
Genome

Editing

CRISPR/Cas9

Guoping Feng, PhD

McGovern Institute for Brain Research

Massachusetts Institute of Technology

Stanley Center for Psychiatric Research

Broad Institute of MIT and Harvard 

Genetic engineering in non-human primates for brain disorder research



The need for additional genetic models in neuroscience research  

Genetic engineering in mice has revolutionized biomedical research. However, its impact 

on developing treatments for brain disorders has been limited. 

Limitations of rodent models for brain disorders：

1. Huge differences in both structure and function between rodent and human brain. 

2. Evolutional divergence in behaviors and underlying circuits. 

3. Difficulty in studying higher brain function, e.g. cognition, executive function and emotion.

4. Numerous failures in translating preclinical success in rodents to clinical trials in humans

100m years

20m years

Mouse Monkey Human



The need for additional models in neuroscience research  

The lack of predictive animal models is considered one of bottlenecks to the development of new 

drugs for brain disorders   

mGluR5 antagonists and Fragile X syndrome

PDE10 inhibitor and Huntington disease
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Common marmoset

Small (~350g), ~14 years of life span, New World monkey

140 days gestation

Mature in 1-1.5 years

Continuous (non-seasonal) breeders

Give birth twice a year and produce twins/triplets each birth

Very social and communicative

Genome-editing in primates to generate genetic models

and cell type-specific tools for brain disorder research

Cynomolgus macaque

Large (7-20lb), ~30 years of life span, native to Southeast Asia

160 days gestation

Mature in 3.5 years

Very similar to rhesus monkey

Continuous (non-seasonal) breeders

Similar brain structure to humans

Great for study of higher brain function 



Knockout/Deletion

Sander & Joung. Nat Biotechnol (2014)

Knockin/Repair

Non-Homologous End-Joining 

(NHEJ)

Genome-editing in embryos by CRISPR

Homologous Recombination

(HR)

High

efficiency
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efficiency



Transgenic marmoset

Embryo transfer to 

surrogate mother

DNA/RNA injection

Transgenic primates

Disease models (knockouts and knockins):

Gene deletions

Gene insertions

Point mutations

Conditional mutations

Genetic tools (knockins and transgenes):

Cell type-specific Cre lines

Cell type-specific indicators

Cell type-specific actuators

Fertilized eggs



Generation of PV-Cre knock-in monkeys

Macaque Parvalbumin (PV) locus

Exon 5
WT PV locus

Cre

Stop

2ADonor

Cloning-free CRISPR

PV-2A-Cre Donor DNA



Generation of PV-Cre knock-in monkeys

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 P MNW

PV Exon 5 2A-Cre

PV-KI

Knock-in efficiency: 60-70%

PV-Cre knock-in monkey

Aida et al. Unpublished



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 P MNW16 17 18

AAVS1-FLEX-ChrimsonR knock-in monkey

Generation of Opsin knock-in monkeys

AAVS1-KI

AAVS1 Intron 1 FLEX

Live monkey

Aida et al. Unpublished



RAD51 significantly increases homozygous knockin rates

Wilde et al., unpublished



Direct testing of interhomolog repair

Dramatically shorten the time to obtain homozygous animals



Shank3 mutations cause autism spectrum disorder

Identification of a recurrent 
breakpoint within the SHANK3 gene 
in the 22q13.3 deletion syndrome

M C Bonaglia, R Giorda, E Mani, G Aceti, B‐M 
Anderlid, A Baroncini, T Pramparo, and O Zuffardi

Peça et al., Nature, 2011

Mei et al., Nature, 2016

Zhou et al., Neuron, 2016

Wang et al., J. Clin. Invest. 2017

Joe Buxbaum, Yonghui Jiang, Craig Powell, Tom Sudhof, etc



Cynomolgus macaque monkeys with Shank3 mutations

Zhou et al. unpublished

Heterozygous Shank3 deletion Homozygous Shank3 deletion



Jitendra Sharma

Shank3 mutant macaques show lower motor activity and sleep disruption



Shank3 mutant macaques show impaired social interaction

Yang Zhou, Rogier Landman et al.



Altered resting state local connectivity in Shank3 mutant macaques

Thalamic region Striatum

Somatosensory cortex Visual 2/4 cortex

Jitendra Sharma et al.,



Generating Shank3 mutant marmosets with CRISPR/Cas9

Live birth of two Shank3 mutant marmosets

Heterozygous 18-base pair  Shank3 deletion in exon 21, resulting in a frameshift and 

premature stop codon—mimic a human ASD mutation. 



Tracking 2 marmosets

Automated 3D behavioral tracking

Collaboration with David Hayden and John Fisher II (CSAIL MIT)



Elias Issa and Jim DiCarlo

Testing learning and cognition in homecage box
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Support

A close collaboration between Stanley Center at Broad Institute 

and 

McGovern Institute at MIT

Involving faculty members from Broad, Harvard, McGovern Institute, Picower Institute, Dept of 

Brain and Cognitive Science, Dept of Comparative Medicine

• McGovern Institute for Brain Research at MIT

• Stanley Center for Psychiatric Research at Broad

• Poitras Center for Affective Disorder Research at MIT

• Tan-Yang Center for Autism Research at MIT

• NIH BRAIN Initiative

• Broad Next10 Initiative

• Massachusetts Life Science Center

• Brain Research Foundation

• Cure Huntington Disease Initiative (CHDI)

• Roche

• Friends of McGovern Institute (Ted Poitras, Silas Chou)


