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WHERE DO EMBRYONIC STEM CELLS COME FROM?

WHERE DO EMBRYONIC STEM CELLS COME FROM

1.
2.
3.

ORIGIN - Derived from the most primitive cells in human development.
PLURIPOTENCY - Capacity to give rise to all tissue and cell types.
SELF-RENEWAL - Ability to be grown for many generations in the laboratory
without losing their potential for continued growth and self-renewal.

HERE COMES CLONING
SOMATIC CELL NUCLEAR TRANSFER
HELLO DOLLY.. HAPPY 20th BIRTHDAY!!!

THE MAGIC OF INDUCED PLURIPOTENT STEM CELLS (iPS)EMBRYONIC STEM CELLS WITHOUT THE USE OF EMBRYOS!

Overview of CRISPR/Cas9 (from Addgene website)
The Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR) Type II system is a bacterial
immune system that has been modified for genome engineering (see CRISPR history). Prior to
CRISPR/Cas9, genome engineering approaches, like zinc finger nucleases (ZFNs) or transcriptionactivator-like effector nucleases (TALENs), relied upon the use of customizable DNA-binding protein
nucleases that required scientists to design and generate a new nuclease-pair for every genomic target.
Largely due to its simplicity and adaptability, CRISPR has rapidly become one of the most popular
approaches for genome engineering.

CRISPR consists of two components: a “guide” RNA (gRNA) and a non-specific CRISPR-associated
endonuclease (Cas9). The gRNA is a short synthetic RNA composed of a “scaffold” sequence
necessary for Cas9-binding and a user-defined ∼20 nucleotide “spacer” or “targeting” sequence which
defines the genomic target to be modified. Thus, one can change the genomic target of Cas9 by simply
changing the targeting sequence present in the gRNA. CRISPR was originally employed to “knock-out”
target genes in various cell types and organisms, but modifications to the Cas9 enzyme have extended
the application of CRISPR to selectively activate or repress target genes, purify specific regions of DNA,
and even image DNA in live cells using fluorescence microscopy. Furthermore, the ease of generating
gRNAs makes CRISPR one of the most scalable genome editing technologies and has been recently
utilized for genome-wide screens.

This guide will provide a basic understanding of CRISPR/Cas9 biology, introduce the various
applications of CRISPR, and help you get started using CRISPR/Cas9 in your own research.

Generating a Knock-out Using CRISPR/Cas9
CRISPR/Cas9 can be used to generate knock-out cells or animals by co-expressing a gRNA specific to
the gene to be targeted and the endonuclease Cas9. The genomic target can be any ∼20 nucleotide
DNA sequence, provided it meets two conditions:
1. The sequence is unique compared to the rest of the genome.
2. The target is present immediately upstream of a Protospacer Adjacent Motif (PAM).
The PAM sequence is absolutely necessary for target binding and the exact sequence is dependent
upon the species of Cas9 (5′ NGG 3′ for Streptococcus pyogenes Cas9). We will focus on Cas9 from S.
pyogenes as it is currently the most widely used in genome engineering (see additional species of Cas9
and corresponding PAM sequences here). Once expressed, the Cas9 protein and the gRNA form a
riboprotein complex through interactions between the gRNA “scaffold” domain and surface-exposed
positively-charged grooves on Cas9. Cas9 undergoes a conformational change upon gRNA binding that
shifts the molecule from an inactive, non-DNA binding conformation, into an active DNA-binding
conformation. Importantly, the “spacer” sequence of the gRNA remains free to interact with target DNA.
The Cas9-gRNA complex will bind any genomic sequence with a PAM, but the extent to which the
gRNA spacer matches the target DNA determines whether Cas9 will cut. Once the Cas9-gRNA complex
binds a putative DNA target, a “seed” sequence at the 3′ end of the gRNA targeting sequence begins to
anneal to the target DNA. If the seed and target DNA sequences match, the gRNA will continue to
anneal to the target DNA in a 3′ to 5′ direction.
Cas9 will only cleave the target if sufficient homology exists between the gRNA spacer and target
sequences. The “zipper-like” annealing mechanics may explain why mismatches between the target
sequence in the 3′ seed sequence completely abolish target cleavage, whereas mismatches toward the
5′ end are permissive for target cleavage. The Cas9 nuclease has two functional endonuclease
domains: RuvC and HNH. Cas9 undergoes a second conformational change upon target binding that
positions the nuclease domains to cleave opposite strands of the target DNA. The end result of Cas9mediated DNA cleavage is a double strand break (DSB) within the target DNA (∼3-4 nucleotides
upstream of the PAM sequence).

