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Part 1: The ‘Central Dogma’



Eukaryotic cell

Encyclopedia Britannica Thoughtco

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.britannica.com%2Fscience%2Feukaryote&psig=AOvVaw0Vby7bXLgh57zrbIVlfmZQ&ust=1647603384895000&source=images&cd=vfe&ved=0CAsQjRxqFwoTCOih0oWHzfYCFQAAAAAdAAAAABAD
https://www.google.com/imgres?imgurl=https%3A%2F%2Fwww.thoughtco.com%2Fthmb%2FP6pbXEdLAig-xQdF4jmAwa-tyE4%3D%2F1500x1000%2Ffilters%3Ano_upscale()%3Amax_bytes(150000)%3Astrip_icc()%2Fbacteria_cell_drawing-5786db0a5f9b5831b54f017c.jpg&imgrefurl=https%3A%2F%2Fwww.thoughtco.com%2Fprokaryotes-meaning-373369&tbnid=B47T9vE-ARslXM&vet=12ahUKEwiz7Z3Ric32AhWLi_0HHf1lBqYQMygBegUIARDaAQ..i&docid=wyYr7H2vbXf5EM&w=1500&h=1000&q=prokaryotic%20cell&ved=2ahUKEwiz7Z3Ric32AhWLi_0HHf1lBqYQMygBegUIARDaAQ


Nucleus - DNA and chromosome 

National Human Genome Research Institute

ThoughtCo.

National Cancer Institute

Twist Bioscience

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.genome.gov%2Fgenetics-glossary%2FNucleotide&psig=AOvVaw0aX4CNcL7MgbYl3T0fvp4N&ust=1647280406068000&source=images&cd=vfe&ved=0CAsQjRxqFwoTCNDWz_HTw_YCFQAAAAAdAAAAABAD
https://www.thoughtco.com/what-are-the-parts-of-nucleotide-606385
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.cancer.gov%2Fpublications%2Fdictionaries%2Fgenetics-dictionary%2Fdef%2Fchromosome&psig=AOvVaw0v6LXBP3_DjOMcV4RIntos&ust=1647604858192000&source=images&cd=vfe&ved=0CAsQjRxqFwoTCIjq_sSMzfYCFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.twistbioscience.com%2Fresources%2Fvideo%2Fhow-does-dna-data-storage-work&psig=AOvVaw1w1cWtEcGTclLz4agGNqfc&ust=1647605176376000&source=images&cd=vfe&ved=0CAsQjRxqFwoTCMiKl-eNzfYCFQAAAAAdAAAAABAV


The “Central Dogma”

Mun.ca

Mun.ca

https://www.mun.ca/biology/scarr/Deoxyribose_versus_Ribose.html
https://www.mun.ca/biology/scarr/T_versus_U.html


Transcription

nucleus cytoplasm

mRNA



Translation

Bioninja

https://www.google.com/url?sa=i&url=http%3A%2F%2Fib.bioninja.com.au%2Fstandard-level%2Ftopic-2-molecular-biology%2F27-dna-replication-transcri%2Ftranslation.html&psig=AOvVaw1PKPDAaqZCek4pY_Cik0tu&ust=1647205225873000&source=images&cd=vfe&ved=0CAsQjRxqFwoTCNDo4PC7wfYCFQAAAAAdAAAAABAP


Genotype VS Phenotype

Genotype Phenotype

proteins
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Part 2: Genes and Diseases



Genes

Coding sequence
promoter

DNA

RNA RNAAAAAAAA……

polypeptide

protein

GENE

Phenotype

Phenotype



Genome

Science in the News, Harvard University

https://sitn.hms.harvard.edu/flash/2012/issue127a/


Variations in humans – Genetic Disease

Froedtert

HBB

HbA HbS

Variation

Normal Sickle cell

CCT GAG GAG CCT GTG GAG

Pro   Glu Glu Pro   Val Glu

Sickle Cell Disease

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.froedtert.com%2Fsickle-cell-disease%2Fsymptoms&psig=AOvVaw0XAcn19f03oGmj4mYU7K7V&ust=1647298229365000&source=images&cd=vfe&ved=0CAsQjRxqFwoTCNiv1KyWxPYCFQAAAAAdAAAAABAD


Single Nucleotide Polymorphism (SNP)

23andme

YourGenome

HbA HbS

Normal Sickle cell

CCT GAG GAG CCT GTG GAG

Pro   Glu Glu Pro   Val Glu

Genome-Wide Association Study (GWAS)

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.23andme.com%2Fdna-ancestry%2F&psig=AOvVaw1O6jZ-No9lca-jRKgEwTk2&ust=1647299314597000&source=images&cd=vfe&ved=0CAsQjRxqFwoTCLjZ66yaxPYCFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.yourgenome.org%2Fstories%2Fgenome-wide-association-studies&psig=AOvVaw1JcGNpEdN62aO8AgH-YtDV&ust=1647299431152000&source=images&cd=vfe&ved=0CAsQjRxqFwoTCNC_z-GaxPYCFQAAAAAdAAAAABAP
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Part 3: CRISPR-Cas Genome Editing Tool



DNA “Molecular Scissors”

DNA-binding protein modules

DNA-binding RNA
(complementary base-pairing)

Zinc Finger Nuclease (ZFN)

Transcription Activator-Like 
Effector Nuclease

(TALEN) 

Clustered Regularly Interspaced 
Short Palindromic Repeats

(CRISPR) 

2012



CRISPR-Cas9

• Adaptive immunity in bacteria

• Discovered as early as 1993

• 2 crucial components:
• Cas locus
• CRISPR array

Carnegie Institution for Science

https://www.google.com/url?sa=i&url=https%3A%2F%2Fcarnegiescience.edu%2Fnews%2Fsome-bacterial-crisprs-can-snip-rna-too&psig=AOvVaw1CEDXK639Sy-DoNy8Zc3kn&ust=1647381950230000&source=images&cd=vfe&ved=0CAsQjRxqFwoTCKDYhZ7OxvYCFQAAAAAdAAAAABAI


Wikipedia

CRISPR-Cas9 as a Genome Editing Tool

Nature

Jennifer Doudna & Emmanuel Charpentier

Nobel Prize in Chemistry 2020

Cas9 protein Guide RNA

DNA repair

Mutation

Repeat sequence

Spacer

https://www.google.com/url?sa=i&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FCRISPR_gene_editing&psig=AOvVaw0n25gT0Xr-4FkL4CFGbk3X&ust=1647383045009000&source=images&cd=vfe&ved=0CAsQjRxqFwoTCJifhYjWxvYCFQAAAAAdAAAAABAl
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.nature.com%2Farticles%2Fd41586-020-02765-9&psig=AOvVaw3tWadYn8fb8C0ueH7qIRAv&ust=1647382902575000&source=images&cd=vfe&ved=0CAsQjRxqFwoTCPDL4NvRxvYCFQAAAAAdAAAAABAU


DNA Base Editor

Jeong, Song and Bae, Molecular Therapy, 2020

Cytidine Base Editor (CBE) Adenine Base Editor (ABE)

Dead Cas9 (dCas9) Guide RNA

Base modifier

Targeted, specific base editing 

Alexis Komor

https://www.sciencedirect.com/science/article/pii/S1525001620303725
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Part 4: Ethics and Safety of CRISPR-Cas



Health VS Aesthetic

Health Improvement Aesthetic Enhancement

VS



Safety concerns

Genome editing in germline

Delivery of genome editing tools

Off-target effects

iGEM2019

https://www.google.com/url?sa=i&url=https%3A%2F%2F2019.igem.org%2FTeam%3ASJTU-BioX-Shanghai%2FDescription&psig=AOvVaw1DBPxs1_UPvSEbbzHb9BCn&ust=1647429994291000&source=images&cd=vfe&ved=0CAsQjRxqFwoTCJCt0pOByPYCFQAAAAAdAAAAABAJ


World’s first gene-edited babies – Lulu & 
Nana

He Jiankui

Disrupt CCR5 gene to confer innate 
resistance to HIV infection

Wikipedia

Haworth, Peterson, Kiem, Cytotherapy, 2017

https://en.wikipedia.org/wiki/He_Jiankui
https://www.sciencedirect.com/science/article/pii/S1465324917306205


Summary Video



Potential of CRISPR in Genetic Engineering


