Collection of technology
Sequencing

Shotgun sequencing

Base pairs --> many segments --> assemble\
Positional cloning

ZETERAENM (marker) FIDNAEE,
Identify the first marker to map the gene, then clone the genes in the mapping region and try to find the
target gene, if not then try to find next SNP marker; repeat until find the target gene

Sanger sequencing

Four separate PCR reactions
each one has a specific ddNTP with fluorescent or some label

Because ddNTP lack of hydroxy in 3' end, after combining with a ddNTP, these chain will can't continue
to enlonger.

Then using Gel electrophoresis to show the results

Next-generation sequencing, SBS, sequencing by synthesis

Prepare genomic DNA
Attach DNA to surface
Bridge amplification
Denature
Sequencing
ddNTP with fluorescent
Therefore, every run can only add one base

After sequencing this run, you need to cut the azide(& % &) and fluorescent
polymerase

Application

Genome resequencing

Prenatal testing

Counting device

De novo genome assembly

assembly without the reference genome

PacBio

SMARTBELL(DNA with ow hairpin) binds to DNA polymerase
a fluorescent nucleotide bind

a light pulse is produced

Recognize bases



Oxford Nanopore

Using the electricity

DNA pass through a small channel, which is the so-called nanopore

The four bases can have different voltage

Te affects to the currents can be recognized as bases

Summary

Sequencing Advantages Disadvantages

Sanger Long reads(~700 bp)/ High accuracy Low throughput

Second High throughput/ Whole genome coverage/High ~ Short reads(~150bp)/PCR
generation(illumina) sensitivity amplification bias

Third generation Long reads(several kb)/High throughput/No High error rate

amplification/ Miniaturisation (Nanopore,{EF1&

+HH+

)

Sequencing stratedies
Whole genome sequencing
Whole exome sequencing
Targeted sequencing

summary
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Mitochondrial replacement therapy

1. Three-parent baby

Healthy cytoplasm(Donor egg) + mother's nucleus + father's sperm

Pronuclear transfer, PNT
Spindle transfer

Polar body transfer

Method Description Advantages Limitations

Pronuclear Involves the fusion of the donor egg with - - Use of cytoskeleton

Transfer sperm. The term "pronuclear” refers to the disruptor

(PNT) state during fertilization where the genetic - May disturb the
material of the sperm and egg have not yet centromeres and
fused. cause heteroploidy

- Takes more
mitochondria



Method Description Advantages

Spindle Involves taking the egg under the situation Less

Transfer (metaphase) of spindle into the donor egg. mitochondria

Polar Body - Few

Transfer mitochondria in
polar body
Easy to
separate the
polar body

2. Gene replacement therapy

Injection of AVV

3. Genome editing

mtZFN
mitoTALENSs
DdCBE

Twin studies , the genetic and environment

Two pairs of twins:
MZ twins
DZ twins
Calculate the concordance of MZ and DZ

Genome-wide association studies(GWAS)

SNP
haplotype block with tag SNP

LD-based association studies
Using tag SNP to verify the gene of interest

Common disease-Common variant hypothesis
Most variation is evolutionarily neural
The variation can have addictive effect to contribute to a disease

However, about the Rare variants , GWAS is not suitable

Resequence gene

Finding Rare variants

EMNZEERA, MFENERFTENF, b,
Molecular tools
Fluorescence in situ hybridization(FISH)

Comparative genome hybridization(CGH)
EE 3R AIDNAFN AT RO reference DNARE R

Limitations

- Use of cytoskeleton
disruptors

- May cause
heteroploidy

Use of cytoskeleton
disruptor
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Gene clone with host cells

Using vector to transfer gene in to host gene (Mostly bacteria)

After introduce the gene segments, culture the bacteria under the environment with antibiotic
Because the gene we transfered has the antibiotic resistance gene for selection
IS, RBENINSANT RANBEZ BEISFE K
WIASERERRTH, WMRFIINAERTTEGHE LS TKiTBBBFRIEINIY

Gene ligation

Process
Restriction enzyme cuts the DNA
Addition of a DNA fragment
DNA ligase
DAN ligase catalyzes the formation of a phosphodiester bond
Repair DNA strands

Cancer gene detection
GWAS for cancer

Through GWS, to find the most frequency mutated genes identifies in selected cancer genome
sequencing projects

Liquid biopsy
ctDNA

check circulating tumor DNA



CTCs

Check circulating tumor cells

CART

Chimeric Antigen Receptor T cell therapy
RMREE, BT THME, ARIHRERR
mEBEECHTAR, 1LTHAREETZIRAIH HX Tcancer cell

PD/PDL1 immunotherapy

PD 1in the T cell

PDL1 in the surface of tumor cell

PD 1 can bind to PDL 1 thus to stop the killing of tumor cell

PD1/PDL1 immunotherapy can inhibit the binding of PD1 and PDLA1
then the T cell Ca®"n kill the tumor cells

In situ hybridization(Mostly FISH, fluorescent)

To localize a specific DNA or RNA, to detect chromosomal abnormalities or gene mutation
- by labeled complimentary DAN, RNA, fluorescent probe
The steps:

Fixation of the cell
Design of probes
should be complimentary with the fragment of interest
Also need to use fluorescent label to label the probe
Denaturation
probe and Target DAN denaturate
Hybridization
cool down and the probe will bind with the targeted DNA
Visualize under fluorescence microscopy
if there are mutations, then it can't have fluorescent signal

transgenic reporters

Fluorescence add to the interest gene, to verify the result if the gene is transferred(reporter gene)

Random mutagenesis

Cells or organisms are exposed to mutagens
Steps
make random mutations
screen for phenotypic change
identify the gene underlying mutant phenotype

Target knock-out or knock-down
Genome-wide RNAi Screening



can produce siRNA(small interference RNA) which can bind to mRNA and then stop it to translate into
protein
Steps

Making dsRNA RNAi library(can be genome wide, can do many RNA i at once)

Introduce the RNAI to the cell

dsRNA will be cleaved into small fragments, which is siRNA, small interference RNA

siRNA bind with other proteins, to form the RISC complex

RISC bind with the targeted mRNA, now it can't express

CRISPR-based screening
Transcriptomics

Microarray analysis (gene chip analysis)

Can compare two sets of cells expression
RAN sequencing

single RNA sequencing

RNA --> cDNA --> Amplified RNA/cDNA --> Sequencing library

Protein interactomes
Yeast two-hybrid screening

Transcription factors bind to the upstream sequence
then activate the down stream reporter gene

validate protein-protein interaction:

FRET
Co-IP

Pull-Down
identify protein-DNA interaction:
ChiP-Seq

Cre-Lox system

Two components
Cre recombinase, can bind with the substrate DNA

LoxP recognition site



Deletion Translocation
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mouse with target locus A transgenic mouse with
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offspring with floxed tissue- or cellspecific
target plus Cre fransgene deletion of A at target locus

Standardized staining procedure

can be used to view the structural feature about karyotypes
Need to let cells stay in metaphase for better searching
Using mitogen, force the cells into metaphase
PHA, phhytohemagglutinin
Colchicine can be added to stop them in metaphase

Carrier screening

identify if a people is a carrier of a disease
Carrier screening offers an opportunity to identify couples at risk before having the baby
Options for a couple in which both partners are carriers include the following:

Choosing not to have children

egg donation

termination of an affected pregnancy



prenatal diagnosis and planning for care of an affected child

Prenatal screening

Predict if a baby can have defects, before the birth
Amniocentesis

EXFRIAR
Non-invasion prenatal testing

test the blood of the mother
because there can be the dead flowing cell of the baby, then you can check it

Newborn screening
Heel stick
ERIRR—T, AN
hearing screening
WEMEILRSFER D%
Congenital heart screen

Bacterial inhibition assay(check PKU)
fEtEsRI BB

The size of the halo related to the concentration of phenylalanine
MARFAPHNEEZMARTER, BTHAERRRESHEPKU

Direct to consumer(DTC)
Treatment of genetic disease

Diseases

Phenylketonuria
Genetic deficiency of phenylalanine hydroxylase

Congenital hypothyroidism

defect in thyroid development caused by gene mutation
Hemochromatosis

hyperactivity to absorb too much iron from the diet
Type 1 Tyrosinemia(TyrosineA9{% UL Z 22 0M)

deficiency of fumarylacetoacetate hydrolyase (FAH)

cause accumulation of Fumarylacetoacetate, which is toxic to liver

Genetic drugs

Small molecule drugs

Example: PARP inhibitors
PARP can fix the damage of the cancer cell



SO PARRP inhibitor can stop the cell to repair

Application of genomic in drug discovery

Genome-wide screen
identify new targets for drug development
to identify new small molecule inhibitors or agonist

new vaccines
Therapeutic proteins

Examples
Insulin produced by recombinant DNA in bacteria
Therapeutic protein produced in the milk of transgenic livestock
therapeutic antibodies
hybridoma
genetic engineering
chimeric Ab
Humanized Ab
scFv Ab,;& B constant region

(E) scFvAb

single chain antibody
not contain the constant region of human

Making transgenic mice to express human monoclonal antibody
Mouse variable regions of the heavy and k light chains are placed by the human's
retain the mouse constant region for normal deveploment
Antibody—drug conjugates (ADCs)
BJ LASE [a) 3R B2 4 AR
FUAS HRRES 4 (cellular toxin)ZGY)EIEM A

Aptamer

Cell therapy
1. Stem cell therapies

Source
Pluripotent embryonic stem cell
Tissue stem cells
iPSC
Nuclear reprogramming
Somatic nuclear transfer
patient somatic cell nuclear + egg plasma



produce Patient-specific and disease- specific pluripotent stem cells
cell fusion

direct reprogramming

2. Immunotherapies

Humoral immunity
Antibody-mediated
Cellular immunity
T cell-mediated
Chimeric antigen receptor T cells(CAR T)
CAR genes inserted into T cell via vector
CAR expressing T cell
Use of CIPDEL technology in CAR T construction
can recognize cancer cells

Single-chain antibody fragment

Gene therapy

Direct Genetic modification of cells
In vivo and Ex vivo gene therapy
In vivo: ERESHAREREH#H1THEE
ex vivo: remove cells out of the body, and edit them and amplify . Return cells to body
The first gene therapy success was ex vivo, treat SCID

Germ-line and somatic gene therapy
- Germ line BEMZEIEATEMME, HT—RIBHEEAE T
- Somatic ;& T 1 IEAHREAIDNALRFE
Gene augmentation therapy
disease cells lack of A --> transfer gene to make it can product
Gene mutation correction
Disease cell can produce harmful products --> cut this gene, can't produce the harmful products
again
Gene expression inhibition
Using something to inhibit the produce of some kind of gene expression (but not gene change)
siRNA, antisense oligonucleotide
Direct killing of disease cells
Using DTX, diphtheria toxin to kill the cells
Assisted killing of disease cells
- foreign antigen gene (AT AR 72 R ETIRBI AR I REVIFUR HARIE)
- cytokine gene (HN3&%ZERLHIEES)



- kill the disease cells because of enhanced immune response

> Delivery
 Viral vector
» Cationic liposomes

c MEBERELERST EETF) , FOMEE
RNA therapy

* Ribozyme
» Antisense oligonucleotide(ASO)
« siRNA

Example: Duchenne muscular dystrophy

Gene editing in gene therapy
Zinc finger nuclease(ZFN)

TALEN

CRISPR

» Exon deletion
» Exon skipping
» Exon reframing
» Exon knock-in



