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Stephanie Intro

Thank you, Stephanie,
I would like to personally welcome all of you to this the, fifth webinar in our series about directional Genomic Hybridization or dGH.  
In our first three webinars, we focused on the dGH technology,  introducing our dGH Screen and dGH in-Site services, 
And then in January, to coincide with the world-wide launch of simple dGH Kits you can use in your own labs, we focused on applications for CAR-T, where dGH can provide unique and essential data on the structural genomic outcomes from gene editing and transgene insertions.

With that launch under our belts, we are now beginning the beta testing of dGH Screen kits.  More importantly, in just a few weeks, we are going to launch hundreds of catalog dGH in-Site probes and also a service to design custom dGH Assays for use in your own lab.

In a few minutes Ivan Perez will take over to walk you through – at a relatively high level – how to run the dGH method and  also to discuss the few simple operational differences between dGH and the other meta-phase methods, such as metaphase FISH, that may be more familiar to you.  
For those of you who are experienced in personally running metaphase or FISH assays, Ivan will also point out a couple of potential “gotcha’s” to pay attention to as you begin running dGH assays yourself.

But before Ivan takes over, I thought I would introduce the basics of dGH, show you a bit of data and discuss why you might choose dGH over other metaphase methods.
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dGH is a classic ISH or in situ hybridization method where we use single stranded, fluorescently labeled probes to map out the structure of genes, chromosomes or even whole genomes.
Here in cartoon view, you can see three variations of dGH 1) Screen, 2) Discover and 3) Insight.  The blue color represents a DAPI stain and the pink, yellow, red and green represent fluorescent probes hybridized to unique sequence in the genome.

All dGH assays use the same cell culture, hybridization and imaging methods and only differ in the color patterns and probe coverage.
 Starting from the Left, dGH SCREEN employs 10 million individual hybridization probes targeting all of the unique sequence in a genome to generate an unbiased map of the structure and any structural variation in the genomes of single cells.

dGH DSCVR uses these same 10 million probes, but labeled in alternating colors to produce a banded pattern that is ideal for precisely locating those structural variants and for identifying their breakpoints.

dGH In-Site, then is a localized version of dGH, it uses the same probes, just fewer of them, to map out the structure of specific targets.  So, while screen is typically used to map the structure of chromosomes, In-Site is used to map the location and structures of genes and transgenes, for instance the TRAK and B2M genes so important to CAR-T.
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Let's look at a real piece of CAR-T data to see how this works in practice.  This is a human T-Cell from a doner where the TRAC and B2M genes have been modified by CRISPR editing.

In the center is the metaphase chromosome spread from the nucleus imaged at 1000X using fluorescence microscopy.  
On the left side, we have enlarged one homolog of chromosome 14 and one homolog of chromosome 15, each showing the normal unbroken signals of an unrearranged TRAK and B2M gene.
On the far right, however, you can see enlargements of the two chromosome partners from a balanced translocation with break points at the edit sites in TRAK and B2M as indicated by the fused red and green signals.

Because dGH is inherently single cell, all of this data is provided in the context of individual homologs and individual cells and you detect rare variants by analyzing the genomes of larger numbers of individual cells. 

For reference, if you analyze 200 cells, you can measure the occurance of rare variants with about a 1% lower limit of prevalence.
�


dGH™ is Chromatid Painting (not Metaphase FISH)
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With any metaphase method, you can detect some structural variants such as monosomy, 

but only with dGH can you measure the the sequence, location and ORIENTATION of any target in the genome.
This means that with dGH you can detect all classes of structural variants - including inversions - and map where they occur in the genome

dGH is able to provide a complete measurement of structural variation because it differs at a vary fundamental level from standard metaphase FISH methods. 
And in fact, while they appear as standard metaphase chromosomes on a microscope slide, a dGH metaphase is specially prepared to provide this much richer and deeper image data.

To prepare a dGH chromosome, we add a nucleotide analog into cell culture which is incorporated into the replicating DNA strands and then we arrest the cells in metaphase prior to division.
This analog provides nick sites which allow us to degrade and strip the newly replicated daughter strands, leaving a metaphase chromosome with not four strands of DNA, two parental and two daughter, but only the two parental strands remaining,

These parental DNA strands are naturally oppositely oriented, one 3’ to 5’ and one 5’ to 3’.
We then probe or paint the dGH Metaphases with tiled, single-stranded, synthetic DNA probes designed to hybridized to one strand only as shown here. 

Where you see a jump in signal, from the painted side to the opposite unpainted sister chromatid, that pattern change indicates a change in orientation or an inversion as the probes follow their target from one chromatid to the other.
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You can see that principle using real data on this slide.

This is a blood lymphocyte showing potential radiation damage. 
The metaphase spread has been arranged in a Karyogram view, similar to G-Banding

On the right, I have enlarged some interesting features from the structural map.
First, we have one homolog of chromosome 2 where the unbroken signal on the two arms indicates a normal structure for this chromosome.
However, In the center on one homolog of chromosome 1, you can clearly see the jump in signal I described previously, here indicating a telomeric inversion 
And last, a dicentric translocation, in this case a whole chromosome fusion of Chromosomes 17 and 19.  And if you look carefully, you can see the missing chromosome 19 in the karyogram.



Key Points

1. Traditional FISH workflow

2. dGH workflow

3. Key differences (process and data)
4. Closer look at dGH probes

5. Closer look at dGH samples
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Ivan Perez:
Thank you, Chris, and hello to our audience. It’s very nice to speak with you today.
Since entering the field of cytogenetics in 2007, I’ve run various FISH assay methods, including traditional FISH, and now dGH.
Today, we’re going to explore both of those testing methods, looking at how each is performed and discussing what the differences and similarities are.
We’ll start with a review of the traditional FISH workflow, then contrast that with the dGH workflow.
We’ll look at what makes dGH probes and dGH samples special, and then touch on sample imaging.
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Traditional Fluorescence In Situ Hybridization (FISH).
We begin with cells growing in culture. At this point they are alive and dividing.
The culture is harvested, during which two important things happen that will be important for both metaphase FISH and dGH.
The first is that the cells are incubated in a hypotonic solution, which will cause them to swell.
The second is that cells are exposed to a mitotic blocker, such as colcemid. It binds to tubulin proteins in the cells, preventing spindle fiber formation and segregation of chromosomes to the centrosomes. Cells proceeding through their cell cycle condense their DNA into chromosomes but are then unable to move past metaphase.
So, by the time culture harvest is complete the cells are enlarged and contain chromosomes.
The cells are next “dropped” onto glass slides. Lysis of both cellular and nuclear membranes must occur to have visible chromosomes.
Very controlled ambient conditions ensure that when these swollen cells release their contents, both their size and the high ambient humidity allow the chromosomes enough time to spread out. Now we have metaphase spreads.
With the DNA exposed on the glass, FISH probe is applied over the cells. The slides are then coverslipped and typically sealed with rubber cement around the edges of the coverslip.
The probe DNA and sample DNA are now in contact with one another, but there is a problem. The DNA must be denatured, or “melted” before probe DNA can locate and bind to its target locus. This is accomplished by heating.
Denatured now, probe and sample DNA are left to anneal for several hours.
A post-hybridization wash will follow, removing unbound or partially bound probe and debris, after which the sample can go to a microscope for imaging.



Example FISH Image

Example of FISH hybridization outcome.

Fluorescence is seen in the subtelomeric
region of the g-arm of chromosome 21.

The corresponding target site on each of
the two chromatids fluoresces with its own
signal.
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Here, we can see the hybridization outcome of FISH.

The probe applied here targets adjacent to the q-arm telomeric repeat sequences of chromosome 21.

Each homolog is composed of two chromatids, and each chromatid bears a fluorescent signal at the probe’s target locus.
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directional Genomic Hybridization (dGH™)
The traditional FISH method is the backbone of the dGH method, as you can see in the similar sequence of steps of the two workflows.
 
In dGH, cells begin at the same place – they’re alive and dividing. However, before the colcemid, dGH media additive will be introduced into the culture. This component will alter the formation of the daughter-strands during the next cell cycle.
 
The harvest moves forward as before, as well as the sample drop.
 
 
However, once the sample is on the slide, the dGH process takes a detour in that the sample receives ultraviolet irradiation.
Due to the dGH media additive incorporated into the daughter strands, they are more vulnerable to the UV exposure and acquire DNA backbone breaks.
Exonuclease is then used to degrade them, leaving only the parent strands.
After this, the samples return to the traditional FISH workflow, with one final exception.
The probe solution that is next applied to the samples must be single-stranded, rather than double-stranded.
dGH probes are designed so they target only one of the parent DNA strands remaining on the chromosomes after UV exposure and exonuclease digestion. So, both the sample DNA and probe DNA lack one strand.
Slides are then coverslipped, heated, left to incubate, and eventually postwashed.
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These are the principle points in which dGH differs from FISH:
There is an additional ingredient added before harvest,
samples are UV-irradiated so their daughter-strands can be digested away,
and the type of probe applied is single-stranded, rather than double-stranded.
Everything else is otherwise unchanged.



Example dGH Image

Example of dGH hybridization outcome.

Fluorescence is seen in the same
subtelomeric region of chromosome 21.

Now the chromosome has only one target
site. Only one of the chromatids has DNA
complementary to the probe sequences.
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Now let’s look at how the assay outcome differs.
This is the same chromosome 21 probe used in the FISH hybridization, but you can see that each of the chromosome 21 homologs now lacks signal on one of its two chromatids.



Key Differences in Process and Outcome
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Key Differences in Process and Outcome.
So, what is the benefit? Why is dGH worth the additional steps?
As you can see in this diagram, in the pair of chromosomes on the left, unaltered sample DNA has both parent and daughter-strands. FISH probes, having complementarity to both will essentially create four fluorescent signals at their target loci – each of the two chromatids is double-stranded and so, has two available targets.
dGH probes, on the right two chromosomes, are only complementary to one of the two strand sequences, and each chromatid that undergoes dGH processing is single-stranded.
Fluorescence will only be present on one of the two chromatids in dGH.
Consider the scenario of a small inversion, as highlighted by the yellow boxes.
In FISH, with signal on both chromatids, there will be no change in signal pattern. The pair of signals will just switch sides.
In dGH, with signal on a single chromatid, the single signal will very obviously move to the side that lacks signal in the wild type.
If the breakpoint happens to occur within the probe’s target locus, the signal will appear to split, with half of it on one chromatid and half on the other.



FISH and dGH Side-by-Side
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And here are the two example images we saw already, showing the same chromosome 21 probe in FISH and then in dGH.



dGH Probe Attributes

ATACGACAAGCACTGCACCTGCAAAGCTTTTGTGCAGAGGAGTAGAATGCCGTAGAGTGTTTTCGGCATGGAATGTATGCTCTGTAGACATAAGTT

dGH: Single-stranded and unidirectional.

dGH probes are complementary to only one of the two remaining strands.

TCATCCGATCTCACAAAAGCCAAAGCCGT

TATGCTGTTCAAAAGCTTTTGTGCAGAGGAGTAGAATGCCGTAGAGTGTTTTCGGCATGGAATGCTGTAGACATAAAGCACTGCACCTGCAATCAA
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dGH Probe Attributes.
Taking a zoomed-in view of a dGH probe, we’ll see that with sequence complementarity to only one of the two available strands, the signal will not appear on the other.
This is what is meant by saying the probes are single-stranded.



dGH Sample Attributes
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dGH Sample Attributes.
Looking more closely at dGH samples, we see that the DNA was double-stranded at harvest.
The daughter-strands, depicted in red, have the dGH media additive incorporated into them though.
Exposure to UV damages them and allows for their enzymatic degradation, as depicted on the right.
Both diagrams in this slide are whole chromosomes, but the irradiated one is composed of two chromatids with only one strand each.



What dGH Can Reveal
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Here is an example of probes targeting genes important in CAR-T cell engineering. TRAC is in red, B2M is in yellow, and CIITA is in green.
The enlarged chromosome images on the right represent a hypothetical experiment including two additional probes in orange. If this hybridization had also included one of KromaTiD’s subcentromeric and subtelomeric probes for chromosome 15, these are some signal patterns one might see, revealing specific abnormalities.
In the Normal (A) , we see yellow B2m at its target site, flanked by the two hypothetical probes.
An inversion (B) involving the bottom half of the chromosome would shift the subtelomeric signal up and across to the partner chromatid.
A deletion (C)  would remove that signal entirely.
And a balanced translocation (D & E), in this case involving chromosome 14 with TRAC, would relocate that subtelomeric signal.
As you can see, dGH will still detect the sorts of structural changes FISH will. However, it will also pick up small inversions, which FISH cannot detect. FISH probes can be custom built to check for larger inversions at loci known in advance, but that foreknowledge is not required with dGH.


Microscope Requirements to Run dGH™ Assays in Your Lab
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Light Source: Two options
» Broad spectrum white light
» Multiple LED and/or laser sources.

Filter Cubes:

 Filters with Excitation/Emission wavelength
values corresponding to the fluorophore(s) of
the probesto be used.

Objective Lens:

« 60X to 100X magnification

* Oilimmersion

« High Numerical Aperture (NA)
* NAof 1.4isrecommended

Camera; Monochrome CMQOS or sCMOS
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Imaging dGH slides requires the same equipment you would use for FISH.
A fluorescence microscope with a light source and light filters corresponding to the fluorophores on your probes are needed.
And this slide will be available with the deck so folks can review the technical specifications recommended by KromaTiD for high-resolution microscopy.
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Key Takeaway: The Power of Single-Strand Analysis

A single dGH assay provides confirmation and identification for genomic targets
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To review, the primary differences between FISH and dGH are single-stranded sample DNA and single-stranded probes.
With minor changes to the traditional FISH workflow, you can get an additional layer of structural data that neither metaphase nor interphase FISH provides.
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I want to conclude today by expanding on this slide from the beginning of the seminar to emphasize that all of this data is available to you.
dGH SCREEN is a standard service and is routinely run here in Boulder on blood samples, T-Cells, IPSCs, and many other samples, the only criteria being they must be dividing cells and contain the human genome.  Screen is also available to beta test if you would be interested in trying it yourself later this year.  And, we are looking for partners to develop SCREEN for non-human genomes, particularily mouse and canine.
dGH DSCVR is very specialized, but is available here as an early access service for rare disease discovery and 
dGH In-Site is today is of course available as a service using custom probes designed to answer your specific research questions.  But more importantly, we have a catalog of hundreds of standard probes including centromere probes, sub-telo probes, and various gene probes and we are developing more every month.  Any of these probes can be used to run dGH in-Site in your own lab, and if you have specific needs, we will even make you a custom kit containing combinations of standard and custom probes plus the reagents and buffers necessary to run dGH in your own lab.
If you don’t run metaphase methods yourself, but work with a core facility that does, we are committed to democratizing dGH and would be happy to work with your lab partners as they adopt dGH

Beyond dGH, KromaTiD cells a wide range of cytogenetic and other assays.  Shown here are two that are often ordered inconjunction with dGH, G-Banding for orthogonal confirmation of structural variation, typically as part of of genotox package supporting IND filings. 
And PPF (Pinpoint FISH) which uses punctate probes of a similar design to the dGH in-Site probes in non-dividing cells, such as hepatocytes.  

Also, as part of our genotox package, we now provide custom dPCR assays and earlier this year we expanded our focus from measuring the outcomes of genome modification to producing the vectors that make those modifications when we launched our Plasmid CDMO service.  So if you need RUO or pre-GMP plasmids, we are here to help.

Once again, thank you very much for joining us today, and now happy to take any questions.
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Thank You!
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