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Comprehensive Structural Genomic Analysis
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dGH™: Single Cell Measurements of Many Cells

dGH In-Site™ (Localized)

10Kb Inversion between edits

Edits and Integrations

dGH SCREEN™ (Unbiased)
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dGH™: Single Cell Measurements of Many Cells

dGH In-Site™ (Localized)
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dGH™: Single Cell Measurements of Many Cells

dGH SCREEN™ (Unbiased)
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Single CeII Measurement of Many Cells

Hundreds (or
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Chromatid Painting with dGH™
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Williams, E., & Bailey, S. (2009). Chromosome Orientation Fluorescence In Situ Hybridization (CO-FISH)



https://pubmed.ncbi.nlm.nih.gov/20809311/

A Complete Measure of Outcomes Requires dGH
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Case Study: Two Concurrent Edits of the P53 Gene Loci

« 3 Copies of p53 gene :
« 2 Edits '
« 6 Double Strand Breaks

No Rearrangement

Chr17 with deleted p53
N

Measuring and Monitoring CRISPR-Cas9 Off-Target Effects with Directional Genomic Hybridization™ (dGH™) Authors: Erin Cross, Molishree Joshi, Stephen Hu
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Case Study: Two Concurrent Edits of the P53 Gene Loci

¢ No Rearrangement O

. Inversion of p53

o

b Chr17 with no p53
E
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Measuring and Monitoring CRISPR-Cas9 Off-Target Effects with Directional Genomic Hybridization™ (dGH™) Authors: Erin Cross, Molishree Joshi, Stephen Hughes



Case Study:

Two Concurrent Edits of the P53 Gene Loci
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Measuring and Monitoring CRISPR-Cas9 Off-Target Effects with Directional Genomic Hybridization™ (dGH™) Authors: Erin Cross, Molishree Joshi, Stephen Hughes



Case Study: Characterization of Integration Events
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Example of unedited human fibroblast control line cell showing bracketing probes on chromosome 22‘ ’))
dosimetry paints on chromosomes 1, 2 and 3 and no inserts



Case Study: Characterization of Integration Events
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A cell from the edited iPS sample with a single on-target insert in inverted orientation.
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Case Study: Characterization of Integration Events

Yellow = Off-Target Insert
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Case Study: Characterization of Integration Events

Yellow = Off-Target Insert R
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Average ICN per cell: 7.8

« On-target only: 2%

« On-target plus off-target: 14%

- Off-target only: 77%

* No Integrations: 7% "))



Case Study: Characterization of Integration Events

10 Kb Internal Size
Control probe (Chr8)

ICNe — ST /SC

Off-Target
Integrations

On-Target
Integration

{
©)



Case Study: Characterization of Integration Events
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Case Study: Undirected DNA Damage

Ionizing Radiation-induced DNA Damage (dGH)
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Increased rearrangements during spaceflight
consistent with reported radiation doses

Inversions remain elevated, suggestive of on-
going instability damage to stem cells, clonal

hematopoiesis.
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https://www.science.org/doi/10.1126/science.aau8650
https://www.npr.org/2019/04/12/712607005/scientists-share-results-from-nasas-twins-study

Case Study: Estimating Baseline Structural Variation

1.400

SVs in human blood-derived lymphocytes
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Figure 1: Whole chromosome 1, 2 and 3 paints hybridized to a metaphase Figure 2: Blood samples from young adult controls were irradiated with Cs-
spread from a human peripheral blood sample irradiated with 2Gy Cs-137 137 gamma rays to establish a dose response (calibration) curve. Males in
gamma rays. Structural rearrangements identified by Directional Genomic their mid-20’s were selected to account for age at exposure. Inversions
Hybridization denoted by arrows. (red) had a higher natural background rate compared to translocations

(blue); however, inversions formed at a higher rate per unit dose. |

Chromosome Translocations, Inversions and Telomere Length for Retrospective Biodosimetry on Exposed U.S. Atomic Veterans - PubMed (nih.gov)



https://pubmed.ncbi.nlm.nih.gov/30714852/

Case Study: Estimating Baseline Structural Variation
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https://pubmed.ncbi.nlm.nih.gov/30714852/
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Case Study: Whole Chromosome Mapping
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Case Study: Un-Sequenceable Rearrangements
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Case Study: Un-Sequenceable Rearrangements
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Case Study: Measuring Recurrent Translocations and Inversions
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WG Analysis for the NIST Genome Editing Consortium

Whole genome dGH analysis of the "Genome in a Bottle” progenitor cell line in
preparation for engineering of large variant controls by NIST partners

Previous GM24385 Genome Structural

GM24385 LCL from B-Lymphocyte
Characterization:
Description: / - ° H H .
Karyotyping (Corel):
Sex: Male * prlmarlly dlplOld
Age: i i  Potential inversion on 3g26.3g29

2 * Sequencing (GiaB Consortium):

Overview | Characterizations Publications | Culture Protocols
* Numerous large CNVs

Remark Participant (huAA53EQ) in the Personal Genome Project: http://www.personalgenomes.org history of
Blue rubber bleb nevus syndrome; central serous chorioretinopathy; cystoid macular degeneration; * No inversion or tra nSIOcation variant ca | IS
hemangioma; migraine with aura; narcolepsy; sleep paralysis; same subject as GM26105 (stem cell
from LCL) and GM27730 (stem cell from PBMC); mother is GM24143 (Lymph) and GM26077 (stem * Whole chromosome dGH on C3
cell); father is GM24149 (Lymph). . . .
* Confirmed inversion on 3926.3929

* Discovered telomeric inversion on 3q
* Discovered centromeric inversion on 3¢



Case Study: Cell Line Stability

Some rate of potential intra-chromosomal CNV &:',gf ‘I.*f E -
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https://www.coriell.org/0/Sections/Search/Sample_Detail.aspx?Ref=GM24385&Product=CC
https://www-s.nist.gov/m-srmors/certificates/8391(QTY10).pdf
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Case Study: Cell Line Stability
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https://www.coriell.org/0/Sections/Search/Sample_Detail.aspx?Ref=GM24385&Product=CC
https://www-s.nist.gov/m-srmors/certificates/8391(QTY10).pdf
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Case Study: Cell Line Stability
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https://www.coriell.org/0/Sections/Search/Sample_Detail.aspx?Ref=GM24385&Product=CC
https://www-s.nist.gov/m-srmors/certificates/8391(QTY10).pdf

Case Study: Cell Line Stability

Chr 16q Inversion
« small, mid-arm
« Observed in 37% of cells

Chr 16p Inversion
* small, mid-arm
« Observed in 19% of cells

Chromosome 16 translocations

(~4%)
» Non-reciprocal, balanced and
unbalanced

« Partners Chr7 and Chr10

Chromosome 16 Complex Structural Variation in p18 indicates transformation and instability of cell line %'&
Q

.
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Whole arm

deletion

* Observed in
11% of cells

Chromosome 16 multi-
radial association
« Observed in 4% of cells

Decondensed/

elongated

centromeres and iso-

chromosomes

e Observed in 22% of
cells
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Chr 3q Inversion 2 (26%)

Chr 3q Inversion 3 (13%)

Chr 3q Inversion (7%)

Recurrent Inversions: Location, Size, and Prevalence

Chr Xq Inversion (67%)

large, telomeric

Small, mid-arm

Small, telomeric

®
’
3
t

Small, telomeric

Chr 19q Inversion (65%)

Mid-size, centromeric

Chr 8p Inversion (52%)

Mid-size, mid-arm

Chr 12p Inversion (26%)
* Mid-sized, centromeric

Chr 12p Inversion 2
(30%)
* small, telomeric

N
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Case Study: Cell Line Stability

Differentiation from P12 to P18 Recurrent Inversions
I T :
Monosomy 1 ? P18
Trisomy 1 1 60 P12
Recurrent Inversions 1 0.033 p— :
Translocations 1 0.8 jz H
Large insertions 1 1 12 ] ! I
Complex events 1 3.9

From passage 12 to 18 the culture is unstable but there is signs that
clonal outgrowth of a more stable variant is beginning.



Whole Genome E-Band
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Case Study: Discovery & Identification of SV in Udx Patients

Involved Genes:

* DCTN1 (2p13.1)

* Previously identified by WGS in Udx
patient and offspring to have point
mutations.

 DCTN1 gene mutations are associated
with distal motor neuronopathy type
VIIB.
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From Sample to Target

dGH SCREEN™ (Unbiased) dGH DSCVR™ (Unbiased) dGH In-Site™ (Loci)
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PinPoint FISH Probes and
Chromosome Paints from
KromaTiD

Kroma



