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The current human reference fails to faithfully represent a single individual genome
much less the genomes of a global population.

- The human reference genome is a

| RP11 hap1 | foundational resource in human genetics and
UGT2B17 . . .
like most technology-driven resources, is
| RP11 hap2 | overdue for an upgrade.
Y e o , g - The current structure is a linear monoploid
'~ 2 h ’ representation containing mixed
9 ‘. { ® % haplotypes with too many gaps and
° | q \ ° errors. Additionally, the underlying
» - . i i
09 * sequence is predominately from a single
% individual.
I UGT2B17 present
I UGT2817 deleted

- Mapping limitations of short reads and
inherent reference biases means we have
missed more than 70% of structural variants
in traditional whole-genome sequencing

Xue et al, 2008 studies



Human Pangenome
Reference Consortium

e Improve representation of global genomic
diversity (>350 diverse diploid references)

e Prioritizing quality: we aim to release a complete
(T2T) and comprehensive map of genome variation

* Develop a new, non-linear reference data
structure and foster an innovative ecosystem of
pangenomic tools

e Qutreach, Education and Implementation



Multi-Center Sequencing Technology and Production:

Optimized for Efficiency and Quality

Cell line stability/QC
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Optimized and Consistent Long-Read HiFi Production

@ PACBIO"
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Forefront of ultra-long read sequencing innovation

A S .

Oncford

NANOPORE

lechnologies

UG SHNTR GRUZIAsesre

socirculomics

Mumber of Bases (Gb)

2020
Read N50 ~76 kb
~9X coverage per flow cell
~3.5X coverage in 100 kb+

80 160 240 320 400
Read Length (kb)

480

2021
Read N50 ~73 kb

~30X coverage per flow cell

~9X coverage in 100 kb+

Number of Bases (Gb)

0

80 160 240 320 400 480
Read Length (kb)

3Xx increase in
throughput
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Overview

Population Sampling and Representation (Phase 1): We are representing
>99.9% common SNVs (1%) in the 1000 Genomes lines. (Phase 2) We are
In position for perspective recruitment of remaining 150 individuals (BioMe)

Sequence Technology and Production: Highly efficient multi-center
production effort, automated assembly and quality assessment
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150 Genomes
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'— 110 New Recruitment

60 1000 Genomes;
30 New Recruitment

Reference Data Production
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Innovation in Long Read Assembly Methods

T— e 1

We have assembled the leaders in long-read
assembly methods, with an emphasis in researchers
iInvolved in finishing and repeat assemblies.
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Earth’s heart of iron begins ‘ Microglia in chronic pain recovery | ! Particle acceleration * SPECIALISSUE
toyield its secrets p.1s and relapse pp.33&86 | | | inanovaexplosion p.77 C I ® h h
‘.
- \ ompleting the human genome
A $15 L T
éﬁ:g:kf?ggw The complete sequence of a human genome = [
‘-. science.org BY SERGEY NURK, SERGEY KOREN, ARANG RHIE, MIKKO RAUTIAINEN, ANDREY V. BZIKADZE, ALLA MIKHEENKO, MITCHELL R. VOLLGER, NICOLAS ALTEMOSE, LEV
URALSKY, ARIEL GERSHMAN, [..] ADAM M. PHILLIPPY +89 authors * 31 MAR 2022 : 44-53
- - 3 AVAAAS
5
- N
~
Ny
. . . & T
- ~ Epigenetic patterns in a complete human genome = [
b y BY ARIEL GERSHMAN, MICHAEL E. G. SAURIA, XAVI GUITART, MITCHELL R. VOLLGER, PAUL W. HOOK, SAVANNAH J. HOYT, MITEN JAIN, ALAINA SHUMATE, ROHAM
-’ RAZAGHI, SERGEY KOREN, [...] WINSTON TIMP +9 authors = 01 APR 2022 ]
1 e Closing in on a complete Segmental duplications and their variation in a complete human genome = [
L} —/ human genome p.42 BY MITCHELL R. VOLLGER, XAVI GUITART, PHILIP C. DISHUCK, LUDOVICA MERCURI, WILLIAM T. HARVEY, ARIEL GERSHMAN, MARK DIEKHANS, ARVIS SULOVARI
KATHERINE M. MUNSON, ALEXANDRA P. LEWIS, [...] EVANE. EICHLER +9 authors = 01 APR 2022
From telomere to telomere: The transcriptional and epigenetic state of B = 0O

human repeat elements

BY SAVANNAH J. HOYT, JESSICA M. STORER, GABRIELLE A. HARTLEY, PATRICK G. S. GRADY, ARIEL GERSHMAN, LEONARDO G. DE LIMA, CHARLES LIMOUSE, REZA

HALABIAN, LUKE WOJENSKI, MATIAS RODRIGUEZ, [...] RACHEL J. O’NEILL +16 authors = 01 APR 2022

A complete reference genome improves analysis of human genetic variation = [

BY SERGEY AGANEZOV, STEPHANIE M. YAN, DANIELA C. SOTO, MELANIE KIRSCHE, SAMANTHA ZARATE, PAVEL AVDEYEV, DYLAN J. TAYLOR, KISHWAR SHAFIN, ALAINA

SHUMATE, CHUNLIN XIAQ, [..] MICHAEL C. SCHATZ +22 authors + 01 APR 2022

Complete genomic and epigenetic maps of human centromeres H

BY NICOLAS ALTEMOSE, GLENNIS A. LOGSDON, ANDREY V. BZIKADZE, PRAGYA SIDHWANI, SASHA A. LANGLEY, GINA V. CALDAS, SAVANNAH J. HOYT, LEV URALSKY,

FEDOR D. RYABOV, COLIN J. SHEW, [...] KAREN H. MIGA +48 authors » 01 APR 2022
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Paternal Quality

Automated assembly standards: High-quality References

— S

We tested the current best practices in sequencing technologies and automated

assembly algorithms on one human sample, HG002, an openly- consented Ashkenazi
individual from the Personal Genome Project
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One genome is not enough....
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Populatlon Sampling and Representation

]g.nw | |

y: Goals:
n i"ﬁ 5 . Establish a framework to define diversity and prioritize cell lines from
it = ! 350 globally diverse participants to build a new pangenome reference =
‘ . Aim to capture most common variants, defined as variants at >1%
g = frequency, in human populations globally
S -
iy Challenges:
. \ - _
phow!
'+ Incomplete understanding of the full spectrum of human genetic diversity w |
) = ¥ —_—
£ i * Not one way to define diversity in this study: multiple well motivated y N
v { “

Lo, e approaches proposed for sample selection




Phase 1 HPRC Sample Selection

Phase 1 Production: 150 total lines

Admixed East Asian (EAS)
M American 30, 20%
L] Cover genetic and geographic diversity (AMR)

~\ European (EUR)
8, 5%

. 37, 25%
EMHSAM. EE.NMES M Availability of low passage cell lines

L South Asian (SAS)
| Availability of trios/parental data (YR1-2) 30, 20%

ceug EAS SAS AFR EUR AMR
| -KH'u' -n-u -TRI -ras -MxL
-CHS -G|H-LWK-GBH-PUR
-JP'I -BEB--"-SWI:IF'N -PEL
-CHB -PJL -MB -TSI -CLM
-c:rx EI'LI-ESN

-MSL

-GWD

African (AFR)
45, 30%
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Cell Lines in Production
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BioMe —
TmBhl?:y is our Futur "IMH_..E':!‘:“'AIﬁ
paricipnnts oull Mount Sinai's BioMe
| g ¥ BioBank:
A >70,000 participants from 160
: A countries, with sequencing data
2=, M Oceania ’a for more than 40,000 participants
- J LY .*
-
.‘ a ’_:‘ —m At

Washington University,
St. Louis Recruitment

Center:
New recruitment from African
American communities
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Phase 2: Prioritization of New Participants

i T— ]

* Model 1: Maximizing common variant diversity
Leveraging sequence data, iteratively select samples that maximize common variant coverage in
an out-of-sample dataset

- Model 2: Maximizing genetic divergence
Using sequence/array data, plot PCA and select participants to represent the continuum of
genetic dissimilarity in principle component (PC) space

- Model 3: Targeting underrepresented populations based on self-reporting/

geographical data
Using country-of-origin data, designate countries/subcontinental regions of interest to the project,
and select participants from those regions



Embedded
Ethics Team

* Formal Review of Consent Language (compatibility with 1000
genomes consent)

* Design and review of outreach materials for prospective
recruitment

* Alignment with internal ethics/genomic review board at BioMe

» Review of the use of external IRB (T/ BRANY)
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Improving Population Sampling and Representation

Continue reference production of 1000 genomes (200/350)

Move away from dependency on trios (priority based on genomic
diversity) Establish new assembly methods that do not rely on parental

data

L el “ Launch new recruitment efforts and establish 100 new LCLs
Bl Y (NHGRI Collection: Human Pangenome) outside of 1000 Genome

IR} :'f:' L I .
e, Cell lines
ATt R R

Establish new collaborations and international partnerships



The Human Pangenome

Alignments of high-quality assemblies were
performed using three different methods, pioneered
by our team:

Minigraph (Li et al., 2020),
Minigraph-Cactus (MC)
PanGenome Graph Builder (PGGB).
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HLA-A: Aligning Complex Pangenome Loci

o=~ = 9
HLA-A
GRCh38
HLA-Y
HCG4B . e W
\ HLA-K "~ U S
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HLA-H ¥ iy HGSY pr oo
HLA-J HLA-H/HCG4B/HLA-K/HLA-U de
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Applications

C

Proportion of peaks found only in MC D H3K4me1 peaks on heterozygous SVs
51 1024-

B

Percent of total peaks
[#5]

Adjusted read count on alternative allele
Y]
o
e = oefeigm

2,
14 o
21 e 'eeeesd
]
0-
raKdme? H?ﬁ::c ARG Aidjusted readIEnunt on r;fg?ance alle:g 24
A pangenome approach captures A pangenome approach allows annotation

annotation missing in a linear reference at heterozygous structural variant sites



Remaining challenges

O .

 Sample selection and resource development

* Ensuring this project is truly international in scope

* Ensuring that we common (> 1% MAF) variation is included

* Development of usable cell lines (iPSCs, LCLs, etc) for experimental work
 Pangenome implementation

« Will one graph representation rule them all, or do we need different graphs for
different applications?

* Pangenome adoption

* In a world where many people still use GRCh37, how do we encourage adoption of
this resource?
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