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What is CHARGE Syndrome?

* CHARGE syndrome is a cluster of lifethreatening genetic disorders that
affects multiple organs; typically, children born with CHARGE

syndrome show several phenotypes:

Coloboma (a hole in the eye),

Heart defect,

Atresia choanae (back of nasal passage is blocked),
Retarded growth and development,

Genital hypoplasia,

Ear anomalies/deafness
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An example of CHARGE syndrome diagnosis in vivo coupled with

DNA sequencing
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CHARGE syndrome is a neglected disease. Thus, we understand very
little about the function of CHD7 protein.
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Mutations in a chromodomain gene family cause

CHARGE syndrome

a 2o b 20
82022Y
r 03
M 00 Pgeeila e A e e b
& 5 54 58 58,1 /.60 ] 84 66 68 0
03 P40 ,
9 1
20 : 20
Clones ordered per chromosome by Mb position Clones ordered by Mb position on chromosome 8
c 58 Mb M 60 Mb 61 Mb 62 Mb 63 Mb
Con e demlh i i 1 . 1 Ly Te
- = -y - — [ — e ———
DKFZP434F122 GC // I N\ TO CA8 2| CHD? MGC34636 ASPH
%/ socee
CYP7A1
: o L] : : L]
»m " 'y Pt 38
o 4 ulb—n—!ul—uu—aulﬂ.lmq
ATG | [ m TAA
Chromo Chromo  SNF2 Helcase
e 5 Incividual 8 Individual
527X 5418 Y1806X
i\
| I | A
| n | I f ] f\l i
ll! “ﬂ‘ | II‘II!;" i
| ALY LU "H'\' f (RIRYA [\
L. AV AWARIBYOY! SRS R £ A
A TG AG G T ¢ ¢!
M E - Swo Y - Stop P Y L-+R I N
Nature Genetics 36, 955 - 957 (2004)
. ®
. Outline  Background  Question  Methods  Data/Results ~ Summary/Future
Illinois Mathematics and Science Academy

Dominant loss-of-function mutations
in the gene encoding
chromodomain helicase DNA
binding protein 7 (CHD7), an
ATP-dependent chromatin
remodeler, is the main cause of

CHARGE syndrome.
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Proposed Model of CHD7 Action at Enhancers
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(A) CHD7-mediated chromatin remodelling at poised enhancers
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Trends in Geneti

Trends Genet. 2015 Oct; 31(10): 600-611.

Proposed functions of CHD7

1. Remodel chromatin

2. May bind to DNA directly

3. May repress the action of transcription factors

including p53

4. Mutation of CHD7 might affect lifespan stem

cells
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To address this deficiency in our knowledge, we proposed to use

CRISPR/Cas9 to model CHARGE disease-in-a-dish.
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How does CRISPR/Cas9 work?

CRISPR-Cas9

Cas9 programmed by
single guide RNA

Emmanuelle Charpentier (left),
Jennifer Doudna (right)

Linker

sgRNA loop

(single guide RNA)

(Jinek et al., Science 2012
Doudna & Charpentier, Science 2014)
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Designing CHD7 gRNA for CRISPR/Cas9

Select 23-250 nucleotide and search for gRNA using the MIT Zhang lab software

CRISPR DESIGN

Submit

MIT, Zhang lab gRNA design

Help  Forum

Batch Mode  Single Sequence

search name* | CHD7

email address * | nwary@imsa.edu

sequencetype @ other region (23-500 nt)
D unique genomic region (23-500 nt)
target genome O human (hg19)
O mouse (mma)
O zebrafish (danRer7)
D ¢ elegans (ce10)
rat (m5)
j fly (dm3)
D rabbit (oryCun2)
D pig (susScr3)

O possum (monDoms)

O chicken (galGald)

D a. thaliana (tair10)

O dog (canFam3)

O mosquito (Aedes aegypti) (aAegL2)
mosquito (Anopheles gambiae) (aGamP3)

O stickleback (gasAcu1)

O zebrafish (GRCz10)

sequence

By submitting your query, you agree that the results obtained
from this web tool will only be used as a reference for
non-clinical research purposes.

Agree and Submit

ZIMSA ouin

Illinois Mathematics and Science Academy

Background = Question

Methods

Data/Results

CRISPR DESIGN

CRISPR Job Submission "CHD7"

Status: About 48 minutes remaining. (Analyzed 12 of 47 guides.)

Note: Nickase Analysis and Downloads will be ready when all guides are completely analyzed. Guides and offtargets info

may be loaded dynamically!

Help i

Downloads Job Info Results
Results

Guides & offtargets
C)
/‘W
@

Download as genbank
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An example of designing sgRNAs using the UCSC genome browser

Genome Browser Tools wnloads My Data

UCSC Genome Browser on Human Dec. 2013 (GRCh38/hg38) Assembly
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CHD7 exon-1

GTACAAAAAAGCAGAAGGGCCGTCAAGGCCCACCATGGCAGATCCAGGAATGATGAGTCTTTTTGGCGAG
GATGGGAATATTTTCAGTGAAGGTCTTGAAGGCCTCGGAGAATGTGGTTACCCGGAAAATCCAGTAAATC
CTATGGGTCAGCAAATGCCAATAGACCAAGGCTTTGCCTCTTTACAGCCATCCCTTCATCATCCTTCAAC For:
TAATCAAAATCAAACAAAGCTGACACATTTTGATCACTATAATCAGTATGAACAACAAAAGATGCATCTG
ATGGATCAGCCGAACAGAATGATGAGCAACACCCCTGGGAACGGACTCGCGTCTCCGCACTCGCAGTATC
ACACCCCTCCCGTTCCTCAGGTGCCCCATGGTGGCAGTGGTGGCGGTCAGATGGGTGTCTACCCTGGCAT
GCAGAATGAGAGGCATGGGCAATCCTTTGTGGACAGCAGCTCCATGTGGGGCCCCAGGGCTGTTCAGGTA
CCAGACCAGATACGAGCCCCCTACCAGCAGCAGCAGCCACAGCCGCAGCCACCGCAGLCCGGLCTCCGETCGE
GGCCCCCTGCACAGGGCCACCCTCAGCACATGCAGCAGATGGGCAGCTATATGGCACGTGGGGATTTTTC
CATGCAGCAGCATGGTCAGCCACAGCAGAGGATGAGCCAGTTTTCCCAAGGCCAAGAGGGCCTCAATCAG
GGAAATCCTTTTATTGCCACCTCAGGACCTGGCCACTTGTCCCACGTGCCCCAGCAGAGTCCCAGCATGG
CACCTTCCTTGCGTCACTCGGTGCAGCAGTTCCATCACCACCCCTCTACTGCTCTCCATGGAGAATCCGT
TGCCCACAGTCCCAGATTCTCCCCGAATCCTCCCCAACAAGGGGCTGTTAGGCCGCAAACCCTTAACTTT
AGTTCTCGGAGCCAGACAGTCCCCTCTCCTACTATAAACAACTCAGGGCAGTATTCTCGATATCCTTACA Rev:
GTAACCTAAATCAGGGATTAGTTAACAATACAGGGATGAATCAAAATTTAGGCCTTACAAATAATACTCC
AATGAATCAGTCCGTACCAAGATACCCCAATGCTGTAGGATTCCCATCAAACAGTGGTCAAGGACTAATG
CACCAGCAGCCCATCCACCCCAGTGGCTCACTTAACCAAATGAACACACAAACTATGCATCCTTCACAGC

CHD7 Target 1- gRNA: 396 GAGGCATGGGCAATCCTTTG
CHD7 Target 2- gRNA: 1234 GCACTTCCCGGCCTGACTTG
CHD7 Target 3- gRNA 1322 GTGCCATGGGAATCGGACAG
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Making sure that our gRNA matches the target sequence

NCBI Reference Sequence: XM_011517553.2
GenBank FEASTA

Link To This Page | Feedback

] 500 rpk 1,500 2K 2,500 |3K 3,500 4K 4,500 5K 5,500 [BK 6,500 |7K 7,500 |BK 8,500 |9 K 9,500 0K |

&) XM_011517553.2: 863..974 (112bp) ~ | Find: v (| QD 1
|s7@ |ss@ 530 360

A Tools » T | ¥ Tracks & 7 ~
|20 |30 [340 950 |60 370

P s

154

Genes L2 ®

;gc RgT GGT GGC GGT CAG ATG GGT GIC TAC CCT GGC ATG CAG AAT GAG AGG CAT GGG CAR TCC TIT GIG GAC AGC AGC TCC ATG TGG GGC CCC AGG GCT GIT CAG GTA Cgﬂ GA(

2] ) [} Q M [} U Y P ¢} 3} 0 N E R H G Q S [ U D S S S M W [} P R A v Q u
BLAST Results for: Nucleotide Sequence (20 letters) (Y 20 ®
Query_188761
GAGGCATGGGGCAATCCTTTG
|87@ |sse |98 |90 [910 |920 |930 |940 |95@ |96@ |970

GAGGCATGGGCAATCCTTTG Pam sequence
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However, if we introduce 3 nucleotide mismatches, there could

be 5 off-target effects

Each result will be kept on server for 3 days only.

If the result file is blank, it means there is no matched sequence within the given mismatch number.

URL of this page: http://www.rgenome.net/cas-offinder/result?hash=dbabc403562143108dc2062f6e7a727f

JobID Title Submit Date End Date Status
76404 Untitled April 12,2017, 1:17 am. | April 12,2017, 1:17 a.m. | Finished! Download result (or old-style result)
[ Bulge Type ] [ DNA bulge } [ RNA bulge ] [ Mismatch ] [ Download filtered result ]
‘ First ‘ Previous ‘ 1 l Next ‘ Last }
Bulge Type Target Chromosome Position Direction Mismatches Bulge Size
X CrRNA: GAGGCATGGGCAATCCTTTGNGG chrg 60741827 + 0 0
DNA: GAGGCATGGGCAATCCTTTGIGG
X CrRNA: GAGGCATGGGCAATCCTTTGNGG chr1 172448860 - & 0
DNA: GAGaCATaaGCAATCCTTTGGGG
X CrRNA: GAGGCATGGGCAATCCTTTGNGG chr13 21715920 + 3 0
DNA: GAGGCATGGGaAAaCLTTTGGGG
X CrRNA: GAGGCATGGGCAATCCTTTGNGG chr15 69665835 - & 0
DNA: GAGGCATGGGCAgCCCTTaGAGG
X CrRNA: GAGGCATGGGCAATCCTTTGNGG chré 116060166 - 3 0
DNA: GAGGCATGGCCACTaCTTTGTGG
X CrRNA: GAGGCATGGGCAATCCTTTGNGG chro 75453684 - 2 0

DNA: GAGGCATGGGacATCCTTTGAGG
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sgRNAs to CHD7 exon-1 in all-in-one pLentivector

CHD7 Target 1- gRNA: 396 GAGGCATGGGCAATCCTTTG
CHD7 Target 2- gRNA: 1234 GCACTTCCCGGCCTGACTTG
CHD7 Target 3- gRNA 1322 GTGCCATGGGAATCGGACAG

WCaSQ -2A: Puro

pLenti-U6-sgRNA-SFFV-Cas9-2A-Puro

11.8kb
Ampicillin" rep. origin 3’LTR
Vector Name pLenti-Ub-sgRNA-SFFV-Cas9-2A-Puro
VectorType Lentiviral Vector

Bacterial: Ampicillin

Antibiotic Information . :
Mammalian: Puromycin
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Preparation of DNAs (sgRNAs) in pLentivirus vector

WCaSQ-ZA- Puro

| .
pLenti-U6-sgRNA-SFFV-Cas9-2A-Puro U

11.8kb

Ampicillin" rep. origin 3’LTR

}

Transform £ Coliand grow in an ampicillin containing LB plates

}

Pick transformed E. coli colony from plates

}

Grow E coliin 100ml LB medium culture overnight
l Neil Wary

Prepare DNAs, quantify and check it in a agarose gel
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Generating lentivirus all-in-one CHD7 sgRNA

Transfect
Retroviral Gene Transfer and Expression User Manual with sgRNA-pLentivirus
l. Introduction continued
Overnight
Packaging Cell
1) Transfection (prsciglt;ﬁfe;\grgarlartjerz%tgzﬁgsr?m Amphopack cell lines

integration
Retroviral @ transient

Split into 3 dishes

s s

Add puromycin to kill
4) Packaging untransfected cells

5) Budding of infectious but 3
% replication-incompetent virus

B o A Expand, freeze puromycin resistant

cells; and collect virus supernatant.

Figure 1.Virus production in packaging cell lines. The gag, pol and env genes required for
viral production are integrated into the packaging cells genome.The vector provides the
viral packaging signal, commonly denoted \V*, a target gene, and drug-resistance marker.
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Normal human fibroblast cells infected with

Lentivirus driving the CHD7 sgRNA

%—% \Day—l Day-3 Day-28

Lentivirus from 48 hours #
amphopack cells ‘ Human fibroblasts | ‘
are used to '
infect fibroblast cells >< >< ».4
A g g A i A A P
+ CRISPR/Cas9 -CHD7-¢gRNA Add puromycin Puromycin resistant

cells are now CRISPR-ED.

Experiment#1: Make DNAs for PCR <
and DNA sequencing @ﬁf‘v’}

Experiments#2-7: || Expand cells and do functional studies | <
e

S
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Diagnostic test for CHD7 gene editing

CHD7-NW-2F: 5-CCATCCCTTCATCATCCTTCAAC-3
CHD7-NW-2R: 5-GTAAGGATATCGAGAATACTGCCC-3’

cntrl clones derived from #8 sgRNA
MW 0 1 2 3 4 5 6

cntrl clones derived from #8 sgRNA
MW 0 7 8 9 10 11 12

R e Wi
—mt

wt PCR product size: 792 bp
mt PCR product size: 500 bp
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An example of CHD7 gene editing DNA sequencing result

A

MT

CTATGGGTCAGCAAATGCCAATAGACCAAGGCTTTGCCTCTTTACAGCCATCCCTTCATCATCCTTCAAC
TAATCAAAATCAAACAAAGCTGACACATTTTGATCACTATAATCAGTATGAACAACAAAAGATGCATCTG
ATGGATCAGCCGAACAGAATGATGAGCAACACCCCTGGGAACGGACTCGCGTCTCCGCACTCGCAGTATC
ACACCCCTCCCGTTCCTCAGGTGCCCCATGGTGGCAGTGGTGGCGGTCAGATGGGTGTCTACCCTGGCAT
GCAGAATGAGAGGCATGGGCAATCCTTTGTGGACAGCAGCTCCATGTGGGGCCCCAGGGCTGTTCAGGTA
CCAGACCAGATACGAGCCCCCTACCAGCAGCAGCAGCCACAGCCGCAGCCACCGCAGCLCGGLTCCETCGGE
GGCCCCCTGCACAGGGCCACCCTCAGCACATGCAGCAGATGGGCAGCTATATGGCACGTGGGGATTTTTC
CATGCAGCAGCATGGTCAGCCACAGCAGAGGATGAGCCAGTTTTCCCAAGGCCAAGAGGGCCTCAATCAG
GGAAATCCTTTTATTGCCACCTCAGGACCTGGCCACTTGTCCCACGTGCCCCAGCAGAGTCCCAGCATGG
CACCTTCCTTGCGTCACTCGGTGCAGCAGTTCCATCACCACCCCTCTACTGCTCTCCATGGAGAATCCGT
TGCCCACAGTCCCAGATTCTCCCCGAATCCTCCCCAACAAGGGGCTGTTAGGCCGCAAACCCTTAACTTT
AGTTCTCGGAGCCAGACAGTCCCCTCTCCTACTATAAACAACTCAGGGCAGTATTCTCGATATCCTTACA

WT C WT AATCCTTTGTGGACAGCAGCT

WT: wild-type MT: mutant

E wmT AATCCTTTGTGG/15 nt del
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Validation of CHD7 gene editing by Western blot

ctrl |vctor| #8

WB:
CHD7

A 335-

250-
180-

180-
115-

75-

-catenin

55-

C 75-
55-

35-
(kDa)

Sox-2

Total cell lysate

®
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An example of CHD7 mutant fibroblast cells

50 pm

Green: Tubulin; Red: actin: Blue: DAPI (nucleus)
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Summary:

Here, we:

1. Generated CRISPR/Cas9 lentivirus using three different sgRNAs.

2. Produced human fibroblast cells, in which CHD7 gene is mutated
or deleted.

3. Used DNA sequencing method to identify and characterize the
exact mutation.

4. Gearing up to carry-out functional study of this mutant gene
using genome edited fibroblast cells.

Future Study:

These novel cell lines should become useful to screen drugs that
could either increase (agonist) or decrease (antagonist) the expression

of CHD7 - in the long run may aid in improving the lives of
CHARGE children.
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