysine (16) 26/3 4810715 Lysine (4) 3/1 3.8¢10°7
111 Cysteine Serine (36) 47/0 k41054 Serine (15) 15/0 2.x10°%
116 Alanine Valine (17) 26/1 1.510°18 Phenilalanine (1) 1/0 0.02
119 Phenilalanine Leucine (9) 17/10 xA0 12 Leucine (3) 3/1 1.3% 1076
122 Phenilalanine Leucine (30) 35/0 X042 Leucine (9) 9/0 9.% 1077
123 Valine Alanine (13) 19/11 861012 No change 0/0 N.A.
143 Phenilalanine Histidine (9) 12/9 4410714 No change 0/0 N.A.
154 Valine Isoleucine (39) 42/0 4,9107%6 Isoleucine (10) 10/0 1.%10°15
172 Aspartic acid Glycine (34) 41/5 2:610-3° Glycine (10) 10/6 5.% 10710
174 Asparagine Aspartic acid (35) 43/0 K202 Aspartic acid (10) 11/0 1.810°%

@ Probability: probability, according to a binomial distribution, that in a setioflependent sequences with a mutation, a given number of strains shared the same
non-synonymous mutation. For strains detected in the period 2000-2005 only mutations with probabilities lowertH0T3 4re shown.
b NS/S: non synonymous/synonymous mutations.

The analysis of codons present in each sequence showed avidence for a clear evolutionary line between modern and older
overall S/NS of 1.41. In the set of sequences from 2000 to 2005trains.
24 codons showed the characteristics of a positive selection The entropy analysis showed three highly variable regions
according to the calculated probabiliti@&ble 2. Interestingly, located between aminoacids 56-63; 105-113 and 120-130.
12 strains changed Asn-46 to Asp-46, losing thus one glycosyFhese segments corresponded to the parts with higher entropy
lation site. Also, 11 of those 12 strains gained a glycosylatiorvalues for the nucleotide sequence. The most conserved region
site by changing Asp-37 to Asn-37. For the 1991-1995 setwas found between residues 38-55.
the number of positively selected sites was seven. Another 20 A hypothetical GP5 containing all positively and negatively
codons showed the characteristics of a negative selection amsélected sites was analysed to make a prediction of its character-
were mainly distributed in three segments of the predicted proistics. This hypothetical GP5 had a similarity of 88.1% compared
tein (residues 73-89; 108-113 and 153-1G8p(e 3. Codon  to LV. As shown by BLAST comparison, the 10 sequences clos-
usage significantly changed< 0.05) in 14 of these negatively estto the hypothetical GP5 (besides those included in the study)
selected positions between strains of 1991-1995 and those bad a similarity ranging from 91 to 88% (average 89.4%). The
2000-2005Table 4. older strain included in this set of 10 was a Spanish sequence of

Average similarity of predicted GP5 proteins with regards1991. Interestingly, of the 24 predicted positive selection sites,
to LV was 83.8% for the 2000-2005 set and 94.4% in thel6 were present in sequences from other European countries
1991-1995 set. The bootstrapped tree of the predicted aminoacihd eight were predominant (>70% frequency) regardless of the
sequences of GP5 a high diversity in GRg( 1). Although,  country of origin of the PRRSV strain. Regarding negative selec-
in general, strains from 2000 to 2005 tended to cluster togetheion sites, 19 out of 20 were present in all sequenEés @).
while 1991-1995 sequences were scattered along the tree, boot-For the hypothetical strain, the signal peptide comprised
strap values only supported small clusters and did not provideesidues 1-34 (1-32 in LV); transmembrane regions were pre-
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Fig. 1. Bootstrapped tree (neighbor-joining method) of predicted aminoacid sequences of GP5 of PRRS virus. In italics (light colour) sequéf6ésdra8o5
period; in bold type, sequences from 2000 to 2005. Spanish strains 1991-1995 = Suarez, CRESA-VP21 and Olot91. Spanish Strains 2000-2005 = AF49XXX ar
CReSA. All other strains correspond to European non-Spanish isolates from 1991 to 1995. Bootstrap values are shown in italics close to the nodes.

dicted to exist at the following segments: 69—90 and 108-127thetical GP5 showed that the latter was less hydrophobic (not
(same segments in LV). Potentidltglycosylation sites were shown).

predicted at residues 37 and 53 (46 and 53 in LV). Com- The study of the evolution and adaptation of viruses to their
parison of the hydrophobicity profiles of LV and the hypo- hosts is a question of relevance because provides insight on the
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Table 3 Table 4
Potential sites for negative selection of mutations in Spanish strains of porcin8ignificant changeg( 0.05) in codon usage for negatively selected sites of
reproductive and respiratory syndrome virus GP5 obtained in 20002005  ORFS5 of porcine reproductive and respiratory strains isolated in 19911995 or

— — — 2000-2005
Position in GP5 Aminoacid SINS Probability?
- oy Position Aminoacids Codons 1991-1995 Codons 2000-2005
8 Glycine 20/2 2.0< 10~ in GP5

73 Proline 17/1 1.%10°%

79 Leucine 33/4 1.3%10°% 73 Proline CCG (18/18) CCG (30/46)

85 Threonine 15/4 9.6 1077 CCA (15/46)

89 Phenilalanine 16/3 3310726 CCC (1/46)

i H 51

91 Aspartic acid s1/4 36810 % 49 Leucine CTC (12/18) CTC (11/44)
108 Tyrosine 34/8 3.610 CTT (6/18) CTT (33/44)
109 Valine 217 3.% 10722
112 Serine 22/8 3.910°3 85 Threonine ACA (18/18) ACA (29/45)
113 Valine 34/8 4.6¢10°%7 ACG (13/45)
135 Alanine 36/5 8.4 10742 ACC (3/45)

ini 26
137 Arginine 28/5 931077 g9 Phenilalanine  TTT (18/18) TTT (29/46)
140 Arginine 25/7 1.% 10 TTC (17/46)
153 Arginine 35/5 2.51073¢
160 Proline 16/3 1.210°18 91 Aspartic acid GAC (11/18) GAC (13/45)
163 Valine 25/4 5.8 10729 GAT (7/18) GAT (32/45)
H H 66
164 Glutamic acid 39/3 4910770 109 Valine GTA (15/17) GTA (20/41)
169 Alanine 21/7 3.% 10 GTG (2/17) GTG (21/41)
194 Threonine 14/4 15101
200 Glutamic acid 35/8 7410°% 112 Serine AGC (15/18) AGC (18/40)
, AGT (3/18) AGT (22/40)

a S/NS: synonymous/non-synonymous mutations.

b Probability: probability, according to a binomial distribution, that in a set of 135 Alanine GCC (7/17) GCC (7/43)
n independent sequences with a mutation, a given number of strains shared a GCT (10/17) GCT (34/43)
synonymous mutation. GCG (2/43)

140 Arginine CGT (13/17) CGC (16/40)
mechanisms by which a viral variant gains prevalence in a pop- CGC (4/17) CGC (24/40)
ulation. A large endemic population with a high replacement;s3 Arginine AGA (8/18) AGA (8/43)
rate is a suitable frame to study such phenomena. This is the AGG (10/18) AGG (35/43)
case of Spain for PRRSV. Spanish pig population is the secong Proline CCA (18/18) CCA (29/45)
largest in Europe with some 24 million pigs and, according to CCG (11/45)
FAO statistics, imports every year about 1.2 million live pigs CCC (5/45)
(http://faostat.fao.ong 163 Valine GTA (13/15) GTA (18/43)
The present study was conducted with two sets of PRRSV GTG (2/15) GTG (16/43)
sequences, one corresponding to the period 1991-1995 and the GTC (9/43)
other to 2000—2005. In this lapse of years, average similarity tas4 Glutamicacid  GAA (16/18) GAA (6/45)
LV changed from above 95% in 1991-1995 to below 90% in GAG (2/18) GAG (39/45)
2000-2005. These values suggest an increase in divergencei@f Alanine GCC (10/18) GCC (20/41)
about 0.5% per year. If divergence increased at a constant rate GCT (8/18) GCT (21/41)

and sequences from 1991 to 1995 shared an average similarity of prerences in the denominator to 18 (1991-1995 sequences) or to 46
95% to LV, original PRRSV strains in pigs could have originated(2000-2005 strains) reflect non-synonymous mutations.

some 10 years before; namely, about 1981-1985. This is the
predicted date in which PRRSV is thought to have entered the

domestic pig populationFprsberg et al., 2001; Hanada et al., leucine was preferentially coded with TTG as did the mostrecent

2005; Plagemann, 203

Spanish strains. Most frequent codons for these aminoacids in

The entropy analysis showed that this divergence arise frorB000-2005 sequences were similar to the codon usage in some
mutations scattered in ORF5 although hypervariable regionkighly expressed swine genes. These results can be interpreted

could be recognised. This has been described befeesch

as a sign of either a selection or an adaptation of PRRSV to

et al., 2005; Pirzadeh et al., 1998nd it is thought that these the codon usage most adequate for an efficient replication in
hypervariable regions can correspond to potentially immunothe pig host. Also, this adaptation can have other implications.
genic sites. Actually, the neutralisation epitope of GP5 is locate&everal authorsQook et al., 2005; Kheyar et al., 200bave

inthe middle of the ectodomaiRlagemann, 2004kand the first
hypervariable region flanked this epitope.

shown that optimising codon usage of arterivirus genes to that
of mammalian cells results in an increase of the levels of expres-

Codon usage was different for leucine, glutamine, serine andion of viral genes as well as increases immunogenicity of viral
proline in either set of Spanish sequences. When compargatoteins. In the present case, our results suggest that PRRSV
with the codon usage of other early European PRRSYV strainss still adapting to the swine host. This should be taken into
results were similar for glutamine, serine and proline whileaccount when designing attenuated vaccines because adequate
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Fig. 2. Comparison with other non-Spanish European strains of the hypothetical GP5 containing all predicted sites for positive and negativie Sgaotsh

PRRSYV sequences. The hypothetical GP5 was BLASTed and the 10 closest non-Spanish matches were included in the alignment along with Lelystad)virus GP5
and an European-type strain isolated in USA. Protein sequences are represented by its GenBank accession number followed by the country AtietignKT:

Denmark, IT: Italy, US: United States of America) and the year of isolation. Amino acids are presented with a one-letter code in the row correspdn@iny t
Discontinuous underlined: predicted signal peptide. (—) Continuous underlined: predigtgdosylation sites 1) Boxed segments: predicted transmembrane
regions in the hypothetical GP¥] Negative selection sites. Positive selection sites are marked with the one-letter aminoacid code in the hypothetical GP5. Selection
site: the last row shows whether or not the predicted selection sites were found in other non-Spanish European sequendesidasésnegative selection site

found in 11/11 non-Spanish European sequences. Aminoacid symbol (X) indicates positive selection site found in at least one non-Spanishdeamgeean se
Encircled aminoacid symbol (®) indicates positive selection site founeBifil non-Spanish European sequences. (*) Predicted positive or negative selection site
not found in non-Spanish European sequences.

levels of expression of viral proteins are important to develoghat suggests that many of these adaptations were not selected
strong immune responses. because of a pressure of the neutralising antibodies. In con-

The codon analysis revealed and average S/NS of 1.41. Thigast, the negatively selected sites were concentrated in the last
ratio was similar to that determined bijanada et al. (2005pr 100 aminoacids of GP5 (14/20 sites) for which no neutralis-
Coronaviruses but lower than reported by oth&egch et al., ing antibodies have been detected so Riagemann, 2004g,b
2005 for PRRSV. This high rate of non-synonymous mutationsThese negatively selected sites clustered in three segments of the
may have importantimplications for the design of vaccines sinceredicted GP5. The first two of these clusters (residues 73—-89
these variable points may constitute inefficient targets for thand 108-113) corresponded to predicted transmembrane regions
immune system. while the function of the third segment is still unknown. Since

The examination of positively and negatively selected sitevariability of aminoacids in those points is restricted in spite
showed 24 potential sites for positive selection and 20 for negef the presence of several possible codons, it is reasonable to
ative selection. Ten of the 24 sites for positive selection weré¢hink that these sites are probably crucial for virus integrity or
located in transmembrane sections of the predicted GP5, a faftinctionality.
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