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    Chapter 12   

 A Multiplex Polymerase Chain Reaction for Differential 
Detection of Turkey Coronavirus from Chicken Infectious 
Bronchitis Virus and Bovine Coronavirus                     

     Chien     Chang     Loa    ,     Ching     Ching     Wu    , and     Tsang     Long     Lin      

  Abstract 

   A multiplex polymerase chain reaction (PCR) method for differential detection of turkey coronavirus 
(TCoV), infectious bronchitis virus (IBV), and bovine coronavirus (BCoV) is presented in this chapter. 
Primers are designed from the conserved or variable regions of nucleocapsid (N) or spike (S) protein genes 
of TCoV, IBV, and BCoV and used in the same PCR reaction. Reverse transcription followed by PCR 
reaction is used to amplify a portion of N or S gene of the corresponding coronaviruses. Two PCR prod-
ucts, a 356-bp band corresponding to N gene and a 727-bp band corresponding to S gene, are obtained 
for TCoV. In contrast, one PCR product of 356 bp corresponding to a fragment of N gene is obtained for 
IBV strains and one PCR product of 568 bp corresponding to a fragment of S gene is obtained for BCoV.  
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1      Introduction 

  Turkey   coronavirus (TCoV) contributed to signifi cant economic 
losses and remains as a serious threat to the turkey producers. Turkey 
coronaviral  enteritis   in areas with high concentrations of turkeys on a 
year-round basis is not easily eliminated and is encountered frequently 
in turkey poults [ 1 ]. Accurate and rapid method for  diagnosis   of 
TCoV  infection   is the key to effective control of the disease. 

  Turkey   coronavirus belongs to the family Coronaviridae, which 
is a group of enveloped, positive-stranded RNA viruses that infect 
a wide range of mammalian and avian species. The major structural 
proteins of coronavirus include  phosphorylated   nucleocapsid (N) 
protein, peplomeric spike (S) glycoprotein, and transmembrane or 
membrane (M) glycoprotein. Spike protein contributes to the 
 distinctive peplomers on the viral surface and contains neutralizing 
and group-specifi c epitopes. Spike protein is highly variable among 
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different  coronaviruses   while M and N proteins are more  conserved 
among coronaviruses between different antigenic groups [ 2 ]. 

 There is a close antigenic and genomic relationship between 
TCoV and infectious bronchitis virus (IBV) according to studies 
of immunofl uorescent antibody assay ( IFA  ), enzyme-linked 
 immunosorbent assay ( ELISA  ), and sequence analysis in our and 
other laboratories [ 3 – 8 ]. In addition, bovine coronavirus (BCoV) 
was demonstrated to cause experimental enteric  infection   in turkey 
[ 9 ]. Therefore, close relationship between TCoV and BCoV was 
previously reported and TCoV was placed in an antigenic group as 
BCoV [ 10 ,  11 ]. Although the sequence data revealed divergence 
of S genes among TCoV, IBV, and BCoV [ 12 – 14 ], there is still a 
need to detect and differentiate them accurately and quickly. 
 Polymerase chain reaction   ( PCR  ) assay has been an important 
approach for detecting many veterinary important microorganisms 
with the distinct advantages of high sensitivity and specifi city. This 
chapter describes a multiplex PCR assay to detect and differentiate 
TCoV, IBV, and BCoV in a single reaction [ 15 ].  

2    Materials 

       1.    Test sample:  Turkey    intestine  .   
   2.    Phosphate-buffered saline (PBS), pH 7.4.   
   3.    Stomacher ®  80  micro Biomaster laboratory paddle blenders 

(Seward, Davie, FL, USA).   
   4.    RNApure reagent (GenHunter, Nashville, TN, USA).   
   5.    Chloroform.   
   6.    Isopropanol.   
   7.    70 % Ethanol.   
   8.    Diethyl-pyrocarbonate (DEPC)-treated sterile double-distilled 

water (DEPC-H 2 O).      

       1.    SuperScript III fi rst-strand synthesis system for  RT-PCR   kit 
(Life Technologies/Invitrogen, Carlsbad, CA, USA).   

   2.    RNaseOUT is a recombinant RNase inhibitor (Life Technologies/
Invitrogen).   

   3.    Random hexamers (Life Technologies/Invitrogen).   
   4.    Deoxynucleotide triphosphates (dNTP) (Promega Corp., 

Madison, WI, USA).      

       1.    Primers listed in Table  1  ( see   Note 1 ).
       2.    Taq polymerase (Promega Corp).   
   3.    Sterile distilled water.   

2.1  Viral RNA 
Preparation

2.2  Reverse 
Transcription

2.3   PCR   Reaction
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   4.     PCR   thermal cycler (GeneAmp PCR System 9600, Perkin 
Elmer Centers Corp., Norwalk, CT, USA).   

   5.    Agarose.   
   6.    Ethidium bromide, 0.5 μg/ml.   
   7.    Ultraviolet transilluminator.       

3    Methods 

       1.     Turkey   intestines are cut into pieces and homogenized by 
Stomacher with fi vefold volume of PBS solution.   

   2.    The intestinal homogenates are clarifi ed by centrifugation at 
1500 ×  g  for 10 min. The supernatants containing TCoV are 
used as virus source for preparation of RNA templates for 
reverse transcription (RT)- PCR   reaction.   

   3.    Two hundred microliters of above supernatants are mixed with 
1 ml of RNApure reagent and incubated on ice for 10 min ( see  
 Note 2 ).   

   4.    Add 180 μl of chloroform, mix the mixture, and vortex vigor-
ously for 10 s ( see   Note 3 ).   

   5.    Centrifuge at 13,000 ×  g  for 10 min at 4 °C. Carefully take the 
upper aqueous phase into a clean tube and mix with equal vol-
ume of cold isopropanol by vortexing vigorously for 30 s. 
Incubate on ice for 10 min.   

   6.    Centrifuge at 13,000 ×  g  for 10 min at 4 °C. Carefully discard 
the supernatant without disturbing RNA pellet.   

   7.    Wash RNA pellet with 1 ml of cold 70 % ethanol. Incubate on 
ice for 5 min.   

3.1  Viral RNA 
Preparation

   Table 1  
  List of primers and sequences for coronavirus multiplex polymerase chain 
reaction   

 Name  Sequences 

 N103F  CCTGATGGTAATTTCCGTTGGG 

 N102R  ACGCCCATCCTTAATACCTTCCTC 

 S306F  TGTATCTAATTTGGGTGGGTTTGA 

 S306R  ATAAGCTGCTAATTGAAGGGATGC 

 S3  ATGTGTGTAGGTAATGGTCCTGG 

 S6  AGCAACTACGAATCATAAAA 

Multiplex PCR for TCoV, IBV, and BCoV
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   8.    Centrifuge at 13,000 ×  g  for 2 min at 4 °C. Remove the  ethanol. 
Spin briefl y and remove the residual liquid with pipette 
( see   Note 4 ).   

   9.    Dissolve RNA pellet in 50 μl of DEPC-H 2 O and a portion of 
it is quantifi ed by spectrophotometry (GeneQuant Pro 
Spectrophotometer, Amersham Pharmacia Biotech, Inc., 
Piscataway, NJ, USA; GeneQuant 1300 Spectrophotometer, 
GE Healthcare Bio-Sciences, Piscataway, NJ, USA) at 260 nm 
wavelength ( see   Note 5 ).   

   10.    Positive control samples including turkey intestinal homoge-
nates containing TCoV/IN/540/94 (GenBank accession 
number EU022525), IBV strains (ATCC, Manassas, VA, 
USA), and BCoV (NVSL, Ames, IA, USA) are processed for 
viral RNA following the procedures above.      

       1.    Mix 8 μl (1 pg to 5 μg) of RNA with 1 μl (50 ng/μl) random 
hexamer and 1 μl (10 mM) dNTP in a total volume of 10 μl.   

   2.    Incubate at 65 °C for 5 min and sit on ice for 1 min.   
   3.    Add 10 μl of SuperScript III cDNA Synthesis Mix (containing 

2 μl 10× RT buffer, 4 μl (25 mM) MgCl 2 , 2 μl (0.1 M) DTT, 
1 μl (40 U/μl) RNaseOUT, 1 μl (200 U/μl) SuperScript III 
RT enzyme) to each RNA/primer mixture.   

   4.    Incubate at 25 °C for 10 min and followed by 50 °C for 50 min.   
   5.    Terminate the RT reaction at 85 °C for 5 min and chill on ice 

( see   Note 6 ).      

       1.    Two microliters of cDNA are used in  PCR   amplifi cations. The 
components for 100 μl reaction mixture are listed in Table  2  
( see   Note 7 ).

       2.     PCR   cyclic parameters: 94 °C for 30 s for denaturation, 50 °C 
for 1 min for annealing, 72 °C for 1 min for extension for 25 
cycles followed by 72 °C for 10-min fi nal extension.   

   3.    A volume of 8 μl of the amplifi ed  PCR   products is subjected to 
electrophoresis at 100 V in horizontal gels containing 1 % aga-
rose. The gel is stained with ethidium bromide. Amplifi ed 
 DNA   products are visualized by viewing the gel with an 
 ultraviolet transilluminator, compared with standard markers 
of DNA size ( see   Notes 8  and  9 ).       

4    Notes 

     1.    Primers are based on the variable and conserved regions of S 
and N gene sequences among TCoV, IBV, and BCoV. The 
sense primer N103F and antisense primer N102R common to 
both TCoV and IBV were designed according to the  conserved 

3.2  Reverse 
Transcription
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regions of N gene sequences. This set of primers specifi ed a 
356-bp sequence corresponding to nucleotide position 445 to 
801 of TCoV N gene. The sense primer S306F and antisense 
primer S306R specifi c to TCoV were designed according to 
the variable regions of S gene sequences among these viruses. 
This set of primers specifi ed a 727-bp sequence corresponding 
to the nucleotide position 2019 to 2745 of TCoV S gene. The 
sense primer S3 and antisense primer S6 specifi c to BCoV were 
designed according to the variable regions of S gene sequences 
among these viruses. This set of primers specifi ed a 568-bp 
sequence corresponding to the nucleotide position 1488 to 
2055 of BCoV S gene.   

   2.    The suggested ratio of RNApure reagent to sample is 10:1. 
Excess amount of RNApure reagent has no negative impact. 
The lower ratio (5:1) in this step is intended to obtain higher 
concentration of viral RNA in the fi nal supernatants. If the 
upper aqueous phase after centrifugation at step 5 is more than 
half of the total volume, there is not enough RNApure reagent 
added. The appropriate reagent amount may be adjusted. 
Chloroform is applied at 150 μl for every ml of lysate.   

   3.    The sample mixture with chloroform at this step can be stored 
at −70 °C or lower than −70 °C before proceeding to the next 
step.   

   Table 2  
  Preparation of reaction mixture for coronavirus multiplex polymerase 
chain reaction   

 Components  Volumes (μl) 

 Distilled H 2 O  67 

 10× buffer  10 

 MgCl 2  (25 mM)  6 

 dNTP mix (10 mM)  2 

 Primer S3 (10 pmol/μl)  2 

 Primer S6 (10 pmol/μl)  2 

 Primer S306F (10 pmol/μl)  2 

 Primer S306R (10 pmol/μl)  2 

 Primer N103F (10 pmol/μl)  2 

 Primer N102R (10 pmol/μl)  2 

 Taq enzyme (5 U/μl)  1 

 cDNA template  2 

Multiplex PCR for TCoV, IBV, and BCoV
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   4.    Optional: Invert the tube for 5–10 min for air-drying of RNA 
pellet is a helpful tip to completely remove any residual ethanol 
that may interfere with the following RT reaction.   

   5.    It is critical to make sure that the jellylike RNA pellet is com-
pletely dissolved into solution by repeat pipetting. The volume 
(50 μl) of DEPC-H 2 O may be adjusted according to RNA pellet 
size for appropriate RNA concentration. Concentration can be 
estimated by taking 1 μl of the RNA solution into 1 ml of water. 
Read at 260 nm. 1 OD260 = 40 μg. The RNA quality can be 
further examined by OD 260/280 and 260/230 ratio. The ratio 
of 260/280 about 2.0 is considered as pure for RNA, while 1.8 
is considered pure for  DNA  . The expected 260/230 ratio is 
around 2.0 to 2.2 for pure nucleic acid. If the ratio is appreciably 
lower, it may indicate the presence of protein,  phenol, or other 
contaminants with strong absorption near 280 or 230 nm. RNA 
should be stored at −70 °C or lower than −70 °C.   

   6.    The synthesized cDNA in the RT reaction can be stored at 
−20 °C or lower than −20 °C until used. RNase H digestion to 
remove the RNA templates from the cDNA:RNA hybrid mol-
ecule is optional. The RNase treatment may increase  PCR   sen-
sitivity for long templates. The target products (356, 568, and 
727 bp) of this multiplex PCR are not considered long. The 
benefi t of this RNase digestion is likely limited.   

   7.    For routine practice in the laboratory for large number of sam-
ples, 25 μl reaction can be applied with reduced cost of reagents.   

   8.    Result interpretation:
   TCoV positive: two  PCR   products, a 356-bp band, and a 727-

bp band.  
  IBV positive: one  PCR   product of 356 bp.  
  BCoV positive: one  PCR   product of 568 bp.  
  Negative: no  PCR   product.  
  One limitation of this multiplex  PCR   should be noted. When 

both TCoV and IBV are present in the sample, the IBV-
positive PCR product at 356 bp is overlapping with one 
of the two TCoV PCR products. The result of two PCR 
product bands at 356 and 727 bp refl ects a confi rmed 
 diagnosis   of TCoV positive but does not rule out the 
presence of IBV. This concern is alleviated by  tissue   tro-
pism of IBV.  Turkey   enteric  infection   by chicken respira-
tory IBV has never been reported. Accordingly, the 
presence of IBV in turkey intestines (the test sample) is 
not likely. Any such concern should be further evaluated 
by a separate PCR specifi c for IBV [ 16 ]. On the other 
hand, IBV-positive result is able to exclude the presence 
of TCoV.      

Chien Chang Loa et al.
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   9.    The sensitivity of this multiplex  PCR   is 4.8 × 10 −3  μg of TCoV 
RNA, 4.6 × 10 −4  μg of IBV RNA, and 8.0 × 10 −2  μg of BCoV 
RNA. The specifi city had been evaluated against Newcastle 
disease virus, Marek’s disease virus, turkey pox virus, pigeon 
pox virus, fowl pox virus, reovirus, infectious bursal disease 
virus, enterovirus, astrovirus,  Salmonella enterica ,  Escherichia 
coli , and  Mycoplasma gallisepticum  with negative results that 
have no PCR products.         
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