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Are the two polymorphic sites of anti-Marek’s disease in White Leghorn chickens also suitable for Partridge Shank chickens?
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Abstract: Background: The selection of Marek’s disease (MD)-resistant breeds in Partridge Shank chicken, a popular local chicken breed in Henan Province of China, has practical value. We hypothesized that the two polymorphic sites (rs14527240 located in SMOC1 and GGaluGA156129 located in PTPN3) related to MD resistance in White Leghorn chickens are also applicable to Partridge Shank chickens. Methods: In this experiment, we screened 10 live hens and 2 live roosters with the double GG genotype by genotyping the two sites from 6500 Partridge Shank chickens. Nineteen one-day-old chicks with the double GG genotype were obtained by artificial insemination. Seventy-two one-day-old chickens (19 from the population expansion test and 53 randomly selected from chicken farms) were injected with 2000 plaque-forming units of the Md5 virus strain. After 100 days of infection, all chickens were examined by pathological anatomical examination, histological sectioning, genotyping, and a quantitative polymerase chain reaction of SMOC1 and PTPN3. Results: There was only one site (rs14527240 located in SMOC1) associated with MD in Partridge Shank chickens (p < 0.05), but the GG genotype of SMOC1 in Partridge Shank chickens indicated susceptibility to MD. SMOC1 expression in MD-susceptible chickens was also significantly higher than that in MD-resistant chickens (p < 0.05). Conclusion: Therefore, the MD resistance sites selected from White Leghorn chickens were not completely suitable for Partridge Shank chickens, but they can be used as a reference. This study indicated that SMOC1 plays an important role in screening for MD resistance in poultry.
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Introduction

Marek’s disease (MD) is an infectious disease caused by Marek’s disease virus (MDV), an oncogenic avian herpesvirus. This disease is characterized by lymphomas and high mortality in susceptible chickens (McPherson et al., 2018). Worldwide, MD causes serious economic losses in the poultry industry every year. Although the use of vaccines can prevent and control epidemics to some extent, they cannot eradicate and reduce the spread of MDV.

To improve the disease resistance of poultry, genes related to MD resistance need to be found and breeding for disease resistance be carried out. Currently, in most studies of MD resistance in poultry, White Leghorns are used as the research object (Luo et al., 2013; Bai et al., 2020). However, there are only a few reports about MD resistance breeding in Partridge Shank chickens, an important local chicken breed in China. Partridge Shank chickens are a kind of meat-type breed with stable performance and strong disease resistance (Zhao et al., 2019). These chickens are characterized by green feet and hemp feathers. In Henan Province, Partridge Shank chickens account for a considerable share of the free-range chickens.

Through a genome-wide association study (GWAS), two SNPs (single nucleotide polymorphisms) were found to be associated with White Leghorn resistance to MD (Li et al., 2013). These SNPs are rs14527240 located in intron 7 of SPARC-related modular calcium-binding 1(SMOC1) and GGaluGA156129 located on intron 22 of protein tyrosine phosphatase, nonreceptor type 3 (PTPN3) (Li et al., 2013). We hypothesize that these two sites are also resistance sites for MD in Partridge Shank chickens, and allele G of SMOC1 and PTPN3 might contribute to resistance to MD. Therefore, the aim of this study was to determine whether the two SNP sites with MD resistance in White Leghorn chickens have the same function in Partridge Shank chickens.

Materials and Methods

Blood sampling

Seventy-day-old Partridge Shank chickens (n = 6500) were selected from Wugang Farm in Henan Province, China. A one-milliliter blood sample per chicken was collected from the underwing vein by the negative pressure method, and the chicken was placed on the leg ring to prepare for the screening process.

Genotyping

The extraction of genomic DNA from blood samples was carried out according to the protocol of the Animal Tissue/Cell/Blood Genomic DNA extraction kit (Dingguo Biology Company, China, No. NEP062). The DNA quality and concentration were detected on a NanoDrop 2000 UV-Vis spectrometer. Chicken genotypes related to the two SNP sites (Sr represents rs14527240 and Pr represents GGaluGA156129) were identified by polymerase chain reaction-restriction fragment link polymorphism (PCR-RELP). The forward and reverse primers for Sr were 5′-TACTTCTATGTCTACGGGTCA-3′ and 5′-AGGGCAGTGAAAGGTGA-3′. The forward and reverse primers for Pr were 5′-CAAGCAAAGCAATCCCTAC-3′ and 5′-TTACATGGCAATGGCAGA-3′ (Li et al., 2013). With blood genomic DNA as a template (Clark et al., 2020), we expected to amplify 451 bp and 607 bp fragments, respectively, of Sr and Pr. According to the protocol of 2 × Power Taq PCR MasterMix (Tiangen Company, China, No. KT201), the PCR procedure was as follows: 94°C, 5 min; 94°C, 20 s, 60°C, 20 s, 72°C, 30 s, 36 cycles; 72°C, 10 min. Then, the PCR product was digested with Rsa1 (sites on Sr) (NEB Company, China, No. R0167V ) or Bsm1 (sites on Pr) (NEB Company, China, No. R0134V ) restriction enzyme. In detail, 1 μL of the premixed solution was added to 10 μL of PCR liquid. The premixed solution of Rsa1 included 0.25 μL of restriction endonuclease, 0.1 μL of bovine serum albumin, and 1 μL of buffer C. The reaction conditions were a 37°C water bath for 4 h. The premixed solution of Bsm1 was 0.3 μL of restriction endonuclease and 1 μL of Cutsmart buffer. The reaction was performed in a 65°C water bath for 4 h. RFLP products were analyzed on 1.5% agarose gels stained with ethidium bromide.

Double GG mutant genotype chicken to expand the breeding population

After a comparison of the leg ring number with the corresponding blood genotyping, chickens with double GG mutant genes were selected. By artificial insemination, the chicken population was expanded for the Md5 infection test. The hatchability was recorded.

Md5 infection, pathological anatomy, and genotyping

One-day-old Partridge Shank chicks were injected with the Md5 virus strain. The Md5 strain of MDV was donated by the Key Laboratory of Animal Immunology, Henan Academy of Agricultural Sciences. All experimental chickens were intraperitoneally injected with Md5-containing viral fluid at a dose of 2000 PFUs/0.1 mL per bird. In the positive pressure isolation room with a filter air device, chicks were reared in individual cages with free access to food and water. After the experiment was over, the chicken manure and feathers were collected for incineration treatment.

The infection experiment lasted 100 days. The vaccination procedure for chickens during the experiment is shown in Suppl. Table S1. The growth state of the experimental chickens was observed every day. On the 100th day, the chickens were exsanguinated. Spleen tissues of all experimental chickens were collected and stored in liquid nitrogen for gene expression and genotyping. The genotype was still detected by PCR-RFLP as described above. The association between genotype and incidence of MD was analyzed by using the cross-table program in SPSS2.1 descriptive statistic. The liver and heart tissues were collected to make pathological sections.

Histopathology

The heart and liver tissues of chickens with and without obvious pathological changes were fixed in 10% neutral buffered formalin, routinely embedded in paraffin, cut into 5 μm thick sections, and processed for hematoxylin and eosin staining. Sections of the heart and liver of the chickens were microscopically examined.

Detection of the oncogene meq

The genomic DNA of the spleen was extracted using an Animal Tissue/cell/blood Genomic DNA extraction kit (Dingguo Biology Company, China, No. NEP062). The forward and reverse primers of meq were 5′-ATGTCTCAGGAGCCAGAG-3′ and 5′-TCAGGGTCTCCCGTCACC-3′, respectively (Yu et al., 2014). A 1020 bp specific fragment of the meq gene could be amplified using this specific primer pair. The PCR system was 20 μL, including 10 μL of 2 × Power Taq PCR MasterMix, 0.4 μL of forward primer, 0.4 μL of reverse primer, 8.8 μL of ddH2O, and 0.4 μL of DNA template. The PCR program was 94°C for 5 min, 36 cycles of 94°C for 20 s, 60°C for 20 s, and 72°C for 30 s, and one cycle of 72°C for 10 min. The PCR product was detected by 1% agarose gel electrophoresis. Whether the electrophoretic bands appeared was used to determine the infection rate of Md5 (Lian et al., 2018).

RT-qPCR detection of SMOC1 and PTPN3 genes

Md5-infected chickens were divided into two groups according to typical symptoms: the case group (with typical MD symptoms) and the control group (without typical MD symptoms). The relative expression of SMOC1 and PTPN3 mRNA in the chicken spleen was detected by RT-qPCR. The total RNA of the spleen was extracted using a TRIzol® Plus RNA Purification Kit (Invitrogen, Grand Island, NY, USA). The concentration and qualities of RNA were measured by a NanoDrop One Spectrophotometer. First-strand cDNA was synthesized according to the protocol of the FastKing RT Kit (with gDNase). The reverse transcription reaction system included 2 μL of 10 × King RT buffer, 1 μL of FastKing RT enzyme mix, 2 μL of FQ-RT primer mix, and 5 μL of RNase-free ddH2O. The primer sequences of β-actin, SMOC1, and PTPN3 are shown in Suppl. Table S2. Quantitative PCR (qPCR) was performed according to the product specifications of SuperReal PreMix Plus (SYBR Green). The PCR program was 95°C for 90 s and 40 cycles of 95°C for 10 s, 60°C for 20 s, and 72°C for 20 s. For confirmation of the specificity of the PCR, melting curves were examined. The relative expression level of each gene was calculated according to the 2−ΔΔCt method, with β-actin as an internal control for data normalization.

Statistical analysis

Statistical data were analyzed using SPSS 21.0. The link between the genotype and onset of MD was detected by Pearson correlation analysis using cross-tables in descriptive statistics. The relative expression level of the gene was analyzed by Student’s t-test. The data are expressed as the means ± SD (SDM). A p value < 0.05 indicated significant differences.

Results

Determination of allelic frequencies

Blood samples were collected from 6500 Partridge Shank chickens, and the genotype of the SNP site was determined by PCR-RELP. The results of Sr and Pr genotyping in all experimental chickens are shown in Fig. 1. The GG type of Sr had the lowest abundance (1.93%), while the AA type of Sr had the highest abundance (71.78%). The GG type of Pr was found in 28.03% of the samples, and the hybrid type of GA showed the greatest percentage, up to 59.51%. The homozygous individuals with double GG type accounted for 0.246% of the total sample size. Specifically, there were only 16 chickens: 13 hens and 3 roosters.
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Figure 1: Percentage of different genotypes of Sr and Pr single nucleotide polymorphisms. Sr and Pr genotypes were detected in 6500 Partridge Shank chickens. The GG, GA, and AA genotypes of Sr were 1.93%, 26.29%, and 71.78%, respectively. The GG, GA, and AA genotypes of Pr were 28.03%, 59.51%, and 12.46%, respectively. The double GG type accounted for 0.246%.

Expanding the population of double GG genotype chickens

After genotype identification, 10 living hens and 2 living roosters with the double GG genotype were selected to expand the population by artificial insemination. A total of 60 breeding eggs were collected, and 19 chicks were produced. The hatching rate was 31.7%. These 19 chicks were used for subsequent infection with the Md5 strain.

Clinical symptoms and pathological anatomy

Md5 virus strain was injected in 72 one-day-old Partridge Shank chicks, of which 19 were from the expanding population and 53 were randomly selected from the chicken farm. In addition to obvious emaciation, the chickens had the clinical symptoms of lethargy, soft feet, discharge of green feces, and erect feathers. On the 100th day of the experiment, all the experimental chickens were slaughtered and dissected. Chickens with obvious clinical symptoms and pathological changes of MD were selected as the case group, and the other chickens were selected as the control group. The anatomical changes in the pathological and control chickens are shown in Fig. 2. The liver of the pathological chickens was highly enlarged, and covered the entire abdominal cavity in contrast to that of the control chickens (Fig. 2A). The liver was gray-red and firm, with large areas of gray-white needle-like or millet-like nodules (Fig. 2B). The heart was surrounded by cellulose, and the shape was irregular (Fig. 2C). There were hard gray-white nodules at the apex and wall of the heart. The spleen tissue was enlarged to some extent, approximately 3–4 times the normal size (Fig. 2D). On the surface, there were gray-white tumor nodules the size of corn grains and on the cut surface, diffuse gray‒white tumor foci were observed. No obvious anatomical changes were observed in the healthy chickens (Figs. 2E and 2F). According to the clinical symptoms of MD, the chickens were categorized into a control group and a case group.

[image: images]

Figure 2: Comparison of pathological anatomy of pathological chickens and healthy chickens. (A–D) pathological tissues of chickens. (E and F) normal liver and spleen tissues of chickens. The liver is highly enlarged and fills the abdominal cavity (A). There are hard and white nodules on the liver surface (B). The heart is completely surrounded by fibrin (C). The spleen is enlarged and approximately three times its normal size (D).

Histopathological changes

The tumor tissue and normal tissue showed marked differences under a microscope. Most of the tumor tissue was made up of large and nuclear-shaped lymphocytes. A cell can have more than one nucleus, and overall, it shows pleomorphism, a disordered arrangement, and loss of normal cell arrangement. The liver cells were denatured with substantial lymphoid cell infiltration (Fig. 3B) compared with those in Fig. 3A. The histological structure of the diseased myocardium was disordered (Fig. 3D) compared with that in Fig. 3C.
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Figure 3: Histopathological section of chicken (H&E staining, 40 × 10). (A and C) Normal liver and heart tissues of chickens. (B and D) Pathological liver and heart tissues of chickens. In contrast to the normal tissue in (A), the hepatocytes in (B) are denatured and heavily infiltrated with lymphoid cells. The structure of the myocardium in (D) is disordered compared with that in (C).

Rates of infection, mortality, and tumorigenicity

The genomic DNA of the chicken spleen was extracted, and a 1020 bp specific fragment of meq was amplified by PCR (Fig. 4). The results showed that all the chickens were successfully infected with MDV, with an infection rate of 100%. As the DNA was used to amplify meq with the same volume of DNA and not the same concentration, the amplified bands of meq only indicated the presence or absence of the gene, not copy numbers of meq. During the whole 100-day infection period, no deaths occurred. On the 100th day, a total of 27 chickens with tumors were found through pathological anatomical examination. The incidence of tumors was 37.5%.
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Figure 4: Detection of the meq gene. Lanes 1–20 represent meq bands, which were amplified from the spleen tissue DNA of infected chickens. The N lane is the negative control, in which meq was amplified from the spleen tissue DNA of uninfected chickens. Lane M represents the DNA molecular weight standard.

Correlation between genotype and tumorigenesis in Marek’s disease-infected chickens

The genotypes of Sr and Pr of 72 chickens were identified by the PCR-RELP method (see Suppl. Fig. S1). Among 72 chickens, 27 were tumor-bearing (case group) and 45 were normal chickens (control group). Pearson correlation analysis was conducted between the genotypes of Sr and Pr and resistance to MD in Partridge Shank chicks. The results (Table 1) showed that the genotype of Sr was significantly correlated with the susceptibility (or resistance) to MD (p < 0.01), and the genotype of Pr had no significant correlation with MD susceptibility (or resistance) (p > 0.05). Statistical analysis revealed that the GA and AA genotypes of Sr were associated with resistance and the GG genotype of Sr was associated with susceptibility to MD. The genotype of Pr appeared to have no association with resistance to MD. The combined distribution of genotypes of Sr and Pr in 72 chickens is shown in Table 2. Nineteen chickens had a double GG genotype, and most of them were sick. The double AA genotype was absent in all 72 chickens.
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Changes in SMOCI and PTPN3 expression in the spleen

Fluorescence qPCR was used to detect the differences in the expression of PTPN3 and SMOC1 in the control group and the case group to analyze the relationship between their expression patterns and MD resistance. Five samples each were selected from the control group and the case group. The genotypes of the two loci in each sample are shown in Suppl. Table S3. Compared with the control group, the expression of SMOC1 in the case group was significantly increased (p = 0.014 < 0.05) (Fig. 5). There was no significant difference in PTPN3 expression between the two groups (p = 0.74).
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Figure 5: Relative expression of PTPN3 and SMOC1 in spleen tissues of the control group (n = 5) and the case group (n = 5) after Marek’s disease virus infection. The β-actin gene was chosen as an internal control to normalize the data. The relative expression level of each gene was calculated according to the 2−ΔΔCt method. Error bars represent the standard deviation of the means. * represents p < 0.05. There was no significant difference in PTPN3 expression between the two groups. The expression of SMOC1 in the case group was significantly higher than that in the control group.

Discussion

GWASs are often used in animal breeding, but they are very costly. In breeding for disease-resistance, does the selection of disease-resistance genotypes from different varieties of the same species have some reference value for other varieties? According to Li’s study through GWAS, allele G of Sr (rs14527240) and Pr (GGaluGA156129) contribute to resistance to MD in White Leghorn chickens (Li et al., 2013). We hypothesized that these two highly correlated disease-resistance loci in White Leghorn chickens might also play a role in Partridge Shank chickens. We performed genotyping on 6,500 Partridge Shank chickens, and only 12 live chickens with the double GG genotype were obtained. Furthermore, the experimental chicken population was expanded through artificial insemination, and one-day-old chickens were used in the infection test. The goal was twofold: to increase the number of experimental animals with the double GG genotype and to reduce antibody interference in adult chickens. According to the farm immunization program, all the previous one-day-old chickens on the farm had been vaccinated against MD.

Clinical signs of MD include bursal/thymic atrophy, neurologic disorders, and T-cell lymphomas (Heidari et al., 2020). In this study, one-day-old nonvaccinated chickens were challenged with the vvMDV strain, and a typical model of visceral tumors was established. We also observed multiple organ enlargement and emaciation in the chickens. The expression of the meq gene was detected in the spleen of all experimental chickens, thus, the infection rate of this experiment was 100%. In contrast to 40% mortality and 60% tumorigenesis in MDV-infected Leghorn chickens (Zhou et al., 2018), no lethality was noted in this experiment, and the rate of tumorigenicity was low. This finding may be related to the fact that the one-day-old chicks contained maternal antibodies to resist the attack of some viruses; in addition, the experimental chicken is a native chicken of Henan Province in China. The difference between the two breeds may be one of the reasons for the low mortality and tumorigenicity.

In contrast to two SNP sites (Sr and Pr) related to MD resistance in White Leghorn chickens (Li et al., 2013), only the Sr site was associated with MD resistance in Partridge Shank chickens, and not the Pr site. In addition, the double GG genotype of the Sr site in Partridge Shank chickens was related to susceptibility to MD, which was contrary to the conclusion that allele G of the Sr site contributes to MD resistance in White Leghorn chickens. According to the observation of feeding status, chickens with a homozygous GG mutant of Sr were weaker. This phenomenon may be the reason that individuals with the homozygous GG genotype after MDV infection were more prone to tumorigenicity. Furthermore, in the genotyping of large samples (n = 6500), we found that chickens with the GG genotype of Sr accounted for only 1.93%, and those with the GG genotype of both Sr and Pr accounted for only 0.246% of cases. This finding may be because individuals with the GG genotype of Sr are less adaptive and are eliminated by natural selection. There was no significant association between the different genotypes of Pr and resistance to MD. This result was probably due to the small sample size of the chicken (n = 72) that we used in the infection test. However, the selection of the MD-resistant genotype in White Leghorn chickens is not completely suitable for Partridge Shank chickens.

Both SMOC1 and PTPN3 were implicated in tumorigenesis. SMOC1 was found to be related to tumor diseases, such as colorectal tumorigenesis (Suzuki et al., 2019), brain tumors (Brellier et al., 2011), and glioma (Zhang et al., 2019). In this study, SMOC1 was upregulated in the susceptible chickens, which was in agreement with Li et al. (2013). These results suggest that SMOC1 plays an important role in MD tumorigenesis. Many cancer studies found that PTPN3 acts as a tumor suppressor (Yuan et al., 2019; Peng et al., 2020). There was no significant difference in PTPN3 expression in the case group and the control group. We speculated that there might be no direct relationship between the expression of PTPN3 and MDV-induced tumor formation.

Conclusions

Our findings indicated that the MD resistance sites selected from White Leghorn chickens were not completely suitable for Partridge Shank chickens. We also found that the disease resistance site can be used for reference to different breeds of the same species. SMOC1 plays an important role in the formation of MD tumors in chickens.
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Figure S1: Electropherograms of Sr and Pr after restriction enzyme digestion. The first column represents Sr, and the second column represents Pr.
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Genotype distribution of Sr and Pr and Pearson correlation analysis of genotype and disease

TABLE 1

Sr Pr
Case Control Case Control
GG 20 7 22 30
GA 5 31 4 11
AA 2 7 4
Total number 27 45 27 45
Pearson correlation analysis p <0.01 p =0.383
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TABLE S§1

Vaccination procedure

Age of bird, day(s) Vaccine Route of administration

5 Newcastle Disease (La Sota Strain)+Infectious Bronchitis (Strain M41)+Avian  Subcutaneous route
Influenza vaccine, Inactivated (H9 Subtype, Strain NJ02)

8 Infectious Bursal Disease Vaccine, Live (Strain B87) Per os by medicated water

14 Newcastle Disease Vaccine, Inactivated (La Sota Strain) Per os by medicated water

18 Infectious Bursal Disease Vaccine, Live (Strain B87) Per os by medicated water

26 Avian Influenza, Inactivated (Strain H5N1) Intramuscular route

30 Infectious Bursal Disease Vaccine, Live (Strain B87) Per os by medicated water

35 Avian Pox Vaccine, Live (Quail-Adapted Strain) Stab puncture through wing web

45 Infectious Laryngotracheitis Vaccine, Live (Strain K317) Drip anus

60 Newcastle Disease Vaccine, Inactivated (La Sota Strain) Per os by medicated water

70 Infectious Bronchitis Vaccine, Live (Strain H52) Per os by medicated water

80 Newcastle Disease, Infectious Bronchitis and Avian Influenza (H9 Subtype) Subcutaneous route

Vaccine, Inactivated (Strain La Sota+Strain M41+Strain HN106)
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TABLE S2

Information on the primers

Primer name Primer sequence Target fragment size Reference sequence
B-actin-F 5’GAGAAATTGTGCGTGACATCA3 152 X00182

B-actin-R 5'CCTGAACCTCTCATTGCCA3’

SMOCI-F 5GGCTATTAACTCAGCAGCACCTACTY 113 XM_025151058.1
SMOCI-R 5TGTTATTGTCCAACTGGCTGAAGTS’

PTPN3-F 5’CGAGGCAGGTTATTCAGCAATAZ 120 XM_015282342.2

PTPN3-R

5TTACAGGTTATCTCTGATCGGGTTT3’
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TABLE 2

Distribution of combined genotypes of Sr and Pr in the same chicken

GGGG GGGA GGAA GAGG GAGA GAAA AAGG AAGA AAAA
Case 18 2 0 2 2 1 2 0 0
Control 1 5 1 23 5 3 6 1 0
Total 19 7 1 25 7 4 8 1 0

Note: Of the four letters of the genotvpe. the first two letters represent Sr. and the last two letters represent Pr.





OEBPS/Images/BIOCELL_27863-fig-4.png





OEBPS/Images/table-5.png
TABLE S3

The genotypes of the two loci from SMOCI and PTPN3 in the control group and case group

Groups Gene Sample 1 Sample 2 Sample 3 Sample 4 Sample 5

Control group SMOCI AA GA GA GA GA
PTPN3 GG GG GG GG GG

Case group SMOCI GG GG GG GG GG

PTPN3 GA GG GG GG GG
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