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* Marmosets are used as a non-human primate model to study
autoimmune and infectious disease

e At the Stanley Center for Psychiatric Research at Broad Institute
and other research institutes, the marmoset is now being used

as a model for psychiatric disorders

* Asthe demand for marmosets increase, it becomes more important to maintain the genetic diversity of the
marmoset colonies in the US and around the world
e we can use either a genotyping chip or whole genome sequencing

* We have performed whole genome sequencing of 80 marmosets at Broad/MIT
* the SNP calls can be used a a starting point for designing a genotyping chip

 we will show how the SNP calls can be used for genetic diversity analysis

 We also present a new marmoset genome assembly that can be used for genomic analyses



A high-quality reference genome assembly is important for a model organism

In the published assembly, 5.5% of the assembly are gap regions, which disrupt almost all large genes

Ten assembly gaps in the Shank3 locus
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De-novo assembly of the marmoset genome

De novo assembly 4 Scaffolding
sequence DNA fragments paired-end reads from long-range DNA
...GCCCCTTTCAGCTTAGGCAGCCTGC interactions |
GCATTCCGGCAGGTCGTACACGTACGTACC.. e L
..CGTAGGTCACGAGATATGCGTCTGTAGTACGTG I o :

find overlaps between reads contig gap

...GCCCCTTTCAGCTTAGGCAGCCTGC

TTTCAGCTTAGGCAGCCTGCACTTGAC <« ]
| lllustration of a scaffold
contig
De novo assembly Scaffolding

2x250 PE Illumina library, 60X
coverage
Software: Discovar de-novo

Chicago library and Hic
Software: HiRise

E—

Contig N50: 74.4 Kb Contig N50: 81.1Kb
Scaffold N5O  99.8 Kb Scaffold N50: 129.2 Mb

Gap-filling

contig gap contig
CCTTGCATG NNNNNNNNAGGCTTCA

CATG ACCTGCGGT AGGC

contig from another assembly

|

CCTTGCATG ACCTGCGGTAGGCTTCA

Gap-filling

Map an external contig set to the
assembly to fill gaps
Software: GMcloser

Contig N50: 155.3 Kb
Scaffold N50: 129.2 Mb



The new assembly is 4-fold more contiguous than the reference assembly

New assembly: Shank3 RNA-seq transcripts not broken by gaps
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The new assembly now available at NCBI and annotated by Ensembl

ASM275486v1

o Callithrix i hus (whi fted ) See Genome Information for -

rganism name: allithrix jacchus (white-tufted-ear marmoset) Callithrix iacchus .

Infraspecific name: Breed: NEPRC BLAST/BLAT | VEP | Tools | BioMart | Downloads | Help & Docs | Blog
Isolate: CJ-08-46 ‘

Sex: female There are 4 assemblies for this €™ Marmoset (ASM275486v1) ¥

BioSample: SAMN07586072 e .

BioProject: PRJNA401030 See more
Submitter: Broad Institute
Date: 2017/11/06

Assembly level: Scaffold
Genome representation: full Search all categories A4 Search Marmoset... m

GenBank assembly accession: GCA_002754865.1 (latest)

RefSeq assembly accession: n/a e.g. ENSCJAG00000008892 or NTIC01038833.1:78712159-79139175 or CASK
RefSeq assembly and GenBank assembly identical: n/a

WGS Project: NTICO1

Assembly method: Discovar denovo v. 52488; Chicago/HiRise v. 1.3.0-117-g854f52f; HiC/HiRise v. 2.1.2-

Search Marmoset (Callithrix jacchus)

ad176ci8bi57 Genome assembly: ASM275486v1 (GCA_002754865.1) S —
Expected final version: no ————
Reference guided assembly: de-novo o More information and statistics

Genome coverage: 60.0x bom
Sequencing technology: lllumina HiSeq &] Download DNA sequence (FASTA) Example region

IDs: 1432951 [UID] 5620578 [GenBank] ﬁ Display your datz in Ensembl

History (Show revision history)

Comment
All assembly gaps are from paired-end information, but from different technologies. 100 bp gaps are from scaffolding by Discovar de-novo, 200 bp e C_jacchus3.2.1 (Ensembl release 91)
gaps are from scaffolding by Chicago/HiRise (Dovetail Genomics), and 300 bp gaps are from scaffolding by Hic/HiRise ... ~ more

Global statistics
Comparative genomics

Total sequence length 2,845,375,248 -
Total assembly gap length 951,100 What can | find? Homologues, gene trees, and whole genome alignments across multiple species. Q
Gaps between scaffolds 0 o More about comparative analysis e
Example gene tree
Number of scaffolds 39,944 .
rb Download alignments (EMF)
Scaffold N50 129,239,660
Scaffold L50 9
Number of contigs 88,439 Regulation
Contig N50 155,284 . . .
g What can | find? Microarray annotations.
Contig L50 5,014

0 More about the Ensembl microarray annotation strategy



SNP detection from whole genome sequences

81 marmosets alignment to reference assembly
sequenced at 30X
coverage (Broad
g ( ) ) Picard . Picard
Picard . Picard .
. _ bwa mem — CleanSam —> FixMatelnfor —— MarkDuplicat — MergeSamFiles
9 publicly available ean>a mation arkbuplicates (merge lanes)

whole genome
sequences (BCM)

SNP/indel filtering
SNP/indel calling * 15 million SNPs
SNPs Filters * 167,000 after minor

allele frequency filter
and collapsing by LD

GATK Haplotype GATK
Caller (GVCF) GenotypeGVCFs

GATK BQSR

Indels — Filters

 These 167,000 SNPs can be used as a starting point to design the genotyping chip, and ideally

should be augmented by SNPs from other colonies
 What do the genotypes at these SNP locations tell us about genetic diversity in marmosets?



How genetically diverse are the captive marmosets?

Heterozygosity
* a metric for understanding genetic variation in a population
e count nucleotides within an individual that differ between the chromosomes inherited from the parents

* NEPRC: New
England Primate
Research Center
(Broad/MIT)
CLEA (marmosets
from Japan)

from mother

from father
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ACAGGTACTGACCTACTCCGATCGGACTAGCGATCCTGACTTGCA
ACAGGTACGGACCTTCTCCGATAGGACTAGCGATCCTGACTTGCA

Company A

ave heterozygosity of all marmosets we sequenced

ave heterozygosity of humans in Africa (1 per Kb)

ave heterozygosity of humans in Europe (0.8 per Kb)

NIH These diversity estimates will change as we improve our SNP calling accuracy



How genetically diverse are the captive marmosets?

Runs of Homozygosity (ROH): contiguous lengths of homozygous genotypes from identical haplotypes inherited from parents
ROH

¥ Voo : T

from mother ACAGGTACTGACCTACTC.....CGATCGGACTAGCGATCCTGACTTGCA.....CGGTATCCAGC
from father ACAGGTACGGACCTTCTC.....CGATCGGACTAGCGATCCTGACTTGCA.....CGGAATCCAGT

200~

150~ three animals show high levels of inbreeding
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Total ROH length (Mb)
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PCA analysis shows that the colonies are genetically distinct

Principal Component 2

Company A Company A o NIH
~ SW
. _ 2. _ ° WIS
o GJO
c
o
Q.
&
(V] ON
o | O —
° TQU_ °
NEPRC S NEPRC o
= o
e — .',. o CLEA o — ‘-.. . CLEA
° o o'l ° ¢ %% e o
o0 %8 ,, oo N
§ ] e %o 3 | S, %o
| |
® L
| I | I | I I | I |
-0.4 -0.2 0.0 0.2 0.4 -0.4 -0.2 0.0 0.2 0.4

Principal Component 1 Principal Component 1



Fst (a measure of structure in populations) of three marmoset colonies
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* 88% of the total genetic variation is shared among colonies
* only 12% of the genetic variation come from allele frequency differences between colonies

* In comparison Fst between human populations is 0.15



Fst (a measure of structure in populations) of three marmoset colonies:
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SNPs can detect relatedness

Estimated Kinship Coefficient
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* known relationships
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Summary

* SNPs calculated from whole-genome sequencing allowed us to study genetic variation in
marmosets at Broad/MIT (NEPRC, CLEA, Company A)

* Heterozygosity of NEPRC marmosets is higher than in humans; we should keep the level of
heterozygosity by careful breeding strategies

167,000 SNPs can be used as a starting point for designing a genotyping chip for marmosets
* include whole genome sequences from marmosets from other colonies
e genotyping platform: Affymetrix or lllumina?

* Since marmoset blood is chimeric (contains DNA from the twin), which tissues can we use for
genotyping and whole genome sequencing? We have been using DNA from cultured fibroblasts
to address the contamination issue.
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