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it’s my turn to give you the presentation about


Short-Read Sequencing helps a lot
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Advantages:

- Ultra-high throughput, scalability, speed, cost effectiveness

- Accuracy: detect genetic variants accurately

- Versatility: whole-genome sequencing, whole-exome, targeted
regions associated with diseases

SRS was revolutionary!
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In the past 20/30 years, Next-generation sequencing, also termed as short-gun/short-read sequencing, was the most popular method for researchers to study genomes like humans’ 
NGS sequencing is versatile and has many applications
Generally speaking, SRS has revolutionized the biological sciences and it (also with sanger sequencing) first gave us a chance to have a glance at human genome
1KG: we can sequence more and more people, more and more genomes to identify genetic variations to answer the question why we were different from each other in phenotype  
ENCODE: NGS can sequence functional elements like promoters.. and chromatin structure to interpret the epigenomics
ancient DNA to identify how we were different from 尼人和丹人 and how much they contributed their genetic materials to us Homo Sapiens





~ Short-Read Sequencing has a lot of limitations too
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The root of the problem is that the read length from SRS is so short that they can’t span large structural variations like TRs, CNVs, inversions in our genome
also SRS based RNA-SEQ can’t fully detect the isoforms and heavily relied on the assembly algorithm
challenging to reveal complex cis-acting chromatin states largely due to the segmental duplications. there are three copies of PGA genes where PGA3 and PGA4 had more than 99% identity so that there was no CREs detected in both two genes
So what’s the solution?


Long-Read Sequencing Is All You Need
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We know that the root of all the problems is that the reads length so we just get it longer! and we got the PacBio Single molecule real time sequencing and ONT nanopore sequencing, the two most popular platforms or companies in the world
Therefore, we could use them to sequence longer to get a more complete genome, to sequence transcriptome that is iso-seq, to sequence …


Long-Read Sequencing is promising
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Moreover, Long-Read Sequencing is promising
we now can resolve not just break points but also SVs haplotypes
Additionally we could use LRS to fully detect the isoforms and detect the chromatin states on one DNA molecule, which make it possible to map chromatin accessibility to complex regions


- Resolving complex regions and detecting diseases

New Results A Follow this preprint
o - nature genetics
Genetic diversity and regulatory features of human-specific NOTCH2NL
duplications
Technical Report https://doi.org/10.1038/541588-024-02067-0

Taylor D. Real, Prajna Hebbar, DongAhn Yoo, Francesca Antonacci, lvana Pacar, Mark Diekhans,
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This article is a preprint and has not been certified by peer review [what does this mean?].
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Today I will share you two papers with one about using LRS to resolve complex regions while another is about detecting diseases


NOTCHZ2/NLs are associated with human brain
evolution and a few genetic disorders
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The first paper focused on the gene NOTCH2 and NOTCH2NL gene family. Human reference genome NOTCH2 and NOTCH2NLR were on p arm of chr1, while NOTCH2NLA/B/C were on q arm due to a human-specific inversion event
Importantly, NOTCH2/NL has the function to increase neuronal mass during cortical neurogenesis
There were a few of diseases and disorders associated with NOTCH2/NL
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However, NOTCH2/NL locus was complex high-identity regions enriched in SDs and inversions making it difficult for SRS to assemble and characterize the structure
Even fully assembled this region using LRS, they still remain difficult to distinguish from one another due to the high-identity


- Independent NOTCH2NL duplications in apes
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Back to the function of NOTCH2NL mentioned above. Actually duplications of NOTHC2NL had previously been noted in chimpanzee and gorilla, why they can’t have the function like humans?
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so the researchers utilized the fully assembled T2T ape genomes to annotate all NOTCH2NL genes in apes and construct a phylogenic tree using the neutral sequence intron 2 to figure out the duplication history of NOTCH2NL genes. 
They found 
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They also estimated the timing of the duplications events in the human lineage using orangutan as an outgroup.
They also constructed a tree on the smaller intron 3 including more paralogs, albeit with lower bootstrap support. And this tree got the same conclusion.
The diverging time points of functional NOTCH2NL genes were meaningful because they were consistent with the time of increasing cranial volume in archaic hominin 
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in detail, they next multiple aligned all transcripts and found that 


.

Identifying NOTCH2/NL structural haplotypes in

>999%, identity

NOITCHZN LG
SP il C PO > — IR
NOTCH2NLR
ST S o T— | — I
NOTCH2

SR REUEET & e

e NOTCH2NLB
— P 1 M 1
|
NOTCH2NLA
L LSRR R I (8 AR L | bd o =] e ki
0 300,000 600,000

genomic alignment (bp)

human pangenome

greater NOTCH2NL region
[ NOTCH2NL gene |
T 1

3 exon
|||||||||

o e | | s e m o m |
ref'1 l
L] J NOTCH2NL gene model
I | Y Ei I i- NN ~Notch:
HIEEIEE —
f | mil . IR NOTCH2NLR
< ‘ nce sequences to all | I I - | MMl NoTcH2NLA
]
—— "HPRC smple BRI RN NoTcraNLe
e e Y m - | T

B NOTCHZ2NL gene
NBPFI7-10, NBPF14, 19, 26

Rl as oo L SRt SERSRRITE ARERIRAREE 2 2 S

>

900,000

A

transcript match map location

D clade

1. First, we examined the best transcript match by identifying
which NOTCH2NL coding sequence best matches
NOTCH2NL copies assigned in the T2T-CHM 13 reference

2. Second, we used NOTCH2NL intronic sequence to
construct a tree identifying a phylogenetic framework for
each NOTCH2NL haplotype assigning different
haplotypes to related clades

3. Third, we used the extended duplication organization as
defined by the DupMasker barcode to examine the long-
range organization of the region flanking NOTCH2NL.


主持人笔记
演示文稿备注
So after knowing the indepent duplications of NOTCH2NL in ape which resulted in only functional copies in humans, we would be curious about the diversity of NOTCH2/NL in human beings.
However, we mentioned that the paralogs were in high-identity regions so they used the method below to distinguish all gene copies and gene conversion events in HPRC samples
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So we would be curious about the diversity of NOTCH2/NL in human beings.
Therefore, they used HPRC samples to find all NOTCH2/NL gene copies and used them to define structural haps
They totally found 10 haps in populations where the canonical one was the most common
All together they demonstrated they found a new NOTCH2NL paralog
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The accessible chromatin landscape surrounding
each NOTCH2NL paralog appears predominantly
populated by these multi-paralog accessible
chromatin elements

The degree of chromatin accessibility can vary

— quite substantially between the two duplicates,

suggesting the predominant effect was
quantitative differences in chromatin
accessibility as opposed to drastic changes to
on/off actuation


主持人笔记
演示文稿备注
After finding out the genetic architecture of NOTCH2NL paralogs, the gene regulatory landscape of NOTCH2NL paralogs were in interest.
Specifically, lymphoblast cell lines from HG02630 were reprogrammed into iPSCs, which were then differentiated into cortical neurospheres, and then performed fiber-seq and full-length transcript sequencing.
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Distinct differences within the transcript
abundance of each of the NOTCH?2
paralogs were found, indicating that these
paralog-specific accessible chromatin
elements may be creating unique gene
regulatory environments for each of the
NOTCH? paralogs

Although the promoter and transcript
sequence of NOTCH?2tv mirrors that of
NOTCH?2, the transcript abundance and
composition of NOTCH2tv appeared to
mirror most closely that of
NOTCH2NLR

This indicates that despite the transcript
identity of NOTCH2tv matching the first
four exons of NOTCH?2, the surrounding
gene regulatory architecture in fact
mirrors that of NOTCH2NLR, potentially
impacting the overall function of
NOTCH2tv

NOTCH?2tv was similarly unable to form a
stable protein product like NOTCH2NLR


主持人笔记
演示文稿备注
Next they further investigated the Transcriptional expression of NOTCH2/NL paralogs
Finally they performed an experiment to demonstrate that..


Take home message:

NOTCH2/NL was associated with human brain evolution and a few genetic disorders
NOTCH2NL had undergone independent duplications in great apes but there were functional
copies only in humans

Utilizing gene sequence, phylogenic tree, and flanking regions might be helptul for
distinguishing all the high-identity gene paralogs and gene conversion events

The degree of chromatin accessibility can vary quite substantially

The surrounding gene regulatory architecture was important

Q.A.
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Long-read sequencing enhances the detection and
resolution for complex diseases
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LRS could also be used for the detection and resolution
for complex diseases because lots of pathogenic genes
were located in complex regions which are
inaccessible to SRS


主持人笔记
演示文稿备注
We have known that long-read sequencing could be used to resolve complex regions. Additionally, 
For example, SMA was a severe disease caused by SMN1 and SMN2, and these two genes were located in a complex region enriched with large inversions and repeats which were not accessible to SRS.


Synchronized long-read multi-ome profiling

nature genetics

Technical Report

https://doi.org/10.1038/s41588-024-02067-0

Synchronized long-read genome,
methylome, epigenome and transcriptome
profiling resolve aMendelian condition

Fiber-seq

SMRTbell gDNA prep 9-15

reaction (~18 kb gDNA molecules) parts

k RNA == cDNA

MAS-seq library prep

(~18 kb concatenated transcripts)

> —
1 part
Pool
libraries
2

Sequence
on 1 Revio
SMRT cell

Cells are subjected to a Fiber-seq reaction
followed by gDNA extraction and SMRTbell
library preparation

In parallel, cells are subjected to an RNA
extraction followed by cDNA synthesis and
MAS-seq (multiplexed arrays isoform
sequencing) library preparation.

The two libraries are then mixed together and
sequenced simultaneously using a single
sequencing run

Synchronized long-read multi-ome profiling

Genome

.

DeepVariant, pbsv,
HiPhase and hifiasm

Y } Y

Jasmine Fibertools, FIRE Iso-seq

CpG methylome Chromatin epigenome  Transcriptome

\ Z J

v

Haplotype-phased long-read (1) genome, (2) CpG methylome,

(3) chromatin epigenome and (4) transcriptome.


主持人笔记
演示文稿备注
Another paper named … was about using LRS to detect diseases
Researchers develop a new method to synchronously sequence genome, CpG methylome…


D Haplotype-resolved genome, CpG methylome,
chromatin epigenome and transcriptome

chr16: 3,435,000

Synchronized long-read multi-ome profiling
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Synchronized long-read multi-ome profiling
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Synchronized long-read multi-ome profiling
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Synchronized long-read multi-ome profiling
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Proband
sequencing data

Paternal
sequencing data

Long-read genome exposes NBEA disruption
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Genome assembly of these
sequencing reads delineated the
precise translocation breakpoints
The translocation breakpoint on
13q 1s located in intron 41 of the
58-exon gene NBEA

This resulted in the formation of a
truncated NBEA protein
product

Such a truncation could have

unique impacts on dendrite (§%)

formation


主持人笔记
演示文稿备注
Next, they tried their method on a patient who had many diseases like … and balanced de novo X;13 translocation and this translocation resulted in two abnormal chromosomes named
And this patient was not diagnosed using SRS


Long-read multi-ome exposes inappropriate XCI of
autosomal genes
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主持人笔记
演示文稿备注
This patient has the disease bilateral retinoblastomas and RB1 is the only gene associated with this disease but RB1 is located 13.5 Mb away from the breakpoint 
So why this patient has this disease?



Long-read multi-ome exposes inappropriate XCI of

autosomal genes
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~97% of cells maternal chromosome X inactivated ~3% of cells paternal der(X) inactivated
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These cells have a ‘first hit” inactivation of RB1

Intact chromosome X was preferentially
subjected to (X-chromosome inactivation)
XCI

The 13p13.3 to 13qter region selectively and
significantly exhibited an imbalance in
allelic chromatin accessibility with this
region on der(X) being silenced in 3—10% of
cells



- Long-read multi-ome exposes inappropriate XCI of

autosomal genes
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主持人笔记
演示文稿备注
So what’s the consequence?
This resulted in a first hit inactivation of RB1 which increase the probability of second hits which would finally cause the disease


Synchronized long-read multi-omic profiling
mechanistically resolved complex phenotypes

Table 2 | Overview of molecular variants identified in UDN318336 via multi-ome long-read sequencing

Molecular event Ome(s) required for Associated clinical phenotypesin Proposed mechanism Overlapping
identification UDN318336 Mendelian
condition

NBEA-chrX fusion Genome; transcriptome NBEA haploinsufficiency OMIM 619157
transcripts and/or production of

truncated protein
PPKS—MABQTLIT fusion Genome; transcriptome Polyfmictogyria, SNHL, deve.lopmental delay, Overexpression of PDK3 in
kinase transcript lactic acidosis and hypotonia. tissue that endogenously OMIM 200905.
PDK3 adoption of MAB21L1  Chromatin epigenome expresses MAB21L1. ‘ OMIM 312170
enhancer and subsequent Potentially altered regulation
PDK3 ectopic GOE of PDK3-MAB21L1 fusion
XCl of RB1locus Chromatin epigenome Bilateral retinoblastomas ‘First hit’ in the development OMIM 180200

of biallelic RBT LOF
Transcriptional CpG methylome; chromatin No effect on patient phenotype as only one N/A OMIM 618479
readthrough silencing of epigenome; transcriptome MAB21L1 haplotype impacted, with other
MAB21L1 haplotypes demonstrating intact gene

regulation

In short, LRS multi-omic profiling revealed that this translocation disrupted the functioning of four separate genes (NBEA, PDK3,
MAB2I1L1 and RB1) previously associated with single-gene Mendelian conditions. Notably, the function of each gene was
disrupted via a distinct mechanism that required integration of the four ‘omes’ to resolve.



Long-read sequencing v2.0

Sequence more, learn more Multi-omics
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主持人笔记
演示文稿备注
So what’s the next? what’s the future of LRS?
I think the future of long read sequencing could include three parts: 
we sequence more genomes to learn more genetics
another we utilized multi-omics methods to solve complex pathogenic traits
finally we could use LRS to reveal the evolutionary history of complex regions like PGA / NOTCH2 or other import complex loci



Thanks and Q.A.
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