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Summary.  - A segment of genomic RNA extending from the 3 '-end of the membrane (M) protein gene to 
the 5'-end of the nucleocapsid (N) protein gene of Turkey coronavirus (TCV) was amplified by reverse 
transcription-polymerase chain reaction (RT-PCR). The primers were derived from the corresponding sequences 
of Infectious bronchitis virus (IBV). The PCR products were cloned and sequenced and their nucleic acid 
structure and similarity to the published sequences of IBV were analyzed. Gene 5 containing two overlapping 
open reading frames (ORFs), 5a and 5b, was localized between M and N genes of TCV. The overall nucleotide 
sequences of the amplified regions from TCV isolates shared 88.4% to 91.8% similarity to the corresponding 
region of IBV strains. The consensus transcription-associated sequence of IBV, CTTAACAA, was highly 
conserved in the TCV genome with regard to nucleotide sequence and location in terms of the initiation 
codons of the genes 5 and N. The similarities between the predicted amino acid sequences of ORFs 5a and 5b 
of TCV isolates and the homologous genes of IBV strains were 85.4% to 94.0%. The results indicate the 
existence of gene 5 in the genome of TCV and a close relatedness of the TCV gene 5 to the IBV gene 5 in 
location and nucleotide sequence. 
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I n t r o d u c t i o n  

Outbreaks o f  turkey enteritis associated with TCV (Turkey 
coronavirus, species  Turkey coronavirus, genus  Coronavirus, 
f a m i l y  Coronaviridae) h a v e  caused serious economical 
losses  in the turkey industry in Indiana, North Carolina and 

"E-mail: tllin@purdue.edu; fax: +1765-4949181. 
Abbreviations: BCV = Bovine coronavirus; cDNA = complementary 
DNA; DEPC = diethylpyrocarbonate; EDTA = ethylenediamine 
tetraacetic acid; FIPV = Feline infectious peritonitis virus; 
HCV = Human coronavirus; IBV = Infectious bronchitis virus; 
M = membrane; MHV = Murine hepatitis virus; N = nucleocapsid; 
ORF = open reading frame; PCR = polymerase chain reaction; 
S = spike; TAS = transcription-associated sequence; RT = reverse 
transcription, reverse transcriptase; TBE = Tris-borate-EDTA; 
TCV = Turkey coronavirus; TGEV = Transmissible gastroenteritis 
virus 

other states in the U S A  f o r  the last several years .  Although 
t h e  e c o n o m i c a l  i m p o r t a n c e  o f  t h i s  d i s e a s e  h a s  b e e n  
recognized for  decades (Nagaraja and Pomeroy, 1997), the 
structure and organization o f  T C V  genome remains poorly 
determined. Nevertheless,  development o f  strategies  to 
prevent, control, and treat the disease  requires in-depth 
understanding o f  the molecular biology o f  TCV. 

Coronaviruses (members o f  the family  Coronaviridae) 
are p leomorphic  enveloped spherical particles surrounded 
b y  a f r inge of  20-nm long club-shaped spikes. The diameter 
o f  a coronaviral particle varies  f rom 5 0  n m  to 150 nm. The 
coronavirus genome i s  a positive single-stranded capped 
R N A  with a polyadenylated 3'-end. 

Complete  sequence  o f  the g e n o m i c  R N A  h a s  b e e n  
determined f o r  I B V  (Infectious bronchitis v i rus,  species 
Infectious bronchitis virus, g e n u s  Coronavirus, f a m i l y  
Coronaviridae) (27,569 nucleotides; Boursnell  etal., 1987), 
Murine hepatitis virus (MHV, species  Murine hepatitis virus, 
genus  Coronavirus) (31,092 nucleotides; Lee  et al., 1991), 
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T a b l e  2. S e q u e n c e  p a i r  d i s tances  f o r  c o d i n g  r e g i o n  o f  O R F  5 a  
a m i n o  a c i d s  o f  t h r e e  T C V  isolates  a n d  t h r e e  I B V  s t r a i n s  

V j r u s c s  Percent idcntity/Perccnt divergence 

540"  5 1 7 b  4 0 4 c  CU d  KB= Bcaud f  

540" - 100.0 88.1 9 4 . 0  9 1 . 0  88.1 
5 1 7 b  0 . 0  - 88.1 9 4 . 0  9 1 . 0  88.1  
4 0 4 '  13.0 13.0 - 88.1 92 .5  88.1 
CU d  6.2 6.2 13.0 _ 9 1 . 0  88.1 
KB= 9 . 6  9 . 6  7 . 9  9 . 6  - 9 1 . 0  
Bcaud f  13.0 13.0 13.0 13.0 9 . 6  _ 

"540 = T C V  isolate f rom Indiana, U S A .  
b 5 1 7  = T C V  isolate f rom Indiana, U S A .  
c 4 0 4  = T C V  isolate f rom Virginia, U S A .  
d CU = CU-T2, a German strain o f  IBV. GenBank A c e .  No. U49858.  
C KB = KB8523,  a Japanese strain o f  IBV. GenBank Acc.  No. M21515.  
Ucaud  = Beaudette, a U S  strain o f  IBV. GenBank A c c .  No. A J 3 1 1 3 1 7 .  

T a b l e  3. S e q u e n c e  p a i r  d i s tances  f o r  c o d i n g  r e g i o n  o f  O R F  S b  
a m i n o  ac ids  o f  t h r e e  T C V  isolates  a n d  t h r e e  I B V  s t r a i n s  

Percent idcntity/Perccnt divergence 

540" 517b 404c 
c u d  

KBC  beaud'  

540* - 98.8 87.8 86.6 85.4 85.4 
517" 1.2 - 89.0 87.8 86.6 86 6 
404c 

13.3 11.9 - 90.5 90.5 88.1 
CU d  14.8 13.3 10.2 - 96.4 94.0 
K B e  16.3 14.8 10.2 3 . 7  - 95.2 
Bcaud f  16.3 14.8 13.0 6.2 4 . 9  _ 

"540 = T C V  isolate f rom Indiana, U S A .  
b 5 1 7  = T C V  isolate f rom Indiana, U S A  
c 4 0 4  = T C V  isolate f r o m  Virginia, U S A .  
d CU = CU-T2, a German strain o f  IBV. GenBank A c c .  No. U49858.  
e K B  = KB8523,  a Japanese strain o f  IBV. GenBank A c c .  No M21515.  
•Beaud = Beaudet te ,  a U S  strain o f  IBV. G e n B a n k  A c c .  N o .  AJ311317 .  

comparison o f  sequence distances f o r  O R F s  5 a  a n d  5 b  is  

summarized  i n  Tables 2 a n d  3 ,  respectively. T h e  similarity 

scores be tween  the  T C V  isolates a n d  I B V  strains wi th in  the  

O R F  5 a  amino  acid sequence  ranged from 88 .1% t o  100%. 

T h e  t w o  Indiana isolates o f  T C V  (540  a n d  517)  shared the  

highest  similarity (100%).  T h e  similarity scores be tween the 

Virginia isolate (404)  o f  T C V  a n d  the  t w o  remaining T C V  

isolates a n d  the  I B V  strains C U  a n d  B e a u d  were  88.1%,  

w h i l e  t ha t  b e t w e e n  t h e  i so la te  4 0 4  a n d  t h e  I B V  s t ra in  

K B 8 5 2 3  w a s  92.5  % .  T h e  similarity scores be tween the  I B V  
strain B e a u d  a n d  the  I B V  strain C U .  

T h e  similarity score  be tween  the  T C V  isolates a n d  I B V  

strains tested wi th in  5 b  a m i n o  ac id  sequence ranged  f r o m  

85 .4% t o  98 .8%.  T h e  t w o  Indiana isolates o f  T C V  (540  a n d  

517)  shared the  highest  similarity (98.8%).  T h e  similarity 

scores  be tween  the  Virginia isolate (404)  o f  T C V  a n d  the  

isolates 5 4 0  a n d  517  w e r e  87 .8% a n d  89.0%,  respectively. 

T h e  lowest similarity w a s  observed be tween the  T C V  isolate 

5 4 0  a n d  I B V  strains K B 8 5 2 3  a n d  B e a u d  (85 .4%) .  T h e  

similarity scores among  I B V  strains ranged from 94.0% (CU-

T 2  a n d  Beaud)  t o  9 6 . 4 %  (CU-T2  a n d  KB8523) .  

Phylogenetic analysis 

T h e  p h y l o g e n e t i c  r e l a t i o n s h i p  a m o n g  n u c l e o t i d e  

sequences in  t he  amplif ied regions o f  T C V  isolates 540 ,517 ,  

a n d  4 0 4  a n d  I B V  strains CU-T2 ,  K B 8 5 2 3 ,  and  B e a u d  is  

shown  in  Fig.  4 .  T h e  phylogenet ic  analysis  indicated that  

t he  T C V  isolates m a y  b e  grouped wi thin  the  s ame  genomic  

l ineage a n d  the  I B V  strains wi th in  a separate cluster. 

Discussion 

T h e  present  s tudy demonstrated the  existence o f  gene  5 

in  T C V  genome.  T h e  location o f  gene  5 be tween  the  3 ' -end  

o f  M gene  a n d  the  5 ' - e n d  o f  N gene  a n d  the  structure o f  

gene  5 containing t w o  over lapping O R F s ,  5 a  a n d  5b ,  w e r e  

consis tent  w i t h  tha t  o f  IBV. I n  addi t ion,  t h e  nuc leo t ide  

sequences o f  t he  ampl i f ied  fragments o f  g e n e  5 wi th in  M 

a n d  N genes  a n d  amino  acid sequences  encoded  b y  O R F s  

5 a  and  5 b  h a d  high similarity t o  the corresponding sequences 

o f  IBV. These  results extend o u r  previous  findings (Akin  et 

al., 2001)  that  t w o  avian coronaviruses,  T C V  a n d  IBV, a re  

h ighly  related genetically a t  t he  N gene  a n d  gene  5 level.  

T h e  presence o f  gene  5 be tween  the  3 ' - e n d  o f  M gene  

a n d  t h e  5 ' - e n d  o f  N g e n e  i s  a u n i q u e  f ea tu r e  o f  a v i a n  

coronaviruses,  T C V  a n d  IBV, a n d  is  n o t  f o u n d  i n  a n y  other  

mammal ian  coronaviruses a s  determined t o  date.  There  i s  

on ly  a small  stretch o f  non-coding nucleotide sequences  

be tween  the  3 ' - e n d  o f  M gene  a n d  the  5 ' - e n d  o f  N gene  o f  

other  coronaviruses:  9 nucleotides f o r  B C V ( G e n B a n k  A c c .  

N o .  AF058943)  a n d  H C V  (GenBank  Acc .  N o .  AF304460) ,  

12 nucleotides f o r  T G E V  (GenBank  Acc .  N o .  AF104420) ,  
12 nucleotides f o r  Fe l ine  infectious peritonitis v i rus  (FIPV, 

species  Feline coronavirus, genus  Coronavirus) (GenBank  

A c c .  N o .  A22378) ,  a n d  14 nucleotides f o r M H V  (GenBank  

Acc .  N o .  J02252).  Th i s  distinct fea ture  o f  g e n o m e  structure 

o f  T C V  implied that T C V  has  a relatively close evolutionary 

relationship w i th  IBV. 

O n e  o f  t h e  c h a r a c t e r i s t i c  f e a t u r e s  o f  c o r o n a v i r u s  

repl icat ion is  t h e  synthesis  o f  a 3 ' -coterminal  nes ted  set  o f  

po lyc i s t ron ic  s u b g e n o m i c  m R N A s  b y  a d i s c o n t i n u o u s  

transcription mechanism.  Several conserved TAS h a v e  been  

i den t i f i ed  f o r  d i f f e r e n t  c o r o n a v i r u s e s  p r o x i m a l  t o  t h e  
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540 C A G T G G C T T G C T  A A G T G T G A A C C  A G  A C  C A C  T T GC C T A A A G  A T  A T  A T T T G T  
517 
404 . . . .  ^ T C .  . . G .  G G T G .  . . C C .  G .  . . .  
CU 
KB C 
Beaud 

540 G T G C  A C  A C C G G A T  A G A C G T  A A T  A T  C T A T C G T  A T G G T G C  A G  A A A T  A C  A C  T G 
517 
404 . .  C . . .  T . . .  -C C .  C .  . Q .  A .  <3. . T 
CU T .  . T .  , C T .  . . . 
KB T G C .  . C C 
Beaud T . . T .  ŕ C T . . . . 

540 G T G A T  C A A A G C G G A A A T  A A G A A A A G  G T  T T G C T A C A T  T T G T  C T A T  GC A A A G 
517 
404 . . . .  C . . .  ' G A 
CU . . . .  C C .  T G 
KB . . . .  C A 
Beaud . . . .  C G 

540 C A G T C A G T  A G A C A C C G G C G A G C T  A G A A A G T G T A G C A A C G T  C T G G A A G T  A G  
517 T 
404 . . .  P T A G G A  
CU T .  . T A G G A .  . G  
KB G T A G G A  
Beaud T .  . T  A G G A  

540 C C T T T  A C A C A T  A A A T  G T  G T  G T  G T  G T  A G A G A G T  A T T T  A A A A T T  A T T  C T T  C A  
517 
404 G 
CU T T .  
KB T T .  
Beaud T T .  

540 A T A G T G C C T C T  A T T  T T A A G  A G  C GC GG A A G  A G T  A T  T T G T  T T T G A G G  A T  A T  T 
517 
404 T 
CU A T .  . T A T  
KB G G T .  . A T  A T  
Beaud . . . .  C G A T  A C .  

540 A A T  A T  A A A T  C C T T T T T GT T T T GC A C T  C T C T T T GC A A G  A G T  T A T T  A T T T  A A 
517 
404 C G 
CU - . C A T  T C 
KB . C C A T  T 
Beaud C A T  C .  . T  C 

540 G C A A C A G T T T T T  C C T T T C T T T T  G T T T  G G A A G A A A G T T  G T T  G T T  A A T  G G T  G 
517 A .  . 
404 G C C .  
CU A A  A C  GC C A .  . A .  C T  
KB A A  A C  G C C A .  . A .  C T  
Beaud . C .  . . . 
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Fig. 2 
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540 T A G A A T T C C A A G T A G A A A A T G G A A A A G T C C A C T -  A C G A A G G A A A T C C A A T  449 
517 449 
404 - C .  . C G .  449 
CU . . A C C .  T T .  . . T  C A .  . . G .  449 
KB . . A C C .  449 
Beaud . T A C  C T T .  . . - C A .  . . G .  400 

540 C T T C C A A A A A G G T T G T T G T A G T T T G T G G T C C G A T T A T A A G A A A G A T T A G A  499 
517 T 499 
404 T .  . T .  . 499 
CU T A A  A 499 
KB 499 
Beaud T j-

G A  A • 445 

540 A T A A T T A A G C C A C C A A C T A C A C T T A T T T T T A A A A A G G G C G T T T T A G C T T A  549 
517 549 
404 T G G .  . . . . A 549 
CU T T .  . G A  T T .  . . 549 
KB T .  . G A  T T .  . . 549 
Beaud T T .  . G A .  . T  C T .  A .  495 

540 T A A A T G  C T T A A C A A  A T A C G G A C G A 5 T  G A A A T G G C T G A C T  A G T T T T G G A A G A  599 
599 517 599 

404 C .  . . A A  599 
CU T 599 
KB C . .  . C .  C 599 
Beaud C .  . . A A  545 

540 G C G G T T G T T T C A T G T T A C A A A G C A C T A C T A T T A A C T C A A C T T A G A G T G T T  649 
517 649 
404 T .  A .  . . A .  . . .  G .  . C .  . T C T .  A 649 
CU . . A .  . . A . . . T C T .  A 649 
KB . . A .  . . A . . . T C T .  A 649 
Beaud . . A .  . . A .  . . .  T .  . . . . T .  . . T .  C 595 

540 A G A T A G G T T A A T T T T A G A T C A C G G A C C A A A A C G C G T T T T A A C G T G T  A G T  A 699 
517 699 
404 . . . . C G .  . . A C  G C .  . 699 
CU C 699 
KB C G .  . . 699 
Beaud T .  C T  645 

540 G G C G A G T G C T T T T G T T T C A G T T A G A T T T A G T T T A T A G G T T G G C G T T T A C G  749 
517 749 
404 A G .  . . .  A G A  A .  A .  . . . 749 
CU C .  C 749 
KB . A .  . . . C .  A G .  G .  . A C A .  . . . 749 
Beaud . . . .  C .  A G .  . . .  A A .  . . . 695 

5h 
540 C C C A C C C A A C C G C T G G T A T  G A A T  A A  A G A T  A A T  C C T T T T  C G C A G A  m 

517 793 
404 T A G T  A A .  . C  799 
CU T A G T  A A  G .  . 799 
KB T T A G T  A A  G .  . 799 
Beaud . . C  T A G T  A A G .  . 745 

Fig. 2 
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540 
517 
404 
CU 
KB 
Beaud 

540 
517 
404 
CU 
KB 
Beaud 

540 
517 
404 
CU 
KB 
Beaud 

540 
517 
404 
CU 
KB 
Beaud 

540 
517 
404 
CU 
KB 
Beaud 

G C  A A T  A G C  A A G  A A A  A G C  GC G A  A T  T T A T  C T G A G  A G  A A G G  A T  T A G A T T G T G T  843 
843 

G 

G <3 . <3. 
. G .  
. G .  
. G .  

. T .  

. T .  

. T .  

. T .  

T .  T .  
. . C .  
. . C .  
. . C .  

A .  . 
A .  . 
A G .  

A .  
A .  
A .  
A .  

G .  
G .  
G .  

C .  
C .  
C .  
C .  

A .  
A .  
A .  
A .  

849 
849 
849 
795 

T T  A C T T 1 | C T T  A A C A A | A G C A G G A C A A G C A G A T  C C T T  G C C C C G A G T G T  A C C T  893 
893 
899  
899 
899 
845 

C T C T G G T A T T C C G A G G G A A A A T T T G T G A G G A A C A C A T A A A T A A T A A T A A T  943 
943 

• A A C T 949 
• A A C 949 
• A . A  C C C .  . . 949 
• A A C C 895 

N gene 

C T T  T T  G T  C A T  G G C A A G C G G T  A A G G C T  A C T  G G G A A A A C A G A C G C T  C C G G C G  993 
993 
999 
999 
999 
945 

C C A G T C  A T C A A A C T  A G G A G G A C C  A A A G C C  A C C T  A A A G T  T G G T  T C T T C T G G  1043 
1043 
1049 

A 1049 
1049 

T A C 995 

A A G T G T G T C T T G G T T T C A A G C A A T  A A A A G C C  A A G A A G C T  A A A T T C A C C T C  1093 
T T 1093 

1099 
1099 
1099 

T A 1045 

404 . . A .  . C A  
CU . . A .  . C A  
KB . . A .  . C A  
Beaud . . A .  . C A  

540 C G C C C A A G T T T G A A G G T A G C G G T  1116 
517 1116 
404 1122 
CU . A .  . T .  . T 1122 
KB . A .  T T T .  . . 1122 
Beaud 1068 

F i g .  2 

N u c l e o t i d e  s e q u e n c e s  o f  t h e  g e n e  5 r e g i o n  o f  t h e  P C R  a m p l i f i e d  f r a g m e n t s  o f  t h e  t h r e e  T C V  isolates  a n d  t h e i r  s i m i l a r i t y  to  t h o s e  o f  t h e  t h r e e  
I B V  s tra ins  

The positions o f  miss ing  nucleotides are marked b y  (-), whi le  the positions o f  identical nucleotides arc marked b y  (.). Putative initiation codons are 
underlined in bold. Putative stop codons are marked b y  regular lines drown above  them. The conserved T A S  sequence C T T A A C A A  is boxed.  For the 
abbreviations o f  v irus  isolates o r  strains see  Tables 1-3. 
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(a) 

540 M K W L  T S F  G R A V V S  C Y K A L L L T  Q L R V L D R L I  L D H G P K R V L T  4 0  
517 4 0  
404 S . I  T .  . 4 0  
CU I I 4 0  
K B  R .  . . I 40  
Beaud - - , - U .  . . . 4 0  

540 C S R R V L L F Q L D L V Y R L A F T P T Q P L V .  65 
517 65 
404 . A  V .  . . .  I . . . .  Y .  . . .  S . .  . 65  
CU S S . . . 65 
KB . G  V Y .  . . . S . . . 65  
Beaud V Y .  . . .  S . A .  6 5  

(b) 

540 M N -  - K D N P F R R A I  A R K A R I  Y L  R E  G L  D C  V Y F  L N K  A G Q  A D P  C P E 4 0  
517 . . - - 4 0  
404 . . N S . A D E . . .  V 4 2  
CU . . N S G E . . .  A 4 2  
K B  . . N S G E . . .  A 4 2  
Beaud . . N S . . . . . . .  G .  A 4 2  

540 C T S L V F R G K I  C E E H I  N N N N L L S  W Q  A V R L  L G K Q T L R R Q S  S N .  80  
517 E 80  
404 Q Y E R .  . P Q 82  
CU Q .  . T C .  . . .  Q .  E R .  . P Q  82 
K B  Q .  . T H V .  . Q .  E R .  . P Q  82 
Beaud . T H K Q .  E .  . . P Q .  . . L .  . 82 

Fig.  3 

A m i n o  a c i d  s e q u e n c e s  o f  O R F s  5 a  (a) a n d  5 b  ( b )  o f  t h r e e  T C V  isolates a n d  t h e i r  s i m i l a r i t y  to  t h o s e  o f  t h r e e  I B V  s t r a i n s  

The positions o f  miss ing  amino acids are marked b y  (-), whi le  the positions o f  identical nucleotides are marked b y  (.). For the abbreviations o f  v irus  
isolates or strains see  Tables  1-3. 

in i t ia t ion  c o d o n  o f  t h e  f i r s t  O R F  f o r  e a c h  p a r t i c u l a r  
s u b g e n o m i c  m R N A .  T h e  consensus  sequences  o f  the  T A S  
s i tes  are  C T ( T / G ) A A C A A  f o r  IBV, A T C ( T / C ) A A A C  f o r  
BCV,  A A C T A A A C  f o r  TGEV, AATC(T/C)A(A/T)AC f o r  
MHV, a n d  A A C T A A A C  f o r  FIPV (Spaan  et al., 1988;  
Stirrups  et al., 2000) .  T h e  distance b e t w e e n  T A S  and the 
f i r s t  O R F  i s  d i f f e r e n t  i n  e a c h  s u b g e n o m i c  m R N A  o f  
di f ferent  coronaviruses.  For example,  the distance be tween  
the  canonical  I B V  T A S  3 '-end to  t h e  initiation codon o f  
the f i r s t  O R F  i s  4 6 5  nucleotides  f o r  theRNA-dependent 
R N A  polymerase  gene,  5 2  nucleotides f o r  the sp ike  protein 
gene,  2 3  nucleotides f o r  g e n e  3, 7 7  nucleotides  f o r  the M 

protein gene,  9 nucleotides  f o r  g e n e  5,  a n d  9 3  nucleotides  
f o r  the N protein g e n e  (Stirrups  et al., 2000) .  B o t h  the T A S  
nucleotide sequences  and the distance b e t w e e n  t h e  T A S  
3 ' - e n d  a n d  t h e  in i t ia t ion  c o d o n  o f  t h e  f i r s t  O R F  a r e  
s u g g e s t e d  to p l a y  an  important ro le  in the transcription o f  
m R N A s .  However ,  the intergenic consensus  T A S  o f  T C V  
h a s  n e v e r  b e e n  reported b e f o r e .  A s  s h o w n  in the  present  
study, the  T A S  sequences  o f  T C V  and I B V  w e r e  f o u n d  
h i g h l y  c o n s e r v e d .  T h e  d i s tance  b e t w e e n  T A S  a n d  t h e  
initiation codon o f  g e n e  5 and that b e t w e e n  T A S  a n d  the 
initiation codon o f  N g e n e  o f  T C V  w e r e  a l s o  s imilar  t o  
those  o f  IBV. 
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Phy logenet ic  ana lys i s  b a s e d  o n  t h e  P C R  a m p l i f i e d  f r a g m e n t  c o n t a i n i n g  t h e  g e n e  5 r e g i o n  d e m o n s t r a t i n g  re la t ionsh ips  a m o n g  t h r e e  T C V  
isolates  a n d  t h r e e  I B V  s t r a i n s  

The similarity scores w e r e  calculated b y  the Lascrgcne Program us ing  the unwcighcd pair-group method b y  arithmetic averages.  The horizontal distances 
arc proportional to the number o f  nucleotide differences.  For the abbreviations o f  v i rus  isolates or strains sec  Tables 1-3. 

The predicted proteins o f  ORFs 5a  and 5 b  w e r e  o f  small 
size (less than 10 K). The functions o f  these gene products 
are  not k n o w n .  Several  O R F s  encoding non-structural 
proteins h a v e  b e e n  recognized in coronavirus genomes  
(Boursnell etal., 1987; Lee  etal, 1991; Herolde/  al., 1993; 
Eleouet  et al., 1995). The number, nucleotide sequence, and 
gene order o f  these ORFs varied markedly among different 
coronaviruses. It i s  speculated that these genes  were  inserted 
into different sites o f  coronavirus genomes due to the R N A  
recombination-prone discontinuous transcription mechanism 
and were  not essential for  virus replication and pathogenesis. 
However, the sequence analysis  made in the present study 
indicated that both nucleotide sequences and location o f  gene 
5 ORFs and the consensus T A S  o f  TCV are highly conserved 
similarly to those o f  IBV. Given such a highly conserved 
sequences and structures within avian coronaviruses, gene 
5 m a y  p l a y  a n  important  r o l e  in t h e  p a t h o g e n e s i s  o f  
coronavirus diseases in avian species. 

It has been reported that M and N genes  o f  T C V  w e r e  b y  
more than 9 8 %  similar to those o f  B C V  (Verbeek and Tijssen, 
1991). However, several  earlier attempts to ampl i fy  these 
genes  o f  T C V  us ing  primers derived f r o m  B C V  sequences 
h a v e  not been successful  (Akin  et al., 2001).  In line with 
our  p r e v i o u s  f i n d i n g s ,  the presence  o f  g e n e  5 located 
upstream o f  N gene o f  T C V  a s  shown in the present study 
does not support the idea o f  a close relationship between 
T C V  and BCV. There are only 9 nucleotides between M 
and N genes  of  BCV. On the contrary, the results o f  the 
present study provide further evidence that T C V  and I B V  
m a y  b e  closely related. The phylogenetic analysis based on 
N gene made  in our previous  study (Akin  et al., 2 0 0 1 )  
indicated that the T C V  isolates can b e  clustered within the 
same genomic l ineage a s  the I B V  isolate K B 8 5 3 2 .  The 
phylogenetic analysis  based  on the amplif ied region made 
in the present study showed that the T C V  isolates can b e  

grouped within the same genomic lineage whi le  the I B V  
strains including K B 8 5 3 2  can f o r m  a separate cluster. 
Analys is  o f  other genomic segments o f  the T C V  genome 
wi l l  improve our understanding o f  the genomic relationship 
o f  T C V  to other coronaviruses as  w e l l  a s  molecular nature 
and pathogenesis o f  turkey coronavirus infection. 
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