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Supplementary Fig. 1. Data summary of cattle genomic assembly. 

(a) Read length distributions of ONT ultra-long and PacBio HiFi methods. Each bar 

indicates the N50 read length of a separate sequencing flow cell.  

(b) Read yield distributions of ONT ultra-long and PacBio HiFi methods. Each bar 

indicates a separate sequencing flow cell.  

(c) Length distribution of the total ONT ultra-long reads.  

(d) Nanoplot of raw ONT ultra-long reads. 

(e) Flow chart of the genome assembly pipeline. 

(f) Continuity of ultra-long reads assembled contigs.  

(g) Read coverage of NCBA_BosT1.0 by ONT ultra-long reads and HiFi reads. 

(h) Influence of GC content on genome coverage of three sequencing methods. 
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Supplementary Fig. 2. Correctness evaluation of the new assembly. 

(a) Global 3D genome heatmaps of the new assembly by in situ Hi-C. 

(b) base-level accuracy evaluation of the new assembly. 

(c) Summary of recently assembled genomes related to bovine. 
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Supplementary Fig. 3. Properly placed scaffolds of ARS-UCD1.2 in 

NCBA_BosT1.0. 

Top fifty scaffolds of ARS-UCD1.2 according to their sequence length were shown. 

Information of all properly placed scaffolds were stored in Table S2. 
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Supplementary Fig. 4. Gene length distributions of five species. 

(a) Distribution of the gene lengths of five species. 

(b) Distribution of the CDS lengths of five species. 

(c) Distribution of the exon lengths of five species. 

(d) Distribution of the exon numbers per gene of five species. 

(e) Distribution of the intron lengths of five species. 

(f) Distribution of the intron numbers per gene of five species. 
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Supplementary Fig. 5. Functional annotation of predicted genes in 

NCBA_BosT1.0. 

(a) GO annotation of predicted genes. 

(b) KEGG Ortholog annotation of predicted genes. 

(c) Venn diagram of genes annotated to KOG, GO, KEGG, NR and Swiss-Prot. 
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Supplementary Fig. 6. Immune gene loci in NCBA_BosT1.0 assembly. 

The IG, TR, MHC genomic loci and NK receptor loci dispersed in eight chromosomes. 

The genomic coordinates for each locus were labeled and the gaps between contigs 

were annotated too. All immune loci were seamlessly assembled. 
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Supplementary Fig. 7. IGH loci in ARS-UCD1.2. 

(a) Genomic organization of IGH loci in ARS-UCD1.2. The gene segments of V, D, J 

and C were labeled using different colors. 

(b) Detailed diagrams of IGH gene structures and annotations in three regions, 

including chromosomes 20, 21 and unplaced scaffold NKLS02001456.1. 
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Supplementary Fig. 8. Criteria for IG/TR gene structures and functionality 

annotation. 

(a) Sequence conservation logos were created with recombination signal sequences of 

all functional cattle genes from IMGT by WebLogo software. 

(b) Criteria for determining the functionality of an IG/TR gene. The functionality of an 

IG/TR gene is defined as functional (F), Open Reading Frame (ORF) or Pseudogene 

(P) based on the sequence analysis. 
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Supplementary Fig. 9. Ultra-long reads coverage of IGH locus. 

(a) Global view of the IGH locus covered by ONT ultra-long reads. 

(b) Enlarged tandem repeat regions of IGH locus. The repeated regions were 

represented as blue and red rectangles in KT723008 and NCBA_BosT1.0, 

respectively. In newly assembled NCBA_BosT1.0, there is a deletion of tandem 

repeat [IGHDP-IGHV3-(IGHDv)5/6] in IGH locus, which was labeled as gray 

rectangle. 
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Supplementary Fig. 10. Dot plots between two IGH genomic sequences. 

(a) Dot plot of the IGH genomic sequence in NCBA_BosT1.0 assembly. The repeated 

regions were labeled as rep1-1 and rep1-2.  

(b) Pairwise alignment between IGH in NCBA_BosT1.0 and previously reported IGH 

sequence (KT723008). The three tandem repeats in KT723008 were labeled as rep2-1, 

rep2-2 and rep2-3. 
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Supplementary Fig. 11. Detailed annotation map of IGL locus. 

(a) Elaborate gene structures of IGL locus in NCBA_BosT1.0 assembly. 

(b) Read coverage by ONT ultra-long reads in the IGL genomic region. 
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Supplementary Fig. 12. Enlarged alignment map of IGL J-C cluster region and 

annotation map of IGK locus. 

(a) ONT ultra-long reads that longer than 100 Kb were aligned back to the IGL locus, 

and four separate ONT ultra-long reads that span over the entire IGL J-C cluster region 

were labeled with asterisk. 

(b) Genomic coordinate and organization of IGK locus were depicted. The newly 

identified IGKV genes in NCBA_BosT1.0, compared to ARS-UCD1.2, have been 

assigned provisional names while retaining the established IMGT nomenclature. And 

the names of these genes were marked with asterisk in the figure. ONT ultra-long reads 

that longer than 100 Kb and the mapping to the genomic region were drawn. 
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Supplementary Fig. 13. Global genetic and alignment map of the TR loci. 

(a) Genomic coordinate and organization of TRA/TRD loci were annotated. The 

remaining two gaps within the TRA/D V gene region were depicted too. 

(b) Genetic map of TRB locus in chromosome 4. TRB locus resides within contig23 

and ONT ultra-long reads that mapped to the genomic region were drawn. 

(c) Genetic map of TRG locus in chromosome 4. TRG contains two separate gene 

clusters: TRG1 and TRG2, that are 32 Mb distant away from each other. ONT ultra-

long reads that mapped to the genomic region were drawn. 
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Supplementary Fig. 14. Phylogenetic analysis of the V genes. 

Phylogenetic tree of all functional IG and TR V genes. V genes of human, mouse and 

cattle were merged together and clustered well according to their biological classes. 
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Supplementary Fig. 15. Genomic assembly and haplotyping of MHC locus. 

(a) Genomic coordinate and annotation of MHC I and MHC II. ONT ultra-long reads 

that mapped to the genomic region were drawn. 

(b) Sequence alignments between two haplotigs and the MHC genomic region. Colors 

indicate the sequence identity of the alignments. 
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Supplementary Fig. 16. Global genetic maps of the NK receptor loci. 

(a) Genomic organization and detailed gene annotation of NKC loci in ARS-UCD1.2 

and NCBA_BosT1.0.  

(b) Genomic organization and detailed gene annotation of LRC loci in ARS-UCD1.2 

and NCBA_BosT1.0. ONT ultra-long reads that longer than 100 Kb and the mapping 

to the genomic region were drawn. The differences between the two genomes were 

labeled as orange rectangles. 

 


