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ABSTRACT. A restriction fragment length polymorphism combined with direct PCR technique to differentiate goose and Muscovy duck 
parvoviruses (GPV and MDPV) was developed based on comparison of the NS gene of GPV and MDPV. Both GPV and MDPV genomic 
DNA can be amplified with 641 bp using the specific PCR primers. The PCR fragments can be cut into 463 bp and 178 bp only in the case 
of MDPV-derived PCR products, whereas the GPV-derived PCR products cannot. The method established in this study can be used to dif-
ferentiate GPV and MDPV with high specificity and precision, by using a direct PCR kit and QuickCut enzyme, as quickly as conventional 
PCR.
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Waterfowl parvovirus can cause disease with high mortal-
ity and morbidity in goslings and Muscovy ducklings. Ge-
nomic analysis and an antibody neutralization test revealed 
that the waterfowl parvovirus can be divided into two groups: 
the goose parvovirus (GPV) group and Muscovy duck par-
vovirus (MDPV) group. GPV can cause highly contagious 
and fatal disease in goslings, Muscovy ducklings, swans and 
Anser cygnoides [2, 3, 5, 8, 9], whereas MDPV only causes 
disease in Muscovy ducklings [2, 3, 8, 10].

GPV and MDPV have single-stranded DNA genomes of 
about 5.1 kb in length and contain two major open reading 
frames (ORFs) [3, 5, 6, 8, 9, 12]. The left ORF encodes 
nonstructural (NS) proteins NS1 and NS2, derived from the 
same gene, which is involved in viral replication and regula-
tory functions. The right ORF encodes three capsid proteins: 
VP1, VP2 and VP3. VP1, VP2 and VP3 are derived from 
the same gene via differential splicing. Futhermore, VP2 and 
VP3 are contained within the carboxyl terminal portion of 
VP1.

The NS genes of GPV and MDPV share more than 80.0% 
nucleotide identity, and GPV and MDPV shared related an-
tigenic features as evaluated by cross-neutralization [3, 14]. 
Traditional diagnostic methods have been employed for 
detection GPV and MDPV, such as the agar gel precipita-

tion, the virus neutralization test, the virus antigen-based 
enzyme-linked immunosorbent assay (ELISA), the indirect 
fluorescent antibody test, polymerase chain reaction, real-
time PCR and the loop-mediated isothermal amplification 
method (LAMP) [1, 4, 11, 14]. These reported methods have 
been associated with various problems, including poor sen-
sitivity and specificity for differentiation GPV and MDPV, 
especially when GPV and MDPV co-infection occurred in 
the same Muscovy duck flocks.

Here, we reported a restriction fragment length polymor-
phism combined with direct PCR technique to differentiate 
GPV and MDPV based on the conserved molecular charac-
teristic regions after comparison with the NS gene sequences 
from GPV and MDPV references strains downloaded from 
GenBank. The method established in this study can be used 
to differentiate GPV and MDPV as quickly as the conven-
tional PCR by using direct PCR and QuickCut enzyme 
digestion, with greater specificity and precision.

The NS gene sequences from GPV and MDPV strains 
were downloaded from GenBank and compared with each 
other by using DNASTAR Lasergene (v7.1) (DNAStar Inc., 
Madison, WI, U.S.A.). At the position 973 in their NS genes, 
MDPV has GAATTC, which can be recognized by the EcoR 
I restriction enzyme. However, GPV has GAGTTC, which 
cannot be recognized by the EcoR I restriction enzyme (see 
Fig. 1). The differences between GPV and MDPV can be 
recognized as conserved molecular characteristic regions. A 
specific pair of primers (NSF1, 5′- CAATGGGCTTTTAC-
CAATATGC-3′ and NSR1, 5′- ATTTTTCCCTCCTCCCAC-
CA-3′) was designed to cover this specific region for their 
NS gene which generates an expected PCR product of 641 
bp. Using the target-specfic primers NSF1 and NSR1, all 
GPV isolates were confirmed to have no EcoR I restriction 
enzyme sites, whereas all MDPV isolates were confirmed to 
have only one EcoR I restriction enzyme site.
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The MDPV-derived PCR products can be digested by 
EcoR I enzyme into two fragments of 463 bp and 178 bp 
in length, respectively. However, the GPV-derived PCR 
products cannot be digested by EcoRI enzyme and should 
potentially remain 641 bp in length.

Eleven samples (liver and spleen samples) collected from 
Muscovy duck between 3 and 25 days with typical water-
fowl parvoviruses infection clinical signs included watery 
diarrhea, sneezing and locomotory dysfuctions, on commer-
cial Muscovy duck farms in Fujian, Southeast China, from 
January to April 2013 and analyzed by using the established 
polymerase chain reaction-restriction enzyme fragment 
length polymorphism (PCR-RFLP). Viruses were isolated 
from all eleven samples by using 10-day Muscovy duck 
embryos collected from the Muscovy farm, which had no 
previous history with MDPV or GPV infections and did not 
use an attenuated vaccine against MDPV or GPV.

A Tissue Direct PCR Kit (Omega Bio-Tek, Norcross, 
GA, U.S.A.) was used to prepare the template DNA from 
tissues for PCR without DNA isolation, according to the 
manufacturer’s instructions. The optimal PCR conditions for 
detection of GPV and MDPV were determined to be 95°C 
for 4 min; 40 cycles of 94°C for 30 sec, 54°C for 30 sec and 
72°C for 35 sec and a final extension step at 72°C for 7 min. 
The optimized reaction was carried out in a 25 µl final reac-
tion volume containing 12.5 µl of kit-supplied 2×Taq Master 
Mix, 1 µl concentration of each forward and reverse primer 
(each 20 µM), 4 µl DNA templates and 6.5 µl distilled water 
to adjust the final volume to 25 µl.

The QuickCut TM EcoR I (Takara, Dalian, China) diges-
tion reactions were prepared according to the manufactur-
ers’s instructions. 10× QuickCut Buffer 2 µl, 1 µl QuickCut 
EcoR I enzyme, 10 µl PCR products and 5 µl distilled water 
to adjust the final volume to 20.0 µl and then incubate at 

37°C for 5 min. Prior to incubation, the PCR tubes were cen-
trifuged at 4,000 rpm for 10 sec. At the end of the reaction, 
10 µl of samples were loaded onto a 1.5% (W/V) agarose gel 
for electrophoresis.

Common waterfowl infectious diseases (DNA viruses and 
bacterial pathogens) were used to analyze the specificity of 
the established method, such as duck circovirus (DuCV), 
goose circovirus (GoCV), duck plague virus (DPV), egg 
drop syndrome virus (EDSV), Escherichia coli (E. coli), 
Salmonella, Riemerella anatipestifer (R.A.) and also 
Pasteurella Multocida (P.M.). The E. coli (CVCC3732), 
Salmonella (CVCC3758), R.A. (CVCC3773), Pasteurella 
Multocida (CVCC458), DPV (CEC 19950150) and EDSV 
(CVCC AV183) reference strains were collected from the 
China Veterinary Culture Collection Center (CVCC). The 
DuCV (GenBank ID GQ423747) and GoCV (GenBank ID 
GU320569) reference strains were identified by us at the 
Institute of Animal Husbandry and Veterinary Medicine, 
Fujian Academy of Agricultural Science, Fuzhou, China.

Only GPV and MDPV virus were tested positive with 641 
bp fragments under the optimized PCR conditions. No cross-
amplification occurred with the reference strains templates, 
including DuCV, GoCV, DPV, EDSV, E. coli, Salmonella, 
R.A. and P.M. (see Fig. 2).

After the QuickCut EcoR I digestion reactions, the MD-
PV-derived PCR products could be cut 463 bp and 178 bp 
fragments, whereas the GPV-derived PCR products could 
not be cut remained 641 bp. The PCR products derived from 
GPV and MDPV co-infection samples yielded three frag-
ments, 641 bp, 463 bp and 178 bp (see Fig. 3).

Agarose gel electrophoresis showed that six of the eleven 
samples yielded 641 bp fragments after PCR amplification. 
After EcoR I digestion, four of the six samples could be di-
gested, and they generated two fragments, one with 463 bp 

Fig. 1. Comparison of the NS gene of the GPV and MDPV reference strains. All the MDPV reference strains 
contained the EcoR I enzyme site GAATTC at position 973, with M in front of the GenBank accession num-
ber. All the GPV reference strains contained GAGTTC, with G in front of the GenBank accession number.
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and one with 178 bp fragments, one of the six samples yielded 
only 641 bp fragments, and only one of the six samples had 
641 bp, 463 bp and 178 bp fragments, which means that this 
sample was co-infected with GPV and MDPV (see Fig. 3).

The positive samples PCR amplicons were cloned and 
sequenced, and the sequenced data and GPV and MDPV 
reference strains were analyzed with the DNASTAR La-
sergene (v7.1) software. Four MDPV-positive samples con-
tained only the GAATTC EcoR I restriction site as expected 
(samples 3, 4, 6 and 7), while the GPV-positive sample con-
tained GAGTTC (sample 2), and the co-infection samples 
contained both GAATTC and GAGTTC (sample 9) (see 

Fig. 4). We concluded that the difference between MDPV 
with GAATTC and GPV with GAGTTC at position 973 can 
be recognized as a genetic marker in waterfowl parvoviruses. 
We isolated MDPV from four clinical samples (samples 3, 
4, 6 and 7), GPV from one clinical sample (sample 2) and 
GPV and MDPV (co-infection) from one clinical sample 
(sample 9), and they shared 100% with the PCR-RFLP re-
sults described in this study.

Restriction enzyme analysis of the viral genome has been 
widely applied to the differential diagnosis of different par-
vovirus species belonging to the genus Parvovirus within 
the Parvoviridae family, such as canine parvovirus and 

Fig. 2. PCR amplification for common infectious diseases. M, DL 
2000 DNA Marker; 1, GPV; 2, MDPV; 3, DuCV; 4, GoCV; 5, 
DPV; 6, EDSV; 7, E. coli; 8, Salmonella; 9, R.A.; 10, P.M.; 11, 
negative control. Fig. 3. Detection and differentiation of GPV, MDPV and GPV-

MDPV co-infection by using EcoR I digestion analysis. M, DL 
2000 DNA Marker; 1, negative control; 2, GPV and MDPV PCR 
products digested by EcoR I; 3, GPV PCR products digested by 
EcoR I; 4, MDPV PCR products digested by EcoR I; 5, GPV PCR 
products; 6, MDPV PCR products.

Fig. 4. Analysis of cloned sequences from the clinical samples. The reference strains (were G-U25479 for GPV; 
M-U22967 for MDPV). Four MDPV-positive samples contained the GAATTC EcoR I restriction site as expected 
(samples 3, 4, 6 and 7), while the GPV-positive sample contained the GAGTTC (sample 2), and the co-infection 
samples contained both GAATTC and GAGTTC (sample 9).
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mink enteritis virus [13]. PCR-RFLP analysis was reported 
firstly used to distinguish GPV and MDPV in Thailand by 
using HincII, BglII and EcoR1 restriction enzymes [7]. In 
this study, we established a new PCR-RFLP method with the 
EcoR I restriction enzyme digested directly to differentiate 
GPV and MDPV infection status, saving time, money and 
labor, by comparison with the GPV and MDPV reference 
strains with greater precision.

In conclusion, a PCR-RFLP method to differentiate GPV 
and MDPV by using a tissue directs PCR kit and QuickCut 
enzyme (only needs 5 min more for digestion without any 
PCR products clean up). The method described in this study 
was shown to be specific, sensitive and repeatable and to be 
simple and low cost compared with the normal procedure; 
it also does not require purification of the PCR products, 
which is especially suitable for determination of the GPV 
and MDPV co-infection status. Furthermore, the established 
method can provide a rapid qualitative and reliable diagnosis 
for GPV and MDPV as quickly as conventional PCR meth-
ods with greater precision.
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