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Abstract

A 1.78kb sequence, including the E, M, 5a and 5b genes, and the intergenic region between the M and 5a genes, of six US strains of
infectious bronchitis (corona)virus (IBV) were sequenced and compared to the published sequences for two additional strains. The overall
identities as determined through pairwise analyses of nucleotide sequences of the entire 1.78 kb region ranged from 90 to 99%, with the 5b
open reading frame (ORF) having the greatest identity (94—99%) while the identities of the E, 5a and M ORFs ranged from 87 to 100%.
Nucleotide sequencing of recent field isolates from Alabama (Alal) and California (Cal3) revealed distinct shifts in homology in the M gene,
indicating two apparent recombination events between the Holland 52/Mass41-like strain and an Ark-like strain, both origins of commonly
used vaccine strains. Putative sites of recombination could also be identified in both the E and M ORFs of laboratory strains of IBV.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction 1937; Winterfield and Hitchner, 1962; Cumming, 1963;
Darbyshire et al.,, 1978; Johnson and Marquardt, 1976;
Infectious bronchitis virus (IBV) is a linear, positive-sense Sutou et al., 1988 The pathogenesis and genome arrange-
RNA coronavirus that is responsible for recurring economic ment of IBV are similar to the recently described severe
losses to the poultry industry. First describedSphalk and acute respiratory syndrome coronavirus or SCdeifis
Hawn (1931)as a “gasping disease” of baby chicks, the et al., 2003; Drosten et al., 2003; Ksiazek et al., 2003;
clinical signs of IBV infection include respiratory manifes- Marra et al., 2003; Rota et al., 2003
tations, such as tracheal rales and coughing, diarrhea, egg The RNA genome of IBV is about 27.6 kilobases (kb)
loss and nephritisBeaudette and Hudson, 1937; Winterfield in length Boursnell et al., 1987 IBV, like other coro-
and Hitchner, 1962; Crinion and Hofstad, 1972; Gilchrist, naviruses, has a unique discontinuous transcription which
1963; Cumming, 1963; Julian and Willis, 196®ifferent forms a nested set of genomic and subgenomic mMRNAs with
strains of the virus may cause distinct illness. The Gray common 3termini with the smaller mRNAs. The &nd of
and Holte strains, for example, have been shown to causeeach RNA contains the leader sequence found only in‘the 5
both nephrogenic and respiratory diseadénterfield and unigue untranslated region of the genori8pdan et al., 1983
Hitchner, 1962, whereas the Mass41l and Ark99 strains Lai et al., 1984 Stern and Kennedy, 1990a,6orbalenya,
cause primarily respiratory diseag&e@udette and Hudson, 2001). Due to the economic importance of IBV for much
of the last 72 years, an accumulated wealth of genetic IBV
mspondmg author. Tels1-409-845-4122: variants with distinct serotypes apd pathotypes are avajlgble.
fax: +1-409-862-1088. Four major structural proteins make up the virion
E-mail addressecollisson@cvm.tamu.edu (E.W. Collisson). of IBV and SCoV, the glycosylated spike (S) protein,
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post-translationally cleaved in IBV but not SCoV, the hy- Delmarva Peninsula (Ark DPI), Gray, and Holl52). In addi-
drophobic envelope or small membrane (E) protein, the tion, the E, M, 5a, and 5b genes of one field isolate from Al-
membrane (M) protein, glycosylated at the amino termini, abama (Alal) and most of the M gene of two additional field
and the phosphorylated nucleocapsid (N) protein, associatedsolates from California (Cal2 and Cal3) were sequenced
with the viral RNA (Collisson et al., 1992; Cavanagh and and analyzed. Apparent recombinations in the genome of
Nagi, 1997. A lipid bilayer membrane formed by budding two recent IBV field isolates are described.
from intracellular membranes surrounds the nucleocapsid.
The genome of the Beaudette (Beau) strain of IBV was
the first coronavirus genome completely sequen&idns
et al., 1985 Boursnell et al., 1984, 1985a,Boursnell and
Brown, 1984 Brown et al., 198% The conserved and vari-

able regions of the S and N genes andr@ranslated region The Gray strain of IBV was obtained from Dr. R.W. Win-
from a number of US strains of IBV have been identified, terfield at Purdue University, and the Arkansas DPI strain of
as well as potential recombination sites within the S pro- |gv was obtained from Dr. J.K. Rosenberger at the Univer-
tein (Binns et al., 1986a;Miesters et al., 19868oursnell sty of Delaware. Dr. Fred Hoerr kindly provided a field iso-
etal., 1985pWilliams et al., 1992, 1993Nang etal., 1993,  |ate (99 06426 P-3, referred to in this manuscript as Alal);
1994 Kwon and Jackwood, 1993ia et al., 1995Gelb  pr, peter Woolcock provided two field isolates used in this

et al., 1997 Keeler et al., 1998Callison et al., 1999Nix  stydy (F9601491, referred to as Cal2, and F9700100, as
et al., 2000 Kingham et al., 200D However, comparisons  ca|3).

of genomic sequences between the S and N genes on the
IBV genome have not been examined with most US strains. 2 2. RT-PCR amplification
Only the nucleotide sequences of the Masddiggters et al.,

2. Materials and methods

2.1. Viral stocks

1986b; Cavanagh and Davis, 1988; Liu et al., 198ad Virus was propagated in embryonating chicken eggs
Holl52 (Cavanagh and Davis, 198& and M genes have (Wililams et al., 1992 The protocol described by
been reported. Burleson et al. (1992as used to extract RNA. Reverse

As early as 1988, Cavanagh and Davis postulated thattranscriptase-polymerase chain reaction (RT-PCR) was
IBV recombination could have occurred between two Dutch performed, using the protocol for the SuperScript Pream-
strains. Sequence analysis of a portion of the S1 and M gene9lification System for First Strand cDNA Synthesis from
indicated that one recombinant could have the M gene of GibcoBRL (Rockville, MD). Primers were made in the
one parent strain and the S1 gene of the otigavanagh DNA Core Facility, Department of Pathobiology, College
and Davis, 1988; Niesters et al., 1988€usters etal. (1989,  of Veterinary Medicine, Texas A&M University (Dr. James
1990) and Zwaagstra et al. (1992)sed phylogenetic trees  Derr, Director, College Station, TXYable 1shows the se-
to illustrate that some strains may have evolved by recom- quences of the primers that were used for PCR amplification
bination. Cavanagh et al. (199GJemonstrated that a Por- and sequencing. In addition, primer D1, complementary to
tuguese isolate was a recombinant, and that part of the Sithe sequence of th€ 8nd of the genome, was used for the
gene of this isolate was very similar to that of the vaccine RT reactions. A 1-p.g RNA sample was mixed with 2 mM
strain H120.Wang et al. (1993jound evidence of natural  primer in DEPC-treated water and incubated for 10 min at
recombination in the S1 gene of field isolates of IBV from 70°C. After a 1 min incubation on ice, the RNA-primer
Texas, concluding that vaccine strains may be involved in mixtures were mixed with 10 PCR buffer, 25 mM MgGj,
recombination of IBV and that recombination occurred in 10mM dNTP mix, and 0.1 M dithiothreitol (DTT). This
nature. Later studies byang et al. (1994foncluded that  mixture was incubated for 5min at 42. SuperScript Il
shifts in homology, as well as point mutations within the reverse transcriptase (RT) was added to each tube, and this
S1 gene were common and contribute to the evolution of mixture was incubated at 4Z for 50 min. The reaction
IBV. Jia et al. (1995¥)equenced the isolate CU-T2 and ob- was terminated first by incubating at 70 for 15 min and
served recombination events between three different IBV then by chilling on ice. RNase H was added, and the reac-
strains within the S2 gene and the N gene with evidence thattions were incubated for 20 min at 3Z. The first strand
the Holl52 vaccine strain N contributed to half that gene in complementary DNA (cDNA) was either used immediately
CU-T2. Recombination continues to be identified in recent for PCR amplification or stored at20°C.
isolates from the United States and Southeast Aste @nd Target cDNA was amplified by PCR, using the Su-
Jackwood, 2000a,b, 200Yu et al., 200). However, to our perScript Preamplification System for First Strand cDNA
knowledge, recombination within the M gene has not been Synthesis from GibcoBRL (Rockville, MD). The following
previously reported from a field isolate. reaction was mixed in PCR tubes: 4@CR buffer, 25 mM

This report compares the genomic sequences from’the 5 MgCl,, 10 mM dNTP mix, 10 mM forward and reverse am-
end of the E gene through thééhd of the 5b gene of eight  plification primers, Tag DNA polymerase, cDNA, and au-
strains of IBV. Six of these were completely sequenced in toclaved, distilled water. PCR amplification was performed
this region for the first time (Mass41, lowa, Conn, Arkansas at 94°C for 3 min, then 30 cycles of 9% for 1 min, 50°C
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Table 1

Primers used for PCR amplification of fragments of infectious bronchitis virus to sequence the region from the E gene through the 5b gene
Primer Sequence Sense Position

El ACTATTGTTATTACAGAGGA Positive 24,141-24,160
E2 TGCATAGCCATACTG Negative 24,613-24,627
M1 CTTAACAATCCGGAATTAGAA Positive 24,420-24,440
M2 TTTCCTAAGAACGGTTGGAATA Positive 24,459-24,480
M3 ACTCTTTAAGCGGTGTAGGTC Positive 24,810-24,830
M4 GGCACAAAAGAGTGGAAAAACTG Negative 6,479-6,499
M5 CTGTCTTTCCAGTTGCCTTACC Negative 25,882-25,903
M6 TCCCGCGTGTACCTCTCTAGTA Positive 25,801-25,822
D1 GGATCCGCTCTAACTCTATACTAGCCTA Negative 27,580-27,608

Primers are written 5'-3’. All primer positions are in relationship to primer locations in the Beaudette genome except primer M4, which is within a
deleted region of the Beau genome. The position of primer M4 is relative to the start codon of the S gene of strain KB8523.

for 30s, and 72°C for 1 min, followed by a 3min period  Ark DPI M, AF286181; Holl52 M, AF286185; Conn M,

at 72°C. Samples of the PCR products were run on a 1% AF286182; lowa M, AF286183; Gray intergenic through

agarose gel to identify cDNA products. 5b, AF469011; Mass41 intergenic through 5b, AF469015;

Ark DPI intergenic through 5b, AF469012; Holl52 in-

tergenic through 5b, AF469016; Conn intergenic through

5b, AF469013; lowa intergenic through 5b, AF469014;
The cDNA samples were purified with the QIAquick PCR Alabama 1 E, AF470627; Alabama 1 M, AF470628; Al-

Purification Kit from Qiagen (Santa Clarita, CA). PCR prod- abama 1 5a and Sb, AF470626; California 2 M, AF470629;

ucts were directly sequenced or were sequenced after clonind-alifornia 3 M, AF470630.

into the pCR 2.1 plasmid from the TOPO TA Cloning Kit

(Invitrogen, Carlsbad, CA). Sequencing was performed us-

ing the ABI PRISM dRhodamine Terminator Cycle Se- 3. Results

quencing Kit (Applied Biosystems, Foster City, CA). Se-

quencing PCR reactions were performed for 25 cycles, with  The nucleotide sequences of a region extending from the

10s at 96C, 5s at 50C, and 4min at 60C. Residual  E gene through the 5b gene of six US strains of IBV (Gray,

primers were removed from these samples by ethanol precip-Mass41, Ark DPI, Holl52, Conn, and lowa) and putative

itation or Bio-Rad Micro Bio-Spin chromatography columns  amino acid sequences were determined and compared with

(Hercules, CA). The products of these reactions were senteach other and the published sequences of the Beaudette

to the DNA Core Facility, Department of Pathobiology, Col- (Boursnell et al., 1987and KB8523 Sutou et al., 1988

lege of Veterinary Medicine, Texas A&M University (Col-  strains. The E, M, 5a, and 5b genes were sequenced for one

lege Station, TX) for dideoxy sequence analysis. Each re- new field isolate (Alal). In addition, the M genes of two new

gion was sequenced at least twice from at least two PCRfield isolates from California were sequenced. This region

2.3. Nucleotide sequencing

products from different RT reactions. represented a 1780 nucleotide sequence from the KB8523
strain genomegutou et al., 1988 but was shorter in the
2.4. Computer analysis Beaudette strainBoursnell et al., 1987and in the lowa

strain due to lengthy deletions. The remaining five strains

Computer analysis of the sequences was performed usinghad about the same number of nucleotides as the KB8523
the CLUSTLW, SIXFRAME, and DRAWGRAM programs, ~ strain. The longest sequence of complete conservation was
all from Biology Workbench 5.2 (San Diego Supercomputer @ stretch of 38 identical bases near tHeehd of the M
Center, University of California, San Diego, CA, 2000). gene. For each strain examined, the intergenic (IG) consen-
GenBank submissions were made with the Banklt software sus sequence CTTAACAA, found at positions 78 through
program through the National Center for Biotechnology 85 upstream from the start codon of the M gene, positions

Information (NCBI), US National Library of Medicine 9 through 16 upstream from the start codon of the 5a gene,
(Bethesda, MD). and positions 96 through 103 upstream from the N gene,

was identical and in the same positions in the previously

2.5. GenBank accession numbers published strains.

GenBank accession numbers for the genes submitted3.1. Pairwise sequence homologies
through this study included: Gray E, AF318282; Ark DPI E,
AF317209; Holl52 E, AF317210; Conn E, AF317471; lowa Pairwise nucleotide sequence homologies in the E gene
E, AF467921; Gray M, AF286180; Mass41 M, AF286184; through 5b region of the various strains ranged from 90 to
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Fig. 1. Phylogenetic trees comparing Alal, DEQ72, and eight other strains of infectious bronchitis virus. (A) E gene; (B) M gene; (C) 5a gene; D) 5b gen

99% (data not shown). Overall, the 5b ORF, with 94-99% 3.3. Shifts in homology

identity among strains, was the most conserved region and

the least conserved E ORF, had 87-99% nucleotide sequence Analysis of the region from the E gene through theidd
homology. In the 5a gene, the nucleotide sequences of theof the 5b region located the shifts in homology or potential
Ark DPI and Conn strains were 100% identical and 97% recombination sites in the E and M gen&gy( 2), while the
identical to those of the Gray strain. The intergenic region remainder of the 1.78 kb sequence did not appear to have any
between the M gene and the 5a gene was much more vari-

able with an overall identity of only 74%. In addition, the

Beaudette strain had a large deletion in this region, andE 330 Massdl, Beau,

the nucleotide sequences for the Ark DPI, Conn, and GrayI | B

strains were 97% identical. I iccDEe e E T’L:::’I:id:;';;
Pairwise putative amino acid identities for each individual 170 M Hoisz
putative protein ranged from a low of 79% identity for the KB8523 ———
E, between the Gray and Holl52 strains and between the D e BE Grylike
Conn and Holl52 strains, to 100% identity for M, between 2 70 170 260 lowa-like
the Mass41 and Holl52 strains, and for the 5a gene, betweerd IEEE BN Z22Y o
the Conn and Ark DPI strains. 1 100 200 300 400 500
M 675
| | Mass41, Beau

3.2. Phylogenetic trees

strain DEO72, and the field isolate Alal are illustrated in l

phylogenetic trees for the E, M, 5a, and 5b gerfég.(1).

The trees for all four genes indicated that Gray, Ark DPI,

I < DPI. Conn
The sequence relationships of these eight strains of 1BV, 250

[T Hons2

210 440

[ ] Knss23

210 370 510

and Conn cluster together. The E gene of the recent Alal SSSSNNSNSSNSNETTTTTTINSONSSNETEEE fow
isolate clustered with Beau, Holl52, and Mass#&ig( 1A)

and the M gene of Alal was also grouped closely with

Holl52 (Fig. 1B). However, in the 5a and 5b tredsig. 1C

and D), Alal sequences were placed in a cluster with Conn, ]
Ark DPI, and Gray. The inconsistencies in the clustering ob-
served among the individual trees of each gene suggeste

shifts in sequencing homology.

140

T

75 2509

50 2509

|

Fig. 2. Shifts in homology in the M gene of infectious bronchitis virus.

Recent Isolates

Cal3
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Table 2 ent recombination events within the M gene. The first re-
Percentage identities of sequences within the M genes of Alal and Cal3 combination occurred between nucleotide 60 and nucleotide
Nucleotide location ArkDPI Mass41 Holls2 70 of the M gene, shifting from a Mass41, Holl52, KB8523,
Alal or Beau-like sequence to a sequence perfectly identical to
1-60 64 100 98 Ark DPI and Conn. Another apparent recombination event
61-215 99 90 89 occurred between nucleotide 150 and nucleotide 215 of the
216-678 94 95 99 M gene and thereafter, the Alal nucleotide sequence most
cal3 closely resembled the Holl52 strain.
1-59 69 93 91 Wang et al. (1993noted that the sequence CTT(A/T)
60-225 96 90 89 (AIT)G was located near every putative junction where ho-
226-600 91 93 93

mology shifts were found. The sequence CTTTTG was iden-
tified between bases 171 and 176 of the M gefig.(3).
] ] This site is in the middle of a 60-nucleotide region of 100%
obvious changes in homology. The E genes of the Mass41,jgentity, including the Alal isolate. In addition, the second
Holl52, and Beau strains were very similar in nucleotide apnarent recombination event in the Alal isolate occurred
sequenceHig. 2). The lowa strain was similar to Mass41, ithin this region of total homology. The nucleotide se-
Holl52, and Beau for most of the’ &nd and the ‘3end of quences of the 5a and 5b genes for Alal were 99% iden-
the E gene, but the middle region was closer to that of the tjca| to those of Conn and Ark DPI and only 93 and 96%
KB8523 strain. The lowa E gene contained a deletion from jgentical to the respective genes for Holl52, indicating that
bases 276 through 301. The entire E gene of the Ark DPI gnother recombination event may have occurred within the
and Conn strains were very close. The Gray strain E genejntergenic region between the M gene and the 5a gene.
was unlike that of the other strains except for three small Overall, the nucleotide sequence of the M for the recent
regions of approximately 50, 80, and 70 nucleotides that jsp|ate Cal2 was similar to that of the Gray strain (data not
were similar to Ark DPI and Conn. shown). However, the Cal3 isolate had putative sites of re-
The nucleotide sequences of the M gene for Mass41 andcompination in the M gene. From nucleotide 170 of the E
Beaudette were clustered togethieig( 2), whereas the Ark gene through nucleotide 50 of the M gene, the Cal3 nu-
DPI and Conn nucleotide sequences were nearly identical tog|eotide sequence was similar to that of the Mass41, Holl52,
each other. Although the &nd of the Gray M gene differed  KBg523 and Beau group. However, from approximately nu-
from the other strains, the/ @nd was quite similar to that  jeptide 60 of the M gene through 250 of the M gene, the
of Ark DPI and Conn and in contrast, theénd of Holl52  c413 sequence was similar to that of Ark DPI. From about
was similar to that of Mass41, KB8523, and Beau, while 550 the Cal3 then resembled the M gene of Mass41 and

the 3 end differed from all the other strains. The middle geay. Thus, Cal3 had two apparent recombination events
regions of the M represented shifts in homology or potential \yithin the M gene.

recombination in the Gray and KB8523. Putative sites of
recombination were also identified at theeBid of the lowa

strain M gene. Only 46% of the’ 50 bases of the M gene 4 piscussion
were conserved. This region encodes the amino acids of M

that lie external to the virion envelope. This is the first report of nucleotide sequence compar-
isons, representing the E through the 5b region of the IBV
3.4. Analysis of field isolates genome. The comparisons of sequences from eight strains

of IBV showed abrupt shifts in homology that suggested

When the E, M, 5a, and 5b genes for the 1999 Alal iso- recombination had occurred in several locations within this
late were sequenced and compared with the other genomesegion.Williams et al. (1992, 1993 nalyzed the nucleocap-
(Table 2, shifts in homology were obvious. The nucleotide sid gene sequences and the8n-coding regions and found
sequence of the E gene of this isolate was similar to thosethat the five strains that they analyzed (Mass41, Beaudette,
of Mass41, Holl52, and Beau. The M gene appeared to haveKB8523, Ark99, and Gray strains) had a percent nucleotide
originated from at least two distinct parental straiRig)( 2). identity ranging from 93.2 (between the Ark99 and KB8523
The first approximately 75 base sequence of the Alal M genestrains) to 99.1 (between the Beaudette and Mass41 strains)
was similar to Mass41, Holl52, KB8523, and Beau, but from for the 3 non-coding region. The similarities of the amino
nucleotide 80 through 140 was identical to the M sequencesacid sequences of the nucleocapsid proteins of those five
of Ark DPI and Conn. A region of approximately 600 nu- strains ranged from 90.7 to 96.3% and the Gray strain
cleotides from nucleotide 150 to thé énd and into the in-  showed the least overall similarity to the other strains.
tergenic region downstream of the M, was nearly identical Wang et al. (1994)produced a phylogenetic tree that
with Holl52. However, the 5a gene and most of the 5b gene showed the relationships of 25 different IBV strains and field
for Alal were again identical to Conn and Ark DPI. These isolates based on their S1 amino acid sequences. These were
comparisons with the Alal sequences identified two appar- divided into five genotypic groups based on the homologies
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Ark DPI ATGATG---G AAA---ATTG CACACTTAAC TTAGAGCAGG CAACTCTGCT
Holl52 ...TCCAAC. ...CAA.... T..T...G.. ..T..A...T ..GT.GA...
Alal ...TCCAAC. .G.CAA.... T..T...G.. ..T..A...T ..GT.GA...
Cal3 ...TCCAAC. CGGCAA.... ...T...G.. .GT..A...T ..GT.GA...
Ark DPI TTTTAAAGAA TATAATTTAT TTATAACCGC ATTCCTATTG TTTCTTACTA
Holl52 ......... < Tev eunn T.G ..CT.A..C.
Alal ... G it iieiittee creerataes tesesseate eaeaesenan
Cal3 ... e
Ark DPI TACTACTTCA GTATGGGTAC GCAACTAGGA GTCGGTTTAT TTATATACTG
Holl52 B e T..T CVALLAL LLAliiiie v T
Alal 0 L iiiieeies ceecseests cevesesces cecessescs cseeevs A..
Cal3 iiieeeeee e A..T ..... Avver v N.... C...A..
Ark DPI AAAATGATAG TGTTATGGTG CTTTTGGCCC CTTAACATTG CAGTAGGTGT
2 £ 0 Y
Alal i e it et eieeeeae eteeeaeae eeaseaeeas eeeeeaaaan
L= T
Ark DPI AATTTCATGT ATATATCCAC CAAATACAGG AGGTCTTGTC GCAGCGATAA
HOLL52  tiiuniennn aunnn Covee venn Gttt e
Alal e e Covee ennn Cetere et e
L0 5 A..
Ark DPI TACTTACTGT GTTTGCTTGT CTTTCTTTTG TAGGTTATTG GATTCAGAGT
HOll52 tiiiienene aeen.. e Y R
Alal  ceiieeieee e Govt vivnnnnn T ceeennnn Y R
Cal3 ....... A.. .G....G... .. Govvnnnn N
Ark DPI TGTAGACTCT TTAAAAGGTG TAGGTCTTGG TGGTCTTTTA ACCCCGAGTC
Holl52 AT........ L..GCL... ... Aviiene vennn A.... ....A..A..
alal AT........ GC.... ... Acciinn ciann A.... A..a
Cal3 NTC...wuw. GC..G. .G..CAA. G.A.. R
Ark DPI TAATGCCGTA GGTTCAATAC TCCTCACAAA TGGTCAACAA TGTAATTTTG
Holl52 Gttt i e BAuiTer tiiiiiinn ciieeaa
Alal B BAuiTer teeiinennn tevennnens
Cal3d e e e AT Tt teevinennn tevennnnns
Ark DPI CTATAGAGAG TGTGCCTATG GTGCTTGCTC CAATTATAAA GAACGGTGTC
HOl152  tiiuiinenn wennnn L T. Tovirnnnn Toown. T
Alal  iiiieeieee e Govr tivnneennn Tovernnnn Too... T
Cal3 e e Acce cennnn Tovr veenennens T..A..T
Ark DPI CTTTATTGTG AGGGTCAGTG GCTTGCTAAA TGTGAACCAG ACCACTTGCC
HOLL52  ttiiiiiins titinnnens caneeeaeee seaeeaee eeeaeeeaa
Alal it eie cetiaeeees cesesaeaes teseesaeee saeeeaaaen
CAl3 i it eeeeeee eeessseser cseavsscsse secseseses eveesevsen
Ark DPI TAAAGACATA TTTGTATGCA CACCGGATAG ACGTAATATC TATCGTATGG
HOll52 = ittt it e S
Alal 0 e ieiie cereaeees eaes -
Cald  ieiiieieee aeen R Covevnnn
Ark DPI TGCAGAAATA CACTGGTGAC CAAAGCGGAA ATAAGAAAAG GGTTGCTACA
HOLL52  ttiiiiiiis teiiieii heeeiaaee e B
Blal i iieeeee ee e heeeiaaeee e B
CAL3 0ttt eieeece sresesenes secsesesvee seesssaves Teveannns
Ark DPI TTTGTCTATG CAAAGCAGTC AGTAGACACT GGCGAGCTAG AAAGTGTACC
HOL152 tiiiivnnnn wennennann Boiiviinne o L G.
Alal  ieieeeeeee eeeeeeeaa Aciiienn. . L G.
Ark DPI AACAGGAGGA AGTAGTCTTT ACACATAA

Holl52 ...... Tovr vren. Cover vevnnnnn

Alal  ...... Tovr enen. Covet ieeennnn

Fig. 3. Nucleotide sequences of the M gene of Ark DPI, Holl52, Alabama 1 (Alal), and California 3 (Cal3).

among the strains. The lowa 609 and Gray strains were intered together and the Ark99 strain was in another group. As
one group; the KB8523, H52, Beaudette, Mass41, and Connwith the present study and thilliams et al. (1992, 1993)
strains were in another; Ark99 strain was in still another studiesWang et al. (1994hoted that the S1 gene of Beau,
group. Like theWilliams et al. (1992, 19933tudies of the Holl52, and Mass41 formed a common group. Combined
nucleocapsid and 3JTR sequences, the phylogenetic trees with the present work, these results indicated a homology
of the genes of the 1.78 kb region clustered Gray and Ark at shift for the Ark, Gray, and lowa strains somewhere in the
one end of the tree, while Beau, Holl52, and Mass41 were region between the S1 gene and the E gene. Moreover, the
placed at the other entiVang et al. (1994)however, found phylogenetic trees in this study suggested that putative re-
that the S1 genes of the lowa and Gray strains were clus-combination occurred to generate the recently isolated Alal
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strain. The tree for the E gene placed Alal in a cluster with Boursnell, M.E.G., Binns, M.M., Brown, T.D.K., 1985a. Sequencing
Beau and Mass41. In the M gene, Alal was grouped with of coronavirus IBV genomic RNA: three open reading frames in

Holl52, whereas in the 5a and 5b genes, Alal was close to t2h2e585 unique’ region of MRNA D. J. Gen. Virol. 66, 2253-
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