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Abstract. The infectious bronchitis virus (IBV) spike glycoprotein S1 subunit is required to initiate infection and
contains virus-neutralizing and serotype-specific epitope(s). Reported are the S1 gene nucleotide and predicted
amino acid sequences for the Florida 18288 strain and isolates GA-92, CV-56b, CV-9437, CV-1686, and 1013.
These sequences were compared with previously published gene sequences of IBV strains, and phylogenetic
relationships are reported. The S1 amino acid sequence of Florida 18288 was 94.9% similar to the Connecticut
strain, and GA-92 was 92.8% similar to the Arkansas 99 strain. S1 amino acid sequences of the California variants,
CV-56b, CV-9437, and CV-1686, were 97.6-99.3% similar to one another and only 76.6%—76.8% similar to the
Arkansas-type strains. Isolate 1013, also from California, was 84.0% similar to Ark DPI and 77.9% similar to CV-
56b. When comparing 19 viruses isolated from the United States, sequence variations were observed between
amino acids 55-96, 115-149, 255-309, and 378-395. Similar regions are reported to be involved in virus-
neutralizing and/or serotype-specific epitopes. These data demonstrate that variant IBV strains continue to emerge,

and unique variants may circulate among poultry in geographically isolated areas.
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Introduction

Avian infectious bronchitis virus (IBV) causes an
economically important upper respiratory tract dis-
ease in chickens that results in reduced weight gains
and reduction of egg production. Infectious bronchitis
is complicated by secondary bacterial infections such
as Mycoplasma sp. and Escherichia coli that may
increase mortality (1). Vaccination for infectious
bronchitis is hindered because monovalent IBV
vaccines do not provide complete protection against
heterologous serotypes (2,3).

Infectious bronchitis virus, a member of the

The nucleotide sequence data reported in this paper have been
submitted to the GenBank nucleotide sequence database and have
been assigned the accession numbers 1013 = AF027508, CV-
9437 = AF027510, CV-1686=AF027511, CV56-b= AF027509,
FL 18288 = AF027512.

Coronaviridae family, contains four structural pro-
teins. These are the small membrane protein, the
integral membrane glycoprotein, the phosphorylated
nucleocapsid protein, and the spike (S) glycoprotein
(4,5). The S glycoprotein is cleaved posttranslation-
ally by cellular proteases into the S1 and S2 subunits
(6). The globular S1 subunit forms the tip of the spike,
extending outwardly, whereas S2 anchors S1 to the
viral membrane (7).

The S1 subunit is involved with infectivity and
contains virus-neutralizing epitopes, serotype-specific
sequences, and hemagglutinin activity (7-11).
Different serotypes and subtypes of IBV are thought
to be generated by nucleotide insertions, deletions, or
point mutations in the S1 subunit made by the viral
polymerase (12). Another mechanism for variability
in the S1 subunit may be RNA recombination
(13-16). Consequently, changes in the S1 subunit
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can lead to emergence and proliferation of variant
serotypes.

Sequence variations in S1 subunits have been
identified among European IBV strains and within the
Massachusetts (Mass) serotype. These are designated
hypervariable region (HVR) I (residues 56—69) and
HVR 1II (residues 117-131) (17,18). Isolates from
chickens in the United States (US), other than the
Mass serotype, have similar highly variable regions in
the S1 subunit between residues 53—-148 (15). Other
variable regions have been detected between residues
250-310 for the strains H120, D207, D1466, V1397,
Mass 41, Mass 42, and residues 269-365 (including
the signal sequence) in the strains 6/82, 123/82, and
167/82 (12,19). These variable regions (HVR I, HVR
I, and residues 250-365) are similar to sequence
regions designated I, II, and III associated with three
virus-neutralizing epitopes determined by selection of
monoclonal antibody (Mab) neutralization-resistant
(NR) mutants (20). HVR 1 was associated with a
virus-neutralizing epitope and a hemagglutinin,
whereas amino acids 250-386 are associated with a
serotype-specific epitope (17,21).

The objectives of this investigation were to
sequence the S1 gene of the Florida 18288 strain
and variant IBV isolates GA-92, CV-56b, CV-9437,
CV-1686, and 1013. Sequence comparison and
phylogenetic analysis were used to determine the
relationship of these viruses with other USA isolates
of IBV and to further identify variable regions that
may be virus-neutralizing epitopes on the Sl
glycoprotein subunit.

Materials and Methods
Viruses and Histories

The S1 nucleotide and predicted amino acids
sequences were determined from these viruses
isolated in the United States; Florida 18288 (FL-
18288), Georgia isolate 1992 (GA-92), and isolates
from California CV-56b, CV-9437, CV-1686, and
1013.

FL-18288 strain, representing the Florida serotype,
was isolated from layers in 1972, and was obtained
from Dr. Pedro Villegas at the University of Georgia
(22). GA-92 (Arkansas serotype) was isolated in 1992
at the Poultry Diagnostic and Research Center
(PDRC) from a broiler flock in Georgia exhibiting

respiratory distress (23). All isolates from California
were from chickens showing respiratory distress. CV-
56b (isolated in 1991 from broilers), CV-1686
(isolated in 1995 from broilers), and 1013 (isolated
in 1995 from silkies) were obtained from the
California Veterinary Diagnostic Laboratory System
(Fresno, CA), whereas CV-9437 (isolated in 1995
from broilers) was submitted to PDRC. Isolation of
IBV strains from California started in 1984 and are
referred to as California variants. California variants
in this study are represented by CV-56b. Data from
serum neutralization studies suggest that these variant
strains may compose a new serotype (23,24).

RNA Isolation and RT-PCR

All procedures for RNA isolation and reverse
transcriptase-polymerase chain reaction (RT-PCR)
were previously described (25). Briefly, RNA was
isolated from IBV infective allantoic fluids after
treatment with Proteinase K (250 pg/ml) and SDS
(final 2% solution wt/wt), with incubation at 55°C for
5 min. Phenol-chloroform-isoamyl alcohol (25:24:1)
and chloroform-isoamyl alcohol (24:1) extractions
were completed, and RNA was isolated from infective
allantoic fluids using the RNAid Kit (Bio 101).
Primers MIBVPCR and NIBVPCR were used to
amplify a conserved region between the membrane
and nucleocapsid genes for identification of IBV
(26,27). The Sloligo5’ (5-TGAAACTGAACAA-
AAGAC-3’) and Sloligo3’ (5'-CATAACTAACAT-
AAGGGCAA-3) primers were used to amplify S1
gene as previously described (25,28). The S1 gene
amplification product was used for subsequent
restriction fragment length polymorphism (RFLP) or
DNA sequencing.

Restriction Fragment Length Polymorphism
Analysis

Amplification products were excised from an agarose
gel and purified using Geneclean (Bio 101). The
restriction endonucleases, Bst YI, Hae 111, and Xcm 1
(New England Biolabs) were used to digest the S1
gene amplification product as previously described
(25). RFLPS were determined following agarose gel
electrophoresis (25).



DNA Sequencing and Sequence Analysis

The S1 gene polymerase chain reaction (PCR)
products for FL-18288, GA-92, and CV-9437 were
cloned into the TA cloning vector (Invitrogen Corp.),
and ligated areas of the plasmids were sequenced with
the MI13 universal forward and reverse primers
(Molecular  Genetics  Instrumentation  Facility,
University of Georgia). After initial sequence data
was obtained from plasmid DNA, the S1 gene for each
sample was amplified by RT-PCR in six or more tubes
then combined and used as template for subsequent
sequencing. Sequencing primers to various regions
within the S1 gene for FL-18288, GA-92, CV-56b,
CV-9437, CV-1686, and 1013 were designed
using OLIGO™ version 4.0 software (National
Biosciences, Inc.) and are available upon request.

Double-stranded DNA sequencing was conducted
using automated sequencing with the Prism™
DyeDeoxy terminator cycle sequencing kit as recom-
mended by the manufacturer (Perkin Elmer; 29,30).
All samples were purified for DNA sequencing using
Microcon™ 30 columns (Amicon, Inc.). Automated
sequencing was conducted at the USDA Southeastern
Poultry Research Laboratory (Athens, GA).

The nucleotide sequence of the S1 gene from the
ATG start site to the cleavage site for the FL-18288,
GA-92, CV-56b, CV-9437, CV-1686, and 1013 were
compared with published sequences from Beaudette
(accession # X02342), Mass 41 (accession # X04722),
Connecticut (Conn) (accession # L.18990), Arkansas
(Ark) 99 (accession # M85244), Ark DPI (accession #
AF006624), CU-T2 (accession # U04739), Ppl4
(accession # M99483), Sel7 (accession # M99484),
Towa 609 (Dr. Collisson, Texas A & M U., College
Station, TX), Holte (accession # L18988), JMK
(accession # L.14070), Gray (accession # L14069),
and De-072 (accession # U90751) (15,16,34-36).
Alignments and phylogenetic analysis were conducted
using CLUSTAL V method in MegAlign software
version 1.03 (DNAStar Inc., Madison, WI). This
method uses a multiple alignment algorithm, and
unweighted pair group method with arithmetic mean
algorithm (UPGMA) toderive a preliminary phylogeny
(31,32). The final phylogeny is produced by applying
the neighbor-joining method (33). The CLUSTAL V
method was compared with UPGMA with
MacDNASIS ProV3.0 software (Hitachi Software
Engineering Co., Ltd) and IntelliGenetics GeneWorks
2.45™ (Intelligenetics, Inc. Mountain View, CA).
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Results

IBV Isolate ldentification and RFLP Analysis of
Amplification Products

Reverse-transcriptase PCR in conjunction with RFLP
were conducted for initial characterization of IBV
strain FL-18288 and isolates, GA-92, CV-56b, CV-
9437, CV-1686, and 1013 (25). All samples were
identified as IBV by the amplification of a 1.02kb
PCR product with the MIBVPCR and NIBVPCR
primers (data not shown). The S1 gene PCR product
(1.7kb) was subsequently amplified with the
Sloligo5’ and Sloligo3’ primers for all isolates (data
not shown).

Using the restriction enzymes Bst Y1, Hae 111, and
Xcm 1, the RFLP pattern for amplification products
from FL-18288 corresponded to a pattern reported by
Kwon et al. (25). The RFLP patterns for CV-9437 and
CV-1686 amplification products were identical to one
another and to patterns for other California variants
represented by CV-56b. However, the RFLP pattern
for GA-92 and 1013 differed from one another and
from other IBV strains using the restriction enzyme,
Bst YI (Fig. 1).

S1 Nucleotide Sequence Comparison among
IBV Isolates

The S1 nucleotide sequence alignments and pair
distances data are presented in Fig. 2 and Table 1
respectively. The S1 gene nucleotide sequence of FL-
18288 was most similar to the Conn strain (97.3%).
Isolates CV-9437, CV-1686, and CV-56b had Sl
genes most similar (98.7%-99.7%) to one another,
and 78.5% to 79.0% similar to Ark 99. The IBV
isolate 1013 was most similar to Ark 99 (84.7%) and
Ark DPI (85.1%), whereas GA-92 was most similar
to Ark 99 (95.3%). All methods used to create
phylogenetic trees produced similar dendrograms
when comparing S1 genes and had similar topology
to the trees based on S1 amino acid sequences as
illustrated in Fig. 3.

S1 Amino Acid Sequence Comparison

A dendrogram was generated following alignment of
the S1 glycoprotein sequences to determine phyloge-
netic relationships among IBV strains in the United
States (Fig. 3). Similar topologies were obtained when
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Fig. 1. Variation of infectious bronchitis virus S1 genes demonstrated by RFLP of RT-PCR amplification products using viral genomic
RNA as a template. Lane 3 = GA-92 cut with Bst YI; Lane 4 = GA-92 cut with Hae III; Lane 5 = GA-92 cut with Xcm I; Lane 6 =
CV-9437 cut with Bst YI; Lane 7= CV-9437 cut with Hae III; Lane 8 = CV-9437 cut with Xcm I; Lane 9 = 1013 cut with Bst YI; Lane
10=1013 cut with Hae III; Lane 11 = 1013 cut with Xcm 1. Numbers at the left and right are molecular-weight markers in kilobase
pairs. Lanes 1 and 12 = molecular-weight marker, lambda cut with Eco RI and Hind III giving the fragments of the following sizes:
25.7kb, 4.3kb, 2.0kb, 1.65kb, 1.35kb, 0.95kb, 0.90kb, and 0.60kb; Lane 2 = molecular-weight marker (BioVenture, Inc.,

Murfreesboro, Tenn.).

generating phylogenetic trees using UPGMA, PAUP,
and the neighbor-joining method. The S1 amino acid
sequence alignments and pair distances data are
presented in Fig. 4 and Table 2 respectively. The

Table 1. S1 nucleic acid sequence alignment pair distances

FL-18288 strain S1 protein sequence was 94.9%
similar to that of the Conn strain. California variants,
CV-56b, CV-9437, and CV-1686, were 97.6% to
99.3% similar to one another, and 76.6% to 76.8%
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3
713
76.0

1.2
18.0
1.1
23.0
229
242
20.3
20.6
20.6
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239
225
242
23.8
24.0
534
3

4
71.8
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98.7

17.8
0.3
229
22.9
23.7
20.0
20.2
20.6
21.2
23.7
22.5
23.7
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23.8
53.3
4

5
70.0
81.8
81.1
81.3

18.1
232
232
25.0
14.2
14.1
14.6
17.5
19.5
21.9
22.2
21.4
21.6
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5

6
71.8
76.1
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23.1
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20.2
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24.0
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.
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Fig. 2. Nucleotide sequence of the S1 glycoprotein gene region showing differences from the consensus for each of the virus strains listed.
Dashes were introduced to align the sequences. ‘*X’’ indicates unavailable sequences. Dots indicate nucleotides that match the consensus

exactly.
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................................... AL . e e e e e e e e Mass 41
............................................................ Conn
..... S I Y
e e e 3 L C Ark DPI
..... o O < R 1)
..... T < e A L 4
........... G. .G . A . e e e e G G CosET
..... G v e e e e e e e e e e A6 CC oo Towa 609
LT DAL G oo e e e e e e e 6. .C. ... . Holte
LTT G. . ... Co e - O ¢ MK
L TT G. . ... Coo e e e e AL .G .. e e e e e Gray
G.A. ... ... GG...GG. .. ... T.A.G. ... TAG. . .T.TC........ CA . C De-272

Fig. 2. (Continued)
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CTTGTTTTCACATCTAATGAGACTGTAGATGTTGCAGCTGCAGGTGTTCATTTTAAAGCT Majorizy
582 ... ... AL L O CAC. .. .... . T T..~=-=---- B F1-18288
2 CT.T ... A .. ..... L C..C..C...AG. GA-22
529 ... ... T A.CT. e T cC...... GC. . .CCv-séb
529 ... ... LT T A..T...6...T..... C....... C. .. C Cv-1686
538 L . Lo CT.T ... A ... ... B S O T. 1013
S29 ... ... T, . T . e A..T...6...T..... C...... GC. .. C Cv-9437
31 Beaudette
3 T T T T Mass 41
5] T T. .. Conn
538 . ..o cT. 7T AL e T o it i C. . v v oo AG . Ark 99
538 . L L. CT.T. ... A, .. ..... T oo e e e e e e C. v v v v v AG . Ark DPI
535 L L oL CT.T....A........ R C. oo v v v AG. CU-T2
538 . . ... CT. T AL T e i v e C. .. v o AG . PP14
538 ... ... T........ C..CL. . o i [ A T A SE17
538 . ... ... L C.GTAGA . ... L. vt v i e e e e e e A Towa €03
535 . ... ... T..T..... C..A AL Lo GT . A . . ittt e e e e Holte
535 ... L QL L TT e e e L IMK
53 ... .. C..TT ... .. ... ... e e e e e e L Gray
8 .. .C....T..T...... T.T.. A A. . ..... A AL C. 6-C. A . A De-072

GGTGGACC-TATAACTTATAAAGTTATGAGAGAAGTTAAAGCCTTGGCTTATTTTGTTAA Majority
3 T S S C. v i v v v v v G .. . F1-18288
598 .. ... ... S e e e e e e C. oo v v v G....... G . v v v e e e e e e C. . GA-®2
589 . . C. .. e e e e e e e e e e e e e e C. P ¢ S Cv-56b
588 . .C. .. S e e e e e e e e e T Cv-1686
598 . ... .. e e e e e e e e s e e e AG. . ... S 1013
58 . .C..... e e e e e e e e e e C. T CV-9437
S77 .. .. .. E T T Beaudette
577 e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e Mass 41
565 L Conn
598 S T T S G o e e e e e e e e e e e e C. . Ark 99
598 LS T C . . Ark OPI
595 L T c. . -T2
598 SL G G o v e e e e e e e e e e e e C . . PPl4
598 ~CL e C.o oo oo AG . ACC. .. .. L SE17
S98 . . L L e C o e e e e e e e T..... C. .. ... A . Iowa 603
595 . .. .. G. .~ ... 00 G. ... .. C..ACC G.TT ..o v v i i e e e e e Holte
595 ... ... L S AG LACC L L. (O IMK
§95 .. ... B AG...ACC.. ... T e e e e e e Gray
S67 A. . TA. .GG.T GAACGC.G. ... ... C. .TACACCT.TTA AL G . . De-072

TGGTACTGCACAAGATGTTATTCTGTGTGATGGTTCACCTAGAGGTTTGTTAGCATGCCA Majority
615 . .. ..o C......7T..6G....... - S o F1-18288
657 . . ... .. L ... .. AL S R T GA-92
648 . . . . .. Con e cC. ... A e e e e e e e e e e CV-56b
648 . . . . .. Coo e e c.... .. S CV-1686
657 . .. ..o G. ... ... .. G....C. A e e e e e e e e e 1013
648 . . . . .. Coo e R N A e e e e e e e CV-9437
B36 . . e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e s 8eaudette
036 . L L e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e Mass 41
-2 S Conn
657 . . . ..o T.o.... c..... AL oo ACA . . o e e e e e Ark 99
657 . ... ..o T..... C..... . ACA . L L e e e e e e e e e Ark DPI
654 . . .. ..o T..... C..... AL S -12
657 . . .. ..o T..... cC..... Ao ACA . . L e e e e e e e PP14
657 . . e e e e L T. SE17
B57 L e e e e e e e e e e e e e e s e e e G .o e e e G..T. . Iowa 603
654 . .. ... .T Lo 0T e G ... e G..... T . . Holte
{35 T o e e e e e e e e e e e e e e e e e e e e e T. . M
BS54 L L L L L e e e e 2 5 T . . Gray
627 .. .C..A.TG........ C..A. . A. . ... ... ACAGT A AGA G..T..T.. De-072

Fig. 2. (Continued)
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GTATAATACTGGCAATTTTTCAGATGGCTTCTATCCT-TTTACTAATAGTAGTATTGTTA Majority

B75 L . e e e e e e e e e T. . €. s T.A. ... Fl-18288
77 AL .T L CL 0L 0L CL. v v i e e e e e C.o v e e GA-92
T8 A L . L e e e e e e e e e e e e s e e e e e e e e e e e e e e e e e Cv-56b
788 A L L e e e e e e e e e s s e e e e e e e e e e e e e e e e e e e e e e (vV-1686
717 A L L e e e e e e e e e e e e e e e e C. v v i 1013
(2 e e e e e e e e e e e e e e e e e e Cv-9437
098 . . L L e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e Beaudette
B0 . . L L e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e I Mass 41
B84 L L L L e e e e e e e e e e e e e e e . e e e e e e e e e e e e e e e e e e e Conn
717 A L L e e e e e e e e e e e e e e e e e S e e e e Co v v v i e e Ark 99
717 A L e e e e e e e e e e e e e e e e e e e e L C. oo i v v e Ark DPI
7 G S L Cov v i i e -T2
7 - e e e e e e e e, C.o v v i o PP14 -
717 ... PR T TC. ... ... e e e e e e e TA..C. . ... ... SE17
717 .. C e e T... .. T. ... .. TT .- . e GAC.CC. ... ... Towa 609
4 L. Lo P L c..T. ... ... e e e e e GA. .C........ Holte
714 .. L. L. ... .. T..C. .. ... T. . 000 e e e e e e e G.Cc.C........ JMK

74 L. L [ T..C.. .. 0., ST R G...C. .. ... Gray
687 . . .. ... .. LT L 6....TG..G.AC-C.G...C. . De-072

AGGATAAGTTTATTGTTTATCGTGAAAATAGTGTTAATACTACTTTGACATTAACTAATT Majority

738 .. C.G Lo cC....... Q.. .... . C.T.AG...CAC. ... Fl-18288
776 L e e e e e e e e e e e G...... C o e e e e e e e e e e e e e e GA-92
767 DAL G L L e e e e e cC.T....G6T7TT......... G CvV-56b
/28 S cC...... GTT . ........ G CV-1686
776 . . e e e e e e e e e e e e e e e e e 6. .. ... 1013
77 ... ALGL Lo e e e e e e e e c...... GTT. . ....... G CV-9437
723 G . v v i e Beaudette
45 T Mass 41
2 e Conn
44 T G. ... o Ark 99
44 T G. ... .. C. .. v oo . S Ark DPI
T73 o e e e e e e e e G .. .G . AL oo Cu-12
776 o L o e e e e e e e e e e e e e e e T R e PP14
76 .. L. G oot e e e e < SEL7
776 AL L. 2 CGT .. .G6. ... ... Towa 609
4 T C. v v oo c..... C. ... .. G. . v v v v Holte
73 .. L. G .. e e C... ... C.o oo JMK

773 . ... .. G oot v e e e C. ... .. o C. ... ... .. Gray
746 GTA. . TTTAC.T....A.CA.T...T.T.TC.TC..C..GCTA.GG.GTT. .6G....... De-072

TCACGTTTAGTAATGAAAGTGGTGCCCCTCCTAATACAGGTGGTGTTGACACTTTTATTT Majority

79 .. .. T .. CAL oL G.C...C...AAC. ... .. CTT......... C.G.A.---...CFl-18288
B36 . L . . e e e e e e e e e e e e e e e e e e e e e G. .. ... GA-92
827 . T.....CTT...... ... AL Lo AL AL cC6G ... .. ALC A.TG. . .AA.T . Cv-5S6b
827 . T..... CTT .. .. ... AL .. AL LAL L C6G .. ... A.C..A.TG. . AA.T. . . (V-1686
836 . ... ..o C o e e e e e e e e e e A...GC...6.. . 1013
827 T ... .. CTT .. .. .. .... AL AL VAL L C6G. . ... A.C..A.TG. . .AA.T. .. (v-9437
51 T - - - . . . . Beaudette
B1S L L e e e e e e e e e e e e e e e e e Ao oo - - - . . . . Mass 41
83 ... ... e e e e e e e e e e e e e e e e e e e e e e e . --=-.... Com
B36 . L L e e e e e e e e e e e s 6. vvv e Ark 99
B36 . . e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e G. .. ... Ark OPI
833 L L e e e e e e e e e e e e e s e e e e e G. ... ... wW-72
83%6 ... ... .. T G. .. ... .. PP14
836 ... ... .. TT...CC. .. ... AL T.. .00 G. ... T...... G . . . SEi7
836 ... L AL L TCOL L 0 O e e e e e CAAC. .C. ... ... .. G . . . Iowa 609
833 ... .. ... FE B ALCAL LG c..T...... G . . . Holte
833 L. Lo cC...T....... ... AC. .. ... .. C. .o v v e e C . IMK
833 . L e e L AC. ... ... C.o o v v C . Gray
86 T .. ... ... TT....... TAG.G..C...GG.AAACA . A . C.LT.----- GG . . De-072

Fig. 2. (Continued)
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TA---TACCAGACACAAACAGCTCAGAGTGGTTATTATAATTTTAATTTTTCATTTCTGA Majoruzy
851 A L ACT . L L L LA e e e e e e e e e e e e e e e e e e C. .. ... F1-18288
836 . .- - - CLo i e C.GA. .G. .. A . oot v v GA-92
887 . ... ... T. ... GT . . o e e 6. .. ... CV-Séb
87 .. .T...T...... LT e G....... CV-1686
- T [ 1013
887 . . . T...T...... LT [ Cv-9437
B72 . .o o e e T Beaudette
- 272 Mass 41
-1 O Conn
3 L S T S L U I Ark 99
896 . . - - e e e e e e e e e e e e e e e e C. vt e e Ark DPI
893 L L s m e e e e e e e e e e e e e e e e e Cov v vt e CU-72
3 T T T e R PP14
836 . .- - - T e e e e e e e e e e e e e e e e e e e e e e e SE17
8% . .- - - ... G oo e e e e e e e e e e e e e e e e e e C.o v v v v v o Towa 603
893 .. ---C. . ... .. L TT...A..... CA. . ... .... Hotte
893 .. ---..T..... G P IMK
893 . . --- .. T ... .. G . o n e - S o Gray
861 . ...--.TT..-T..---T.7TTC.T.  A-..C...GT......... A, . AAT . ... De-072

GTAGTTTTGTTTATAAGGAAAGTAATTTTATGTATGGATCTTATCAC->-+~-+--- CCAAGT - Majority
911 . LG ..o e e e e LT T i T TP - F1-18288
953 L L L. e GA. .. ... ... AL .o e L ... 0L - GA-R2
Y47 L e e e e e e G. .o v G. . vvi s mmm--- .. .. A . - (V-56b
947 L e e e e e e e G. .. AL G. ... m=m===- ... . AL - (V-1686
953 L L e e e e e e G. . AL L C. o= = === - 1013
947 L L e e LG [T L. AL - (V-0437
2 7 T - Beaudette
L - T - Mass 41
920 . . .. ... L A TR T - Conn
953 . ... oo G. .. ... ... AL oo €. . T-=-=--- .. GG C . - Ark 99
953 L L L e G. .. . C..T-=-=--- .. .C. . - Ark DPI
9O L G..6. .. ... .. A e T------ P . 1A
953 L . ..o G. .. ... Ao e e e e e C. . . T-=-=---- ... C. .~ PPl4
L7 G. . ... .. Coo i n o i C...=-==-~-=-- ... CT . - SE17
953 L L e e e e e e e G. . ... T. .. 0 €. .T---+--- .. T.AG- Iowa 689
95@¢ . . ... ..o . AL oo o G..... C..T-==w=-- .. GCA . - Holte
950 . . AL L L < Lo CA L - KK
959 . . . AL ... L C...=====-= .. .CA . - Gray
914 A . . . C. .. AC. ... .GTA ... ... G, ... GATAGA. .T...... T.TGGTAAG. . .G. .A De-972

----- TGTAATTTTAGACCAGAAACCATTAATAATGGTTTGTGGTTTAATTCACTTTCAG Majority
964 - - - - - e e e e e e e T. . 000 e o F1-18288
1006 - - - - - G. ..o T.6 R S e e e e C. ... .. c... .. T . GA-92
1008 - - - - - . L ..o e e AL c.Cc..... C. ... .. .. C . A (V-56b
1000 - - - = = . L. ..o - c.C..... C. .. .. C . A (v-1686
1006 - - - - - . . ... oo o L AC.C. . v v i o e e 1013
1000 - - - - = L Lo e e e e . c.C..... C........ C . A (v-9437
985 - ----. . ... AL L T Beaudette
985 - - - - - L L T Mass 41
L T T e Conn
1006 - - - - - LG | [ I [N C.. ... T . Ark 99
1006 - - - - - LG T.. ... C o e e s e e e e e e e e e ... .. T Ark OPI
1003 - - - - - PR T T. ... C o e e e e e e e e e e e c. ... T. CU-T2
1086 - - - - - LG T...0.0.. C o e e e e e e e e e e e e T..... T . PP14
1006 - - - - - G. ... T. ... G e e e e e e e e e e C A . T . SE17
1006 - - - - - . .. G . .G LA L e e e e e e e e T..... T . Iowa 689
1003 - - - - - . . Lo T S Holte
103 - - - - - G. . ... G O T T IMK
1903 - - - - - G ..o G . C o e e e e e e e e e e e e e e e e e e Gray
974 GTAGG C.oo oo 6. .. .. GT .. ....... G A C.TA.T. ... ... A . T . De-072

Fig. 2. (Continued)
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TTTCACTTACTTACGGTCCTCTTCAAGGTGGTTGTAAGCAATCTGTCTTTAATGGTAGAG Majoriey
1019 .. ... S o G........ F1-18283
ies8 . . . .. T.A.TA... ... .. CA L e e e S A . . GA-92
1055 C SO cC..A. 7 G . C. . . v G AL LT oo c.C. Cv-56b
1055 . C. .. .. C.... .. .. C. . A, A, .. .. G C........ G..A..T...... c.C. Cv-1686
@61 . C. .. .. C.... ... .. C..A. . A, ... ... cC..... A G..A. . T .. ..... c. ... 1013
05 . C. . ... C.o oo L C..A..A. .. .. G..C. ... G..A..T...... c.C. . (V-9437
1040 . . . L e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e AL ... ... Beaudette
L e Mass 41
b7 S Conn
1058 . . . .. T.A.TA. .. ... .. CA L e e e e e . S A .. Ark 99
w061 .. ... T.AL. . A .. ... .. CA L e e e e AL oo oo A . . Ark OPI
058 . . . .. T.A. A .. ... .. CA L e e e e . A. . Q-T2
1061 . A T.A. AL . T A . PP14
1061 AL VA L Lo O SE17
°61 . C. . ... L A..T..G AL LG C..T. .. . . A Iowa 609
1058 . . ... Lo e A c..... G o e e e e e e P A . A Holte
B IMK
2058 L L e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e Gray
1034 . A T LG T LA ACATC. . o000 Ao T.GGC.AAA.GAG . De-972
CAACTTGTTGTTATGCTTATTCATACA---GAGGTCCTCCTGTTTGTAAAGGTGTTTATT Majortity
1879 . . . L e e e e e e G--=~-. ... ... T.6T.6.. ... G. ... . F1-18288
118 . . L L e e e e e e e EE T T C. .. A GA-92
115 0 v L o e e e e e e e e e e e e e e e ~-=-AT .. ... . S C Cv-56b
s peos == =AT Lo . P C Cv-1686
8 --=-AC. ... . P 1013
1115 . . . o e e e e e e e e e N ---AT. .. P C CV-9437
. I T Co s e e e e Beaudette
1100 . . . . L e e e e e T . --=- . e Con ol v n e e e e e Mass 41
L. . L L L Conn
D B S < C. . A Ark 9%
T B = . S < € C. . A Ark DPI
I8 . . . L e e e .- - A LG LUAG L L C...A QT2
1121 . . . CAA L AA L L e G..6G. ... e C...APPI4
1121 . . o oo e e e C.o .o T SE17
5 7 T.---AC. ... ... - S Iowa 609
118 . . . L L e C..T..T.-=--....C... A, ACA. ... ... ... A Holte
118 . . . . e e c..... L IMK
118 . . . . L cC..... T .- - e o Gray
1094 . . . AL L. L. C.T....... AA . ... ATG.T. T G.AA . . ..o C A De-072
GAGGTGAGTTAACACATCATTTTGAATGTGGTTTGTTAGTTTATGTTACTAAGAGCGATG Majority
1136 C . . . ... T.AG.G . . o o oo oo o AC . o e e e e e e e F1-18288
175 . . ... L. C. ... ... G oo o e e e e e e e e e e e e e e e e e e GA-92
1172 . . . .. C. .o . S C. .. ... - S . €. CV-Séb
1172 . . ... C. .. . S C. ... ... . C . Cv-1686
1178 . . . . . . L L C LT CGT L o6 T o e e e e e e e e e e e e e e e e e e e e e e e e 1013
172 . . . .. C. ... . ... - C........ AL .o C . Qv-9437
157 . . . . ... GAT . L LA L e e e e e e e e e e e e e e e e e e e G . . Beaudette
1157 . . . .00 L. GAT . T LA L o e e e e e e e e e e e e e e e e e e e e e G . Mass 41
1145 T . . . . . ..o S . Conn
1175 .. .. ... C. ... G oo e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e Ark 99
FE ™ Y2 BRI c. ... .. e Ark OPI
1175 . C. ... L. C. .. ... T T CU-T2
178 . . . ... L. C. ... .. L A PP14
1178 . . . . .o L. CeT. A e e e e e e e e e e e e e e e e e e e e e e e e SE17
178 . . .o CGT . e e e s e e e e e Ao oo s Iowa 689
17 . 17..... . C.T..G. AAG . . . . L e e e e e e CA. .. ... ... T. . Holte
1175 . . . o0 0L cC. 7. S T IMK
175 . . .00 L S Gray
1154 ATTT . . . TAA.GATGT . A A G LT T....... T.A...G..... CT. . De-@72

Fig. 2. (Continued)
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GCTCTCGTATACAAACAGCAACAGAACCACCTGTATTAACTCAAAATTTTTATAATAACA Majortzy

1256
1295
1292
1292
1298
1292
1277
1277
1265
1295
1298
1295
1298
1298
1298
1295
1295
1295
1274

F1-18288

Majority

F1-18288
GA-92

. Cv-S6b

. Cv-1686

. 1013

. (v-9437
Beaudette
Mass 41

SE17

Holte

1316 . . . . .. C e T oo C.. ... .. C.C....A. ... ... F1-18288
1385 . ... LT LT oL AL LT s TG . . ... ... AL AL GA-92
1352 . L L L e e e e e AL GA . o e e e e e e e e e AL AL Lo CV-56b
1352 . . L. e AL GA . . o e e e e e e e e e AL LAL L CV-1686
1358 T ... . ... T o0 AG. . ..o C AL T..AC. . ..... C . 1013
1352 . .. .. e e AL GA . L o e e e e e e e e AL AL v-9437
1337 ... ... S L L Beaudette
1 1 e Mass 41
T T R NN NN NI Conn
1355 . . . ..o LT LT A TCCC. ... ... c..... G..G..... AL AL Ark 99
138 . . Lol e T o e e i Ark DPI
1355 .. ... .. LT LT CAL LT O L e 6. ....... AL AL CU-T2
1358 . . .. ... ST LT AL LTCLCL e G........ A. AL ... PP14
1358 . . . L e e S T SE17
1358 . L L L e e e e e - T..A. A ... ... Iowa 609
1355 T A AT ... .6 o T Holte
1355 . . ... L. S R JMK

1355 . . .. ... . T 2 Gray
1334 , . ... ALT Lo G.---.0C. CA.CCAGG. ... .... ACC. T....... T.T.GC De-072

Fig. 2. (Continued)



1496
1535
1532
1532
1535
1532
1517
1517
1505
1535
1538
1535
1538
1538
1538
1535
1535
1535
1511
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TAGATACATCTGGTGCCATAGACATCTTCGTTGTACAAGGTGAATATGGTCTTAATTATT Majorizy
.............. T o e e e T e e e e e e e e e e € FL-18288
................................................. c. c C. . C. GA-22

c. ... AL L T T...... C. ... T. . (V-56p

c. ... AL L T...... C....... T. . Cv-1686

- LSO o A G R 1013

C... .. AL T o e e e e e e e e e T...... C.. ... T. v-9437
............................................................ Begudet:e
............................................................ Mass 41
............................................................ Conn
................................................. c.C...C..C. Ark 92
................................................... C. . C. . . Ark 0PI
................................................. c.c .C. . C. Q-T2
......................................... C .C..C.¢C .C..C. pr14
e e e e e e e e e e e e e e e e e e e e e e e e e e e c..¢c.Cc...C.... sE17
...... L S e S (L
.................................... G....AC....... ...+ ... Holte
................................................... c...C.... I
.......................... O P T 1
..... GACA.A. ... . ..., c..CT. ., ....T....TA.A..CC..CTAACC.G. ... . De-872

ATAAGGTTAATCCTTGTGAAGATGTTAACCAACAGTTTGTAGTTTCTGGTGGTAAATTAG Majority

.......... o P A S & 72
............ L Y 4
............................ T oG e s s e e e e e e e e e e i e e e e e .. CV-SED
....................... FE e N 4
.............................. G.....6......6G6.. A, ... ....TA. .. 1013
.............................. P & it
Beaudette
Mass 41
Conn

............. S oS | LS
e e S Gray
AL Lo AGC. . .A. ... TG...... S A..G..A..T ... . Deo72

TAGGTATTCTTACTTCACGTAATGAAACTGGTTCTCAGCTTCTTGAGAACCAGTTTTACA Majority

......................... O A S5 P41
.......... e o e s L2
...................................... L A A )
.............................. AL oo T e o . CV-1686
B G .o e e e e e e e e e e C.. .G 1013
.............................. S o o A R
Beaudette
............................................................ Mass 41
............................................................ Conn
P Co e e cC. .. ... S Ark 99
.......... C oo e e A e e e e T ATk DRI
....................................... CC. .. AL .. ... QT
....................................... C. ... A o ... T, PPU4
.......... P13 ¥4

B T Co e i C. ... .. T . Iowa 609
.............................. A, ... ....C. ... T, Holte
.......... OO ST S
.......... Coi e e e e e e VAL A e e e e T L Gray
LT LA TAA. . .CC...... T.6....A . AGT.G.CCG. . .AT. ..... T G De-072

Fig. 2. (Continued)
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.TTA.GGAATTC

Fig. 2. (Continued)

similar to the S1 protein from Ark strains. Another
isolate from California, 1013, had an S1 glycoprotein
that was 84.0% similar to Ark DPI and only 77.9%
similar to CV-56b. The GA-92 IBV isolates Sl
protein was 92.8% similar to the Ark 99 glycoprotein.

The predicted S1 glycoprotein amino acid
sequences for IBV isolates FL-18288, GA-92, CV-
56b, CV-9437, CV-1686, and 1013 were aligned with
previously published S1 glycoprotein sequences of
other USA strains in the GenBank database. When
comparing the S1 sequences, the most variations were
observed between residues 55-96, 115-149, 255-309,

31

------- CTAATGGAA------CACGTC Majoriny

...... F1-18288

.. AL L GA-92

. A . (V-S6b

.. . AL . V-1886
...... 1013
Lo AL (V-9437
..... Beaudette
...... Mass 41

---------------------------- Conn

.. . AL . Ark 99
.T . .. . Ark DPI
S AL WU-T2
.TA. . PP14

.. AL SE17 T
...... Towa 609
...... Holte
LT XK
.T. ... Gray

. GTACTAGTAGCCGTAGAATTAGAAGGTCCA. . .G. .A. . ATGTAA. .TC.T De-072

Majority

F1-18288
GA-92
CV-56b
CV-1686
1013
Cv-9437
Beaudette
Mass 41
Conn

Ark 99
Ark DPI
CU-T2
PP14
SE17
Towa 609
Holre
IMK

Gray
De-072

and 378-395 (numbering is in reference to Mass 41 S1
and includes the signal sequence). When comparing
strains Mass 41, Conn, and FL-18288 representing
three serotypes with closely related sequences,
variations occurred in the S1 subunit of all three
strains at residues 91, 125, and 392 as reported in
Table 3.

The S precursor glycoprotein is cleaved post-
translationally marking the carboxyl terminus of the
S1 subunit and the S2 subunit amino terminus (9).
Several IBV isolates reported here had amino acid
sequence variations at the cleavage site (residues

Fig. 3. Phylogenetic analysis demonstrating relationships among the S1 glycoprotein amino acid sequences of infectious bronchitis viruses
isolated in the United States. The tree contains five major groups. One group contains the Arkansas strains, GA-92 (U16157), Ark 99
(M99482), Ark DPI (AF006624), CU-T2 (U04739), and Pp14 (M99483). Another includes the California variants, CV-1686, CV-9437,
CV-56b. Gray (14069), IMK (L14070), Sel7 (M99484), and Iowa 609 are grouped together, and Conn (L.18990), Florida 18288, Beaudette
(M95169), and Mass41 (X04722) form another variety. De-072 (U77298) is substantially different from other IBV strains, whereas Holte
(18988) is placed between the California variants and Gray, with isolate 1013 between the Arkansas strains and the California variants.
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172
181
172
172
181
172
181
181
175
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181
181
181
181
181
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181
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169

343
361
352
352
361
352
358
358
346
361
361
358
361
361
361
358
361
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35
MLVKSLFLVTLLFALCSANLYDNSSYVYYYQSAFRPPNGWHLHGGAYAVVNVSSESNNAG Majority
TP UL oo . T.@1...--- FL-18288
....................... Q. F i i e i GH L e e e e N GAR2
..... T.IP.......T. L3S A o B I T
..... T.IP.......T. [ P | DS S S e
SA Lo I.C.......... E.F.......... GH . . o v v i i vt v e e e e e e N. ... 1013
..... T.I1P.......T. S G v e e e e Qe AL T - - - T V9437
...... B . TP « B L . Beaudette
.......... [ S I
.................................................... F . L~-- Conn
........ 5 SR - AR ) | RS P . . Ark 99
...... L e E LR e GBH L L e e e e e N ARk DRI
.......... O U S i | OO N G
..................... & [ | P S . . PP14
........ I..S. ... .....D. ... e 6P e Koo QL . SE17
. B Il G . F oot oo e S e e e e e e e RV .. ... Iowa 683
e e e e V. . F . oo N. ... ........ ST . . e e e FQ.Y . . Holte
.S LR C.L..G. .S, LN.D. ... . i it et i K. .... E. VY. . POIMK
.S .R. e < O T T O T K..... E.Y...P Gray
. AL . I L EGG.VG-EN.T..... L MQ....K...KTTI.Y--- De-072
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................................ TNS . .. .. .....YI.......R..5. GA92
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GN.G.V. Fw. L....... I..H...... vVe.. ... HF .. ....... A.AG IK
GN.G.V. ... .FW. . ,......... I..H. .. ... vVQ.. ... ... HF .. ....... V. AG Gray
.NQA . . I . V. GVTI.Q.A FASAI-.I KQGV A S 4 FY ... ... -GGT . H De-072
SCPLTGLIPQGYIRIAAMKSGST--PSDLFYNLT-VSVTKYPKFRSLQCVNNQTSVYLNG Majority
-..I .1 . HS vVs. K- - - - R... ... -...N LTLOKLOF oL F.o...... F1-18288
WL LA S .. H..AM-_.GH. .. ... L S ) 2 GA-92
Y. oo SN NG.-G. ... ..... L e Cv-56b
Y. S o000 N. .o NG.-G. ... ..... L - CV-1686
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Y.S ... P L NG G. ... .. L Cv-9437
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........ S i i e e H L URT e UGH L m e e e e e e e e e e H o AR 99
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......... LS N ¥ S T - O O T <
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N .o F.QS. ... ... R..CNN-A.CTI..... -L D SE17
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L. oo K.Q...... R.V-NS-~-RLH...... e e e e e O IMK
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Fig. 4. Amino acid sequence of the S1 glycoprotein region showing differences from the consensus for each of the virus strains listed.
Dashes were introduced to align the sequences. Dots indicate amino acids that match the consensus exactly.
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DLVFTSNETEDVSGAGVHFKAGGPITYKVMREVKALAYFVNGTAQDVILCDGSPRGLLAC Majority

499 Y. ... T TS Y- - LS e G. ... G . v i v i F1-18288
535 . ... ... Y VA...... S ... AL ... G........ PH...... DT...... F GA-92
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3 T Mass 41
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532 S PR S S IMK

T 2 S Gray
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QYNTGNFSDGFYPFTNSSIVKDKFIV-YRENSVNTTLTLTNFTFSNESGAPPNTGGVDS-FMajority

673 . . . e L..Q....H....I....K.H.,..H..T..N..L...QN-TFt-18288
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Fig. 4. (Continued)
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37
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Mass 41

Ark 99

Fig. 4. (Continued)
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542-546) conforming to the sequence pattern X;-Arg-
X,-Arg-Arg. Strains Ark 99, CU-T2, GA-92, SE17
had the sequence His-Arg-Ser-Arg-Arg, whereas Ark
DPI, Gray, JMK, Conn, and FL-18288 had the
sequence  Arg-Arg-Ser-Arg-Arg  (34).  Strains
Beaudette, Mass 41, and 1013 had the sequence
Arg-Arg-Phe-Arg-Arg, whereas CV-56b, CV-9437
and CV-1686 had the sequence His-Arg-Phe-Arg-Arg
(6).

Table 2. S1 amino acid sequence alignment pair distances

Fla. Strain and Variant IBV S1 Sequence 81

38
Majority

F1-18238
GA-92
Cv-56b
(v-1686
1013
Cv-9437
Beaudette
Mass 41
Conn
Ark 99
Ark DPI
-1
PP14
SE17
Iowa 603
Holte
IMK

Gray
De-072

Discussion

Because of variant RFLP patterns using the RT-PCR/
RFLP diagnostic test for IBV, GA-92, CV-56b, CV-
9437, CV-1686, 1013 were selected for further
characterization. The S1 gene nucleotide and pre-
dicted amino acid sequences of FL-18288 strain, GA-
92, CV-56b, CV-9437, CV-1686, 1013 were deter-
mined, and compared with other IBV sequences.

Percent Similarity

1 2 3 4 5 6 7 8 9
71.7 73.8 73.8 725 73.8 879 89.8 949
72.1 725 78.1 721 732 715 712
97.6 779 98.0 739 734 739
Hl 782 993 739 73.0 739
23.1 719 747 741 722
0.7 73.7 73.0 739
28.4 949 88.7
29.8 90.1
28.0
244
25.4
25.4
26.7
28.8
26.4
28.1
28.9

10
74.7
92.8
76.6
77.1
83.1
76.8
76.2
75.0
74.1
|

4.2
4.2

7.2
20.2
23.7
233
232
235
78.6

10

31.2
28.2
28.5
29.8
28.5
11.1
9.7
3.0
26.8
254
27.8
26.5
23.8
24.1
28.2
23.8

31.6
31.1
24.2
31.6
30.4
33.0
322
7.6
9.0
92
11.8
26.2
29.4
29.6
27.6
23.8 284 29.4 28.6 253 289 229 242 250
744 87.0 843 84.8 82.7 84.8 729 73.0 722
1 2 3 4 5 6 7 8 9

24
23.6
2.1
28.4
29.5
27.7
252
26.1
26.2
27.7
29.1
26.7
28.9
29.1

23.6
28.2
29.1
30.4
17.6
17.4
17.9
21.7
242
23.2
26.4
24.7

28.6
29.8
28.0
24.9
259
259
272
29.1
26.7
28.4
29.1

53
11.1
26.1
24.7
27.1
26.3
242
25.0
31.2
23.7

oAU AW N -

9.6
27.7
26.3
29.0
27.1
24.8
25.8
30.2
242

27.9
26.7
28.7
26.7
245
25.0
29.2
25.0

—
—

kot
ORI RWN

11
76.4
91.0
76.6
77.1
84.0
76.8
719
76.7
75.7
95.4
|

5.7

8.4
19.7
23.6
233
20.2
21.9
76.9

11

12 13 14 15 16 17 18 19
745 757 714 712 747 714 774 460 1 FL-18288
90.1 88.6 773 75.1 73.6 757 753 41.1 2 GA-92
75.8 755 745 762 734 740 740 434 3  CV-56b
764 762 7477 764 73.8 742 745 434 4  CV-1686
829 80.7 788 79.6 762 71.7 715 433 5 1013
76.0 75.8 745 762 73.6 740 744 432 6  CV-9437
76.2 76.7 782 77.7 739 78.6 792 463 7  Beaudette
749 762 778 77.1 745 782 782 469 8  Mass 4l
74.1 75.7 717.0 76.7 743 76.7 76.7 465 9  Conn
947 92.6 81.8 79.2 78.0 78.8 788 440 10 Ark 99
939 92.1 827 79.8 78.8 81.8 80.7 452 11 Ark DP1
Hl 923 81.6 794 784 788 788 44.6 12 CU-T2
7.6 HEE 80.7 785 769 794 794 439 13 PPl4
205 224 HE 81.1 76.6 84.0 842 447 14 SEIl7
234 254 219 WM 779 79.7 799 448 15 Iowa 609
238 258 264 245 HE 762 760 448 16 Holte
232 234 174 229 272 EE 982 440 17 JMK
235 237 17.1 229 275 19 EE 440 18 Gray
79.1 80.9 799 79.6 78.6 82.7 822 HE 19 De-072
12 13 14 15 16 17 18 19
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Table 3. Infectious bronchitis virus S1 subunit variation at the same amino acid in strains representing three

different serotypes

IBV serotype Amino acid 91*

Amino acid 125

Amino acid 392

Mass 41 ALA (nonpolar)
Conn GLY (nonpolar)
FL-18288 ASN (uncharged polar)

MET (nonpolar)
SER (uncharged polar)
ILE (nonpolar)

ASP (uncharged polar)
LYS (charged polar)
ILE (nonpolar)

*Amino acid numbering is in reference to Mass41 and includes the signal sequence.

Although GA-92 has a unique RFLP pattern, it is
serologically related to the Arkansas serotype (23).
Consistent with serologic data, we determined that
the S1 glycoprotein sequence was 92.8% similar to
the Ark 99 strain.

Initial characterization of isolates from California
obtained from poultry between 1984 and 1993
(including CV-56b) indicated these variant strains
(designated California variants) were serologically
distinct from other IBV serotypes (23,24). The
epidemiology of California variants is unknown. It
is unlikely that these California variants originated
directly from a live vaccine virus because the S1
glycoprotein sequences are not closely related to other
IBV strains. Recombination of genomic RNA also is
unlikely because no crossover sites were observed in
the S1 gene. We observed a genetic drift from CV-56b
(1991) to CV-9437 (1995) and CV-1686 (1995) with
98.0% and 97.6% similarity, respectively. Based on
RFLP patterns and sequence analysis, we predict that
CV-9437 and CV-1686 are serologically similar to
other California variants represented by CV-56b.
Another isolate from California, 1013, has a unique
RFLP pattern, and the S1 glycoprotein sequence was
more similar to Ark DPI (84.0%) than CV-56b
(77.9%). Isolate 1013 may represent a new serotype
or may belong to an existing serotype, such as the Ark
serotype.

Following alignment of these newly reported S1
glycoprotein sequences with those previously pub-
lished from other IBV strains, regions of sequence
variation were detected between residues 59-96, 115—
149, 255-309, and 378-395. Amino acid variations
between 59-96 and 115-149 reported herein were
similar to HVR 1 (residues 56-69) and HVR 1II
(residues 117-131) of Mass and European strains as
well as residues 53—148 in strains isolated from the
United States (15,17). These variable regions were
also similar to regions I (residues 38-67) and II
(residues 97-141) associated with two separate virus-

neutralizing, conformationally dependent epitopes
(20). It appears that regions between residues 59-96
and 115-149 of the S1 glycoproteins reported in this
study, may also be involved with epitopes that induce
virus-neutralizing and serotype specific antibodies.

Two other regions of S1 glycoprotein variation
were also observed. The first region between residues
255-309 corresponds to a previously reported
hypervariable region (18,19), and the second domain
between amino acids 378—395 has not been previously
reported. Amino acid variation between residues 255—
309 and 378-395 are similar to region III (274-387)
associated with one virus-neutralizing epitope in
European strains using monoclonal antibody resistant
(MAR) mutants (20). In another study, MAR mutants
of the Ark DPI strain had substitutions at Thr 304 and
Arg 386 (Thr 306 and Arg 388 in this multiple
alignment) of the S1 protein and were associated with
one serotype-specific, virus-neutralizing epitope (21).
During this investigation, amino acids surrounding
306 and 388 were identified as hypervariable. This
suggests that sequences of the S1 glycoprotein
between 255-309 and 378-395 may be important in
forming serotype-specific, confirmationally depen-
dent epitopes.

FL-18288 was 95.8% and 89.4% similar to Conn
and Mass 41, respectively. This demonstrates that the
S1 subunit may vary by a few amino acids giving rise
to different serotypes. Amino acid variation in all
three serotypes were observed at amino acids 91, 125,
and 392. Amino acids 91 and 125 are within regions
of variation, I and II, respectively. These regions are
associated with two separate virus-neutralizing,
conformationally dependent epitopes (20). Amino
acid 392 is within region III that is associated with one
virus-neutralizing, serotype-specific epitope.

Amino acid substitutions in the cleavage site
among various IBV strains was detected during
these studies. As reported previously, the cleavage
site sequence for Beaudette and Mass 41 strains in



Arg-Arg-Phe-Arg-Arg (6,17), whereas Gray and JMK
strains have Arg-Arg-Ser-Arg-Arg (34). In this study,
differences were detected giving a cleavage site
sequence of X1-Arg-X2-Arg-Arg. Herein X1 repre-
sents His or Arg and X2 represents Ser or Phe. The
importance of these variations in the cleavage
sequence to virulence is currently not known.

In summary, we observed S1 glycoprotein varia-
tions similar to others (residues 55-96, 115-149, and
255-309). However, a newly defined region of
variation between amino acids 378-395 may interact
with residues between 255-309 to form one con-
formationally dependent epitope with virus-
neutralizing and serotype specificity. In addition, the
S1 subunit may vary by 8% and remain the same
serotype, whereas, a variation of only 4.2% may also
change the serotype because of critical amino acid
substitutions in the S1 glycoprotein. These data also
demonstrate that variant IBV strains can circulate
among poultry in geographically isolated areas.
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