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Section 1 

Samples and Testing 

During August 2021, we received whole blood, serum, and tissue samples collected from 

suspected and dead pigs from different parts of Mizoram and 1 wild boar sample collected from 

a dead carcass found in forest area of Serchhip district of Mizoram. Tissue, serum, and plasma 

separated from the whole blood samples were tested by real-time qPCR and subjected to virus 

isolation. The number of samples tested from various districts of Mizoram state during this 

outbreak is presented in Appendix Figure 1. Viral nucleic acid was extracted from the samples 

using QIAamp Viral RNA Mini Kit (Qiagen, Germany) following the manufacturer's 

recommendation. Viral nucleic acid was eluted in 50 μL of elution buffer of the kit. Nucleic acid 

extracted from the suspected samples was tested by real-time PCR for the detection of ASFV 

genome as described previously (1) with suitable modifications using Premix Ex Taq (Probe 

qPCR, Takara Bio Inc., Japan). Briefly, each 20-µL reaction mix consisted of 1× reaction buffer, 

0.4 µM of each forward (5′-CCCAGGRGATAAAATGACTG-3′) and reverse (5′- 

CACTRGTTCCCTCCACCGATA-3′) primer, 0.1 µM of probe (5′-FAM-

TCCTGGCCRACCAAGTGCTT-BHQ1–3′), 5 µL of template DNA, and nuclease free water to 

make up the volume. The reactions were carried out in CFX96 Real-Time PCR System (Bio-

Rad, USA) with the following cycling conditions: 1 cycle at 95°C for 2 minutes, followed by 45 

cycles at 95°C for 10 seconds and 60°C for 30 seconds. Samples showing proper amplification 

curves with a Ct value <40 were considered positive. 

Virus Isolation 

The processed samples (10% tissue homogenates and serum) were inoculated onto 

porcine pulmonary alveolar macrophage (PAM) cultures following a previously described 

protocol (2) with appropriate modifications. Briefly, cryopreserved PAM harvested from the 

lungs of 5-week-old piglets were thawed, washed, and resuspended in RPMI-1640 medium 

(Sigma, USA). The cells were seeded in 96-well plates at a concentration of 2 × 105 cells per 

well in 100 µL volume. Samples were inoculated in triplicate at 1/10, 1/50, and 1/100 dilutions. 

Three wells served as uninoculated controls. On the following day, 20 µL of freshly prepared 1% 

swine red blood cell suspension in RPMI-1640 medium/PBS was added to each well. The plates 

were incubated at 37°C in a CO2 incubator and monitored for 5–7 days for the development of 

hemadsorption (HAD) or cytopathic effects indicative of ASFV presence. 
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Viral Genome Enrichment 

Two ASF viruses [one each isolated from domestic pig (IND/MZ/314/2021) and wild 

boar (IND/MZ/324/2021)] were selected for complete genome sequencing. The virus isolates 

were bulk propagated and processed for viral genome enrichment according to the protocol 

described by Alexander et al. (3), with suitable modifications. Briefly, infected cells were 

subjected to 3 freeze-thaw cycles to release viral particles. The cell lysates were clarified by 

centrifugation at 3,250 × g for 20 minutes at 4°C. The supernatant was collected and mixed with 

100 mM MgSO4 in 50 mM Tris-HCl buffer (pH 7.5). A 50% (w/v) solution of polyethylene 

glycol (PEG) 6000 was prepared in NT buffer (150 mM NaCl and 50 mM Tris-HCl) and added 

to the supernatant to achieve a final concentration of 10% PEG. The mixture was incubated 

overnight with constant stirring at 4°C. The solution was centrifuged at 3,250 × g for 20 minutes 

at 4°C. The supernatant was discarded, and the precipitated pellet was resuspended in 500 µL of 

cold NT buffer. The viral pellet was treated with DNase (70 units) at 37°C for 1 hour to remove 

host genomic DNA. DNase activity was stopped by incubation with 50 mM EDTA (final 

concentration) at 65°C for 10 minutes. The pellet was subsequently treated with RNase (40 

μg/mL), proteinase K (200 μg/mL), and 1% sodium dodecyl sulfate (SDS) at 37°C for 18 hours. 

DNA was extracted from the treated pellet using the phenol-chloroform extraction method (4). 

The DNA was then quantified and stored at −80°C until further use. 

Whole-Genome Sequencing 

The quality and quantity of the genomic DNA extracted from the enriched virus pellet 

were assessed using a nano-spectrophotometer (Eppendorf, Germany). Real-time PCR was 

carried out to confirm the presence of ASFV genome. Complete genome sequencing was 

performed by preparing a sequencing library for each sample using the Nextera XT DNA library 

preparation kit (Illumina, San Diego, CA, USA), followed by 2 × 150 NextSeq500 paired-end 

sequencing on the NextSeq500 sequencing system (Illumina, USA). 

The next-generation sequencing of ASFV isolates from wild boar and domestic pig 

yielded 20,823,144 and 6,180,140 raw reads, respectively. Quality control of the raw reads was 

performed using FastQC v0.11.9 (5), which provided a comprehensive overview of read quality, 

including total bases, read count, GC content, and other basic statistics. Low-quality reads, with 

Phred scores below 30, as well as adaptor sequences, were removed using Trimmomatic v0.38 

(6) to ensure high-quality data for downstream analysis. De novo assembly of the quality-filtered 

reads was carried out using SPAdes v3.15.2 (7), generating scaffold contigs. Contigs smaller 

than 200 kb were subjected to Blastn analysis to identify the closest matching ASFV sequence. 

The trimmed reads were then aligned to the best-matched ASFV genome (GenBank accession 

no. OL697244) using HISAT-2 /BWA-MEM software (8) to assemble the complete genome. 

Gaps or regions with read coverage depth below 50 were resolved through PCR amplification, 

using custom primers (Appendix Table 2), followed by Sanger sequencing. Gene annotation of 

the assembled genomes was performed using the Genome Annotation Transfer Utility (GATU) 

software (9). The final complete genome sequences were compiled for further analysis. 
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Phylogenetic and Single-Nucleotide Variant Analyses 

Complete genome sequences of the ASF virus isolates from a domestic pig 

(IND/MZ/314/2021) and a wild boar (IND/MZ/324/2021) were aligned with 48 additional 

complete genome sequences retrieved from the NCBI GenBank database. For serogroup 

classification, the EP402R gene from these isolates was aligned with other sequences obtained 

from the GenBank database. All sequence alignments were performed using the MAFFT 

software (v7.487) (10), employing default parameters. Phylogenetic analysis was conducted 

using the Randomized Axelerated Maximum Likelihood (RAxML GUI v2.0.13) software (11). 

Maximum likelihood (ML) phylogenetic trees were constructed from the aligned sequences 

under the general time reversible (GTR) model with gamma distribution to account for rate of 

variation across sites. To assess the robustness of the tree, bootstrap analysis was performed with 

1,000 pseudo-replicates. The phylogenetic trees were visualized and annotated using iTOL v6 

(Interactive Tree of Life) software (12). 

Single-nucleotide polymorphism (SNP) analysis was carried out by comparing with other 

complete genome sequences reported in India and other countries: IND/AS/SD-02/2020 

(OL692743), IND/AR/SD-61/2020 (OL692744), IND/ABTCVSCK (OM481275), 

IND/ABTCVSCK (OM481276), China/2018/Anhui (MK128995.1), ASFV Wuhan 2019–1 

(MN393476.1), and ASFV Georgia 2007/1 (NC_044959.2) using mpileup utility of Samtools 

(v0.1.18) from sorted BAM files (13). The percentage of nucleotide identity were generated from 

aligned sequences using Qiagen CLC genomics workbench version 5.5.4. 

Section 2 

Nucleotide Insertions and Deletions 

Alignment of the complete genome sequence of ASFV isolated from wild boar with the 

reference strain Georgia/2007 revealed notable nucleotide variations. Seven single-nucleotide 

insertions [1 G (at position 103315), 1 T (position 468 in DP60R gene), 2 Cs (position 1381 in 

IR, 10595 in MGF 110–7L gene) 3 As (at 4197, 168750 and 190372)], a double nucleotide 

insertion (TA) at position 74327, 2 triple nucleotide insertions (GGG) at 17837 and 21796, a 6-

nucleotide insertion (TAAAAT) at 17936 (ASFV G ACD 00300), and a 10-nucleotide insertion 

(TATATAGGAA) at 173381 were identified in the wild boar ASFV genome. 

Five single-nucleotide deletions (2A, 3T) were observed at positions 2958, 6774, 12568 

(ASFV G ACD 00190 gene), 21786, and 176021 (I196L gene). Other deletions included a 2-

nucleotide deletion at 19791, a 12-nucleotide deletion at 11933, 4-nucleotide deletions at 14224 

and 15665 (MGF 110–13Lb), a 3-nucleotide deletion at 19998 (ASFV G ACD 00350), a 9-

nucleotide deletion at 100436 (B475L gene) and a 50-nt deletion at 188949 (MGF 360–21R 

gene). 

These insertions and deletions resulted in frame shift mutations affecting amino acid 

expression in DP60R and ASFV-GACD 190 genes. Truncations could be predicted in proteins 

encoded by MGF 110–7L gene (due to insertion of 1 extra G at position 133), MGF 110–10L and 

MGF 110–14L fusion gene (due to a 4-nucleotide deletion at position 343), and MGF 110–13Lb 
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gene (due to a 4-nucleotide deletion at position 363). Protein truncations observed in these genes 

may affect immune-modulatory functions (14). 

Other predicted changes included the addition of 2 amino acids in the carboxyl end of the 

ASFV GACD-00300 protein and 1 additional amino acid in ASFV GACD-00350. The 9-

nucleotide deletion in the B475L gene led to the loss of 3 amino acids in its amino-terminal 

region, while a single nucleotide deletion at position 586 of I196L gene caused protein 

truncation, potentially impacting its immune evasion function (15). The 50-nt deletion (from 

positions 972 to 1021) observed in the MGF 360–21R gene resulted in a truncated protein of 327 

aa instead of 357 aa. 

Single-Nucleotide Variant Analysis 

A comparative analysis between ASFV sequences from wild boar and the reference 

Georgia/2007 strain identified 15-nt differences, including 5 within the 5′ ITR, 2 in intergenic 

regions, and 8 within genic regions (Appendix Table 1). Further analysis of important genotype 

II ASF viruses revealed 20 SNP, comprising 16 nonsynonymous and 4 synonymous SNP 

distributed across 18 ORFs (Appendix Figure 5). Synonymous SNPs were observed in 4 ORFs: 

5′ ITR ASFV G ACD 01990, M1249L, B438L, and 3′ ITR ASFV G ACD 01990. 

Nonsynonymous SNPs were present in 14 ORFs, including ASFV G ACD 300, MGF 

360–11L, MGF 505–4R, MGF 505–9R, K205R, EP1242L, C717R, B263R, G1211R, O174L, 

NP419L, E199L, I267L, and MGF 360–21R. Notably, unique SNPs in the wild boar isolate were 

identified in specific ORFs relative to previously reported Indian isolates. Key mutations 

included a synonymous SNP in 5′ ITR ASFV G ACD 1990, a nonsynonymous mutation K32E in 

ASFV G ACD 300, and 2 additional nonsynonymous changes R188K and Q104H in K205R and 

E199L genes, respectively. A synonymous mutation was also detected in the 3′ ITR ASFV G 

ACD 01990. 

Phylogenetic Analysis 

A comprehensive phylogenetic analysis of complete ASFV genomes, including Indian 

isolates and 44 additional ASFV sequences retrieved from GenBank, placed the Indian isolates 

within clade 2.2.2, alongside genotype II viruses reported from 2007 to 2023 across diverse 

regions such as Georgia, Tanzania, China, Vietnam, Poland, Ukraine, East Timor Leste, Estonia, 

and Germany. This clustering highlights the relatedness of Indian ASFV isolates to other 

globally circulating genotype II strains. 

Further, a focused phylogenetic analysis of p72 genotype II viruses only revealed 

clustering of Indian isolates from Arunachal Pradesh, Assam, Meghalaya, and Mizoram in a 

discrete clade along with ASFV/Wuhan/2019. These findings underscore the genetic 

distinctiveness of the Indian ASF strains among the genotype II viruses, within the broader 

landscape of ASFV diversity and evolution. 

A phylogenetic analysis based on partial B602L gene sequences of ASFV isolated from 

Mizoram (16) and Kerala states (17) reported to formed separate clusters, distinct from other 

Indian isolates reported from Assam and Arunachal Pradesh. This was linked to 1 amino acid 

mutation in the carboxy terminus region of B602L gene However, our analysis did not show any 
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nucleotide variation in the analyzed region of B602L among Indian isolates. The reported 

nucleotide variations were located within the primer binding region (18), emphasizing the need 

for complete genome sequencing of those earlier isolates to accurately assess the genetic 

divergence among Indian ASFV strains. 

Serogrouping Based on the EP402R Gene Analysis 

Phylogenetic analysis of the EP402R gene of Indian ASFV isolates, alongside sequences 

from various serogroups, revealed a distinct clustering of all Indian isolates with other Genotype 

II viruses within serogroup 8 (Appendix Figure 3) (19). This clustering pattern aligns with the 

observed hemadsorption phenotype in HAD assay, suggesting that the CD2v protein encoded by 

EP402R remains functionally intact, with no observed mutations in this gene among Indian 

isolates. This implies that the EP402R gene in Indian isolates is conserved, likely maintaining its 

role in immune interactions consistent with other serogroup 8 viruses. 
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Appendix Table 1. Comparison of nucleotide variations observed in Indian and Chinese ASFV isolates with reference to Georgia/2007* 
Position 
per 
GA/2007 Region 

GA/2007 
(FR682468.2) Ind/MZ/WB/324 Ind/MZ/314 

Ind/AR/SD-61/2020 
(OL692744) 

Ind/AS/SD2/2020 
(OL692743) 

Ind/ABTCVSCK 
ASF001 (OM481275) 

Ind/ABTCVSCK 
(OM481276) 

China/2018/AnhuiXCGQ 
(MK128995) 

Wuhan 2019–1 
(MN393476) 

27 5′ ITR T A A A A A A A A 
33 5′ ITR C G G G G G G G G 
42 5′ ITR T C C C C C C C C 
121 5′ ITR G C C C C C C C C 
129 5′ ITR A T T T T T T T T 
468 A (DP60R)* A AT AT AT AT AT AT A AT 
742 ASFV G ACD 01990 G T T T T T T T T 
1381 IR ACC ACCC ACCC ACCC ACCC ACCC ACCC ACCC ACCC 
2958 IR TT T T T T T T T T 
4197 IR C CA CA CA CA CA CA CA CA 
6774 IR CT C C C C C C C C 
7781 IR G G G A A A A A A 
10595 MGF 110–7L A AC AC A A A A A A 
11933 IR TTCTATTAAAAAA T (Deletion of 14 nt) TTCTATTAAAAAA TTCTATTAAAAAA TTCTATTAAAAAA TTCTATTAAAAAA TTCTATTAAAAAA TTCTATTAAAAAA TTCTATTAAAAAA 
12568 ASFV G ACD 00190 GA G G G G GA GA GA GA 
14224 MGF 110–11-L- 

MGF110–14L fusion 
ACCCC A A ACC ACCC ACCCC ACCCC   

15665 MGF 110–13Lb ACCCC A ACCC A A ACCCCCCC ACCCCCCC   
17837 Intergenic region C CGGG CG CG CG CG CG C C 
17936 ASFV G ACD 00300 A ATAAAAT A A A A A A A 
17952 ASFV G ACD 00300 T C 

 
T T T T T T T 

19791 Intergenic region AGG A A AG AG AG AG AG AG 
19998 ASFV G ACD 00350 GGGGG GG GGG G G GG GG GG G 
21786 IR CA C CA CA CA CA CA CA CA 
21796 IR C CGGG CGG CG CGG CGG CGG CG CG 
27423 IR TT TT TT TT TT T T TT TT 
27619 MGF-360–11L T T T T C T T T T 
37442 MGF 505–4R G G G A G A A G G 
44576 MGF-505–9R A G G G G G G G G 
50112 IR G G G G G G A G G 
64736 K205R G G G A A A A G G 
70011 EP1242L G A A G G G G G G 
73262 IR CT CT CT CT CT C C CT CT 
74242 EP153R A A A A A A A A AAAACAA 
74327 IR C CTA C C C C C C C 
78536 M1249L C C C C C C T C C 
83868 C717R T T T T T T T T G 
97867 B438L G G G G G A G G G 
100436 B475L TACTTATAAC T TACTTATAAC TACTTATAAC TACTTATAAC TACTTATAAC TACTTATAAC TACTTATAAC TACTTATAAC 
103315 IR G GG GG GG GG G G GG GG 
109854 B263R T T T C T T T T T 
116162 G1211R C C C C C C T C C 
129418 O174L G G G G G G G A G 
129552 IR G G G G G G G A G 
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Position 
per 
GA/2007 Region 

GA/2007 
(FR682468.2) Ind/MZ/WB/324 Ind/MZ/314 

Ind/AR/SD-61/2020 
(OL692744) 

Ind/AS/SD2/2020 
(OL692743) 

Ind/ABTCVSCK 
ASF001 (OM481275) 

Ind/ABTCVSCK 
(OM481276) 

China/2018/AnhuiXCGQ 
(MK128995) 

Wuhan 2019–1 
(MN393476) 

129547 IR G G G G G G G A G 
130001 IR CATATAAACGCAT

GC 
CATATAAACGCAT

GC 
C CATATAAACGCATG

C 
CATATAAACGCATG

C 
CATATAAACGCATG

C 
CATATAAACGCAT

GC 
CATATAAACGCATGC CATATAAACGCAT

GC 
134514 NP419L T C C C C C C C C 
167129 E199L T A A T T T T T T 
168750 IR T TA TA T T T T T T 
170731 I267L C C C CT C C C C C 
170862 I267L T A A A A A A A A 
173381 IR G GTATATAGGAA GTATATAGGAA GTATATAGGAA GTATATAGGAA GTATATAGGAA GTATATAGGAA GTATATAGGAA GTATATAGGAA 
174630 IR C T T C C C C C C 
176021 I196L AT A AT AT AT AT AT AT AT 
188048 MGF 360–21R A A A A A A A A C 
188949 MGF 360–21R A Deletion of 50 nt A A A A A A A 
189843 ASFV G ACD 01990 C A A C C C C C C 
190372 3′ITR C CA CA CA CA CA CA C CA 
*IR, intergenic region. 
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Appendix Table 2. In-house designed primers used for gap-filling by Sanger sequencing 
Primer name 5′→3′ No. of bases 
ASF 176023F ATAAGCCCATTAACACTAAGA 21 
ASF 176361R ACCTTTTTTATTCAACCTAAT 21 
ASF 74392F TCACGAATCTAATTATTGGGT 21 
ASF 74865R GTATCAAATACATCATTATGA 21 
ASF 130031F TGGCACTTGATGGTTCAAGTG 21 
ASF 130379R GACCATGTACTCTGACATCAT 21 
ASF 175929F ATTATATTCGAATGTTTGTCCA 22 
ASF 176446R AGTGATATTCCACTCTGATAC 21 
ASF 189100F GAAGACAGCATGGAACTAGCA 21 
ASF 189371R ATAATTATGTTACGTCATATA 21 

 
 

 

 

Appendix Figure 1. Map of Mizoram state highlighting the districts sampled during the African swine 

fever outbreaks, along with the number of samples tested for ASFV detection in this study. 

 

 

Appendix Figure 2. Pairwise comparison of nucleotide identity of ASFV isolated from wild boar with other 

Indian isolates, along with important genotype II isolates from other regions worldwide. 
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Appendix Figure 3. Maximum likelihood (ML) phylogenetic tree of ASFV sequences based on the 

EP402R gene. Branch lengths indicate the expected substitutions per site, illustrating serogrouping and 

evolutionary relationships among ASFV isolates. 

 

 

Appendix Figure 4. Insertion of one extra tandem repeat sequence (TRS) in the extragenic region 

between I73R and I329L compared with Georgia/2007 ASFV. 
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Appendix Figure 5. Single-nucleotide polymorphism (SNP) analysis of ASFV isolates from wild boar and 

domestic pig in Mizoram compared with previously reported Indian isolates and other significant ASFV 

strains globally. 
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