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Abstract

Collaborative Cross Graphical Genome

Inexpensive and fast genome sequencing has enabled the assembly of multiple intra-specific
genomes that capture more genetic diversity than any single reference assembly. It has been
widely suggested that pangenome reference assemblies, which incorporate multiple genomes
into a single representation, are the path forward, but there are few standards for, or instances
of practical pangenome representations suitable for large eukaryotic genomes. We present a
graph-based pangenome representation and an instance of it for a widely-used recombinant-
inbred mouse genetic reference population known as the Collaborative Cross. Our
pangenome representation leverages existing standards for genomic sequence
representations with backward-compatible extensions to describe graph topology and
genome-specific annotations along paths. It packs 82 genomes in a single graph
representation which directly captures important notions relating genomes such as identity-
by-descent between mouse strains, and highly variable genomic regions. The introduction of
special anchor nodes with sequence data provide a valid position-reference framework that
divided large eukaryotic genomes into homologous segments and addresses most of the
graph-based position reference issues, such as monotonicity, backward-compatibility,

spatiality. Paralleled edges between a pair of anchors contains all variants and provide
effective way for orthogonal genome comparison and visualization. Furthermore, our graph
structure allows annotations to be placed in multiple genomic contexts and simplifies their
maintenance as the assembly improves. The CC reference pangenome provides an open
framework for combining and incorporating new genome sequences and an effective
representation for searching, annotating, comparing and visualizing biological features at
different scales, which also facilitates tool chain development for downstream analysis.
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Pangenome

CCGG: A single directed, k-partite graph representation for 82 mouse genomes, including
8 founder genomes and 74 CC genomes which are mosaic of the 8 founders

Nodes: Anchors: conserved, unique 45mers with monotonically increasing order
Floating nodes, Source nodes and Sink nodes

Edges: Sequences between nodes, sequence diversity.
Path: A series of nodes and edges sharing common source and destination anchors
Gap: Sequences between two anchors

Genomic Contig: a Path from a Source to a Sink node

CCGG Overview

A) Fragment of NodeFile_Chr1.fa
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B) Fragment of EdgeFile_Chr1.fa

>LB1.41725700;{ sre”:"AG1_B1979844" , "dst” : "BB1.06417257", "strain”: [ "B74", 875", "@72", "073"
; 22°,°C","878%,"@18","811", "638", "813", "@58", "959", "B16", "@17", "818", 019", "856", "85
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L °G",°F","BB3","882°, "881°,"980", 833", "8a3", 862", 681", "987", "8@6", "849", 'BB4", "846", 80
8°,"843°,"928", "B48", "@25","623","012", "627","84@5","855","915" ]}
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>L81.41725701;{ src” :"BA1.BB417257", "dst” : "AB1 .01979846", "strain”: [ "B74", 872", "849", "064"
863", "B78", "818°,"811", "83B", "B13", "@58","059", "B16", "B17", 918", "956", "B58", "837", "852",
853", °B43", "836°, 851", "@35", "A", "868", "C", "B62", "E", "D","G", 983", 'BGA", "881°,"930", "9e3’
*8@2", *Be1", "8a7", 886", ‘985", 822", "846", "9BB", ‘829, "828", 940", 825", *823", 812", 827",
828"}
GGCAGGTACAAAGGGGAATGAGCACAGCAGACTGCCCTTCTTTTTAAATGACCTTTAGCCTCCACTTTCTACCTACGCTGTGGTGOGOGE
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Refernce Path Length(bp)

Edge Sharing

|

ABCDEFGH: 30.3 %
F:12.1%
G:11.1%
H:4.5%
ABCDEH: 4.3 %
D:23%

FG:2.2 %
E:2.2%
C:22%
ABCDEGH: 2.1 %
B: 2.0 %
ABCDEFH: 2.0 %
A:19%

ABCDE: 1.3 %
ABCDH: 0.4 %

Refernce Path Length(bp)

Sequence Sharing

B G:2.7 % (25.6 % in New Sequences)
W F:2.3%(22.0 % in New Sequences)
m D: 1.5 % (13.8 % in New Sequences)

C:0.9 % (8.9 % in New Sequences)

E: 0.9 % (8.7 % in New Sequences)
B H: 0.9 % (8.6 % in New Sequences)

A: 0.9 % (8.4 % in New Sequences)
I FG:0.1% (0.6 % in New Sequences)
m AD: 0.0 % (0.2 % in New Sequences)
I CE: 0.0 % (0.2 % in New Sequences)
I AC: 0.0 % (0.2 % in New Sequences)
m AE: 0.0 % (0.1 % in New Sequences)

ACDEH: 0.0 % (0.1 % in New Sequences)

ACDE: 0.0 % (0.1 % in New Sequences)

EG: 0.0 % (0.1 % in New Sequences)
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CCGG Graph Structure in Functional Regions

Genomic Structure: identify conserved and highly variable regions

Dusp18, Chromosome 11: 3,895,156 - 3,901,411
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Genomic Structure and Variants representation

Gabra2, Chromosome 5: 70,959,646 - 71,095,951
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CC Recombination in more than 2000 genes

Degs1 Chromosome 1: 182,275,696 - 182,282,851
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Genomic Structure of Long Gaps
Chromosome 17: 57,148,156 - 57,248,866
/%f Deletion in CC026/GeniUnc (57,148,201 bp — 57,248,731 bp) )%’
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* Reference Pangenome for the Collaborative Cross

* Graph reveals sequence commonality and diversity
* Functional variants and recombination analysis in CCGG
e (CCGQG establish a better standard for genome annotation and coordinates

* Downstream tool chains: aligners, variant calling...
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