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Supplement Experiment Methods 1 

Constructing the pan-Chr 21 VCF files 2 
We obtained the Chr 21 VCF files used to build the Chr 21 pangenomes by 3 
subsetting the full 1000 Genomes Chr 21 VCF file 4 
(http://ftp.ensembl.org/pub/data_files/homo_sapiens/GRCh38/variation_genotype5 
/ALL.chr21_GRCh38.genotypes.20170504.vcf.gz) with the bcftools view 6 
command (v1.19) (Danecek et al. 2021). We created smaller Chr 21 VCF files 7 
that contained 10, 50, 100, 250, 500 haplotypes, with each consecutive larger 8 
VCF file being a superset of the previous file. We filtered variants such that only 9 
bi-allelic SNP and indel sites were retained. 10 

Constructing the pan-Chr 21 FASTA files 11 
The Chr 21 FASTA pangenomes for Bowtie 2, BWA, and minimap2 were 12 
generated using the bcftools consensus command (v1.19) (Danecek et al. 2021), 13 
using the GRCh38 Chr 21 FASTA file 14 
(https://www.ncbi.nlm.nih.gov/datasets/genome/GCF_000001405.40/) and the 15 
VCF files described in the Constructing the pan-Chr 21 VCF section. The 16 
consensus FASTA files included the same variants as the VCF files, ensuring 17 
consistency in genome representation. 18 

Constructing the pan-MHC VCF file 19 
The pangenome of the MHC region was constructed using the maternal and 20 
paternal haplotype-resolved assembly data from the 47 diverse individuals 21 
present in the HPRC Year 1 Version 2 data freeze (https://human-22 
pangenomics.s3.amazonaws.com/index.html), in addition to T2T-CHM13 23 
(https://github.com/marbl/CHM13), and GRCh38 24 
(https://www.ncbi.nlm.nih.gov/datasets/genome/GCF_000001405.40/). Similar to 25 
other papers, we defined the MHC region on GRCh38 to span Chr 6:28510128-26 
33480000 (Huijse et al. 2023). To construct the pan-MHC VCF file, the full HPRC 27 
assemblies were aligned to the GRCh38 reference with wfmash (v0.13.0) 28 
(Guarracino et al. 2024), producing a PAF file of the alignments. The PAF file was 29 
then processed with impg (v0.2.0) (Garrison et al. 2024b) to create a BED file 30 
that contained the assembly ranges corresponding to the GRCh38 MHC region. 31 
Ranges in the BED file that were within 100k bp of each other were merged 32 
using the bedtools merge command (v2.30.0) (Quinlan and Hall 2010). We 33 
extracted the corresponding BED ranges from the HPRC assemblies with the 34 
samtools faidx command (v1.19.2) (Li et al. 2009) and then ran pggb (v0.6.0) 35 
(Garrison et al. 2024a) on the extracted assemblies, producing a GFA file of the 36 
region. Next, we passed the GFA file to the vg deconstruct command (v1.55.0) 37 
(Garrison et al. 2018; Liao et al. 2023) to create the VCF file of the region, 38 
specifying the variants to be called in reference to GRCh38. Using shell scripting, 39 
we adjusted the positions of the variants in the VCF file to reference the start of 40 



 2 

Chr 6 rather than the start of the MHC region. Lastly, with the bcftools view 1 
command, we filtered variants such that only bi-allelic SNP and indel sites 2 
remained and then normalized the variants with the bcftools norm command 3 
(v1.19) (Danecek et al. 2021). 4 

Commands 5 

Linear reference index 6 
Moni-align: moni build -f <path to FASTA> -o <path to index> --tmp-dir <path to 7 
temp directory> -t 32 8 

vg map: vg autoindex --workflow map --prefix <path to index> --ref-fasta <path to 9 
FASTA> --tmp-dir <path to temp directory> -t 32 10 

vg giraffe: vg autoindex --workflow giraffe --prefix <path to index> --ref-fasta 11 
<path to FASTA> -t 32 12 

HISAT2: hisat2-build -p 32 <path to FASTA> <path to index> 13 

Bowtie 2: bowtie2-build --threads 32 -f <path to FASTA> <path to index> 14 

BWA: bwa index -a bwtsw -p <path to index> <path to FASTA> 15 

minimap2: minimap2 -t 32 -d <path to index> <path to FASTA> 16 

Pangenome reference index 17 
Moni-align: moni build -r <path to FASTA> -o <path to index> -v <path to VCF> --18 
tmp-dir <path to temp directory> -t 32 -H 12 -S <path to sample list> 19 

vg map: vg autoindex --workflow map --prefix <path to index> --ref-fasta <path to 20 
FASTA> --vcf <path to VCF> --tmp-dir <path to temp directory> -t 32 21 

vg giraffe: vg autoindex --workflow giraffe --prefix <path to index> --ref-fasta 22 
<path to FASTA> --vcf <path to VCF> --tmp-dir <path to temp directory> -t 32 23 

HISAT2: hisat2_extract_snps_haplotypes_VCF.py --non-rs <path to FASTA> 24 
<path to VCF> <path to SNP file> 25 

HISAT2: hisat2-build -p 32 --snp <path to SNP file> <path to FASTA> <path to 26 
index> 27 

Bowtie 2: bowtie2-build --threads 32 -f <path to FASTA> <path to index> 28 

BWA: bwa index -a bwtsw -p <path to index> <path to FASTA> 29 

minimap2: minimap2 -t 32 -d <path to index> <path to FASTA> 30 

Alignment 31 
Moni-align (MHC): moni align -i <path to index> -o <path to SAM> -1 <path to 32 
mate 1> -2 <path to mate 2> -t 32 --log-file <path to log> -w 10 -v 5 -f -d -S 1000 33 
-u -a 34 
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Moni-align (Chr 21): moni align -i <path to index> -o <path to SAM> -1 <path to 1 
mate 1> -2 <path to mate 2> -t 32 --log-file <path to log> -w 10 -v 5 -f -d -S 2000 2 

vg map: vg map -t 32 -d <path to index> -f <path to mate 1> -f <path to mate 2> -3 
-surject-to sam > <path to SAM> 4 

vg giraffe: vg giraffe -t 32 -Z <path to GBZ> -m <path to MIN> -d <path to DIST> -5 
f <path to mate 1> -f <path to mate 2> -o SAM > <path to SAM> 6 

HISAT2: hisat2 -p 32 -x <path to index> -1 {path to mate 1} -2 <path to mate 2> -7 
S <path to SAM> 8 

GraphAligner: GraphAligner -t 32 -g <path to vg graph> -f <path to mate 1> <path 9 
to mate 2> -a <path to GAM> -x vg 10 

Bowtie 2: bowtie2 --threads 32 -x <path to index> -1 <path to mate 1> -2 <path to 11 
mate 2> -S <path to SAM> 12 

BWA: bwa mem -t 32 <path to index> <path to mate 1> <path to mate 2> <path 13 
to SAM> 14 

minimap2: minimap2 -t 32 -ax sr <path to index> <path to mate 1> <path to mate 15 
2> <path to SAM> 16 
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