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=W nang phat trién cong nghé CRISPR/Cas9




w‘ H é th 6 ng chinh stra gen CRISPR/Cas9




Chinh sira gen Chuyén gen
(Genome editing) (Gene transformation)

Tao ra nhirng thay doi
trén trinh tw gen ndi sinh

Pwa DNA ngoai lai vao
hé gen té bao chu theo

cach ngau nhién,
knong co vi tri xac dinh

theo cach co chu dich,
tai mot vi tri xac dinh

Non-GMO >< GMO



| Muc dich chinh swra gen? '

o dot bien

Pha v& cau truc Chén thém
\
|
- Kiém soét biéu hién gen
- Tao SNP
- Tao san phdm dung hop v&i protein ndi sinh




Lich sir phat trién

1989: 1998: 20009: 2013:
Chinh stra Phat hién Phat hién co ché Coéng nghé
gen bang protein ZF hoat déng clia CRISPR/Cas
HR nhan biét DNA TAL effector ra doi

:' dac hiéu : ' .
O O O O
O O O
1992 2000: 2011:
Cong nghé Phat hien co Tap chi Nature binh
Cre-Lox ra ché phong vé chon TALEN la
doi CRPSPR/Cas “Phwong phap cua
¢ vi khuan nam”



Zinc finger nuclease TAL effector nuclease CRISPR-associated nuclease
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2. Cat DNA so’i doi
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3. Stra chira DNA tao dét biéen
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Tao indel ngiu nhién Tao dét bién cé chu dich
(Thém/mét Nu) -> Knock-in/out gen

-> Knock-out gen Tao dot bién dac hiéu/SNP

Xoa/thém/dung hop gen
Nghién cltru promoter



' Loai bo/gay diém
doét bién
promoter

—m Promoter

dmni LT Tao d(’.‘)t blén

Chén thém
Exon

Thém/loai
bo vi tri
lién két TF

Bat hoat gen

Knockout gen
c6 diéu kién
bang Cre-Lox

Chén thém

promoter hoat

dong lién

tuc/cam rng

Dung hop
v&i gen chi
thi

Loai b6 yeu
to dieu hoa
MmiRNA




G gRNA - DNA

CRISPR/Cas9

/

Protein - DNA Protein - DNA




> 1 domain ZF nhan biét 3 Nu
> Cat 1 diém trén DNA soi doi
> Thiétké ciu tric rat phirc tap

TALEN: > Trinhty dich: 24 — 59 Nu
» 1 domain TAL nhan biét 1 Nu
> Cat 1 diém trén DNA soi dbi
» Thiétké cAu trac phirc tap

CRISPR: > Trinhtw dich: 20 — 22 Nu
> Lién két bb sung gitra gRNA-DNA
> C6 thé cat ddng thdi nhiéu vj tri

> Thiétké cau truc don gian



Nhanh/ Reé

CRISPR/
CAS9

Pon gian
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Chinh xac / Dac hiéu







CRISPR-Cas 1a g1?

CRISPR: Clustered Regularly
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Protein
Cas

Co ché dap rng mién
dich ctia vi khuan va
tao

Tién hoa theo hwéng
thich nghi béo vé té
bao chdng lai vat liéu
di truyén ngoai lai

Co6 mot sb co ché
CRISPR khac nhau &
tdo va vi khuan

CRISPR/Cas9 — loai |l
tao dot bién dut gay
DNA s¢i doi trén trinh
tw dich




TR tracrRNA: trans-activating
CRISPR RNA (tracrRNA)

@ Protein CasQ PAM : Protospacer

Adjacent Motif

Motif bao thu

Genomic DNA PAM

@ crRNA o e HEHE 3")

(2) tracrRNA

CAu tric hé thénﬁ CRISPR-II & vi khuan



Co ché sira chita DNA ciia sinh vat nhan chuan

Dt gay soi doi
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Ghép noi khong Stra chira tai to hop
twong dong (NHEJ) twong dong (HDR) ~ ====s®
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H¢é thong chinh sira gen CRISPR/Cas9 |
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| Hé théng CRISPR/Cas9

cua vi khuan

Hé thong chinh
+ . stra gen
CRISPR/Cas9
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Bo may swra chira >
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' Hé thong chinh sira gen CRISPR/Cas9 ¢ thure vt

\%
_ > Biéu hién protein Cas9
@ Protein Cas9 . cla vi khuan/nam men
\ PAM trong té bao thwc vat
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Co ché hoat dong ciia hé thong CRISPR/Cas9

Mew DNA

¥

Thiét ké gRNA ap trinh tw dich
(20 Nu) trong hé gen nam phia trwéc
motif PAM (NGG/NCC)

Cas9 cat DNA soi doi trong hé gen

DNA bi dwt gay tai vi tri cap base thw
3 phia trwéc motif PAM (NGG)

Pot bién dut gay DNA duoc stra
chira theo co ché NHEJ hoac HDR
— NHEJ: tao dét bién ngau nhién
» Knock-out gen
— HDR: tao dot bién chinh xac
» Knock-in/out gen
» Tao doét bién dac hiéu
» Dung hop gen




e Cas9-nickase:

“""' e dCas9:

Cas9 nguyén ban
Nhan biét + cat DNA soi doi

camcm:nc-"
m nhwng
\ e dCas9 dung hop:

Cac bién thé ciia hé thong CRISPR/Cas9

lien két DNA va cat
DNA trén 1 soi don

mat hoat tinh
nuclease

-> lien két DNA
khong cat DNA

domain hoat hoa
phién ma

domain &c ché phién
ma

protein chi thi (marker)
Fokl nuclease



phwc tap

Nhanh!Re > Tinh d&c hiéu dwoc quyét
dinh b&i 20 Nu -> tbng hop
don gian

CRIS
CASQ

Pbon gian

> Co thé chinh stra dong thoi
nhiéu vi tri cung lac

> Co6thé cat dwoc DNA bj
methyl hoa

» Cong nghé CRISPR co6
chinh sach mé trong gidi
khoa hoc

Chinh xac / Bac hiéu




Gen ma hoa protein Gen khéng ma hoa protein
Protein Coding Gene Non-protein Coding Gene
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¥ Non-coding RNA

e.g. IncRNA, miIRNA

Protein '
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* Nghién ctru chirc nang gen

* Nghién ctru chirc nang promoter



Ung dung hé thong CRISPR/Cas9

3 Tao dot bién chinh xac

* Tao ra/Stra chirva SNP
e Xoa/chén Nu/codon

« Danh dau gen ndi sinh
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Ung dung hé thong CRISPR/Cas9

. Can tré qua trinh phién ma:

Transcription f' _B
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* S dung nhw Mot nhan to phién ma:

CRISPRa v CRISPRI
& B \/Hoat hoa 4




5. Knock-out gen c6 diéu kién (chen them v tri L
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Ung dung hé thong CRISPR/Cas9
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l Tao 2 vi tri durt gay DNA

lSl’ra chira NHEJ




Ung dung hé thong CRISPR/Cas9

kiém soat (vi tri ¢
CRISPR/Cas9

g

Chromosome 19

Donor DNA ORF PGK [NBHEGEN RHA

8. Chinh stra RNA (cat RNA soi don)

Cas9-gRNA
.
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Gan marker vao Cas9 chat bieén doi cau

tric NST dwoc gan
vao Cas9
. DNA J Chromatin
< Modifier o2
“¥—Marker <L e ﬁ‘-’i}j
, b £5
Panh dau DNA ’ ‘
) pigenetic
Histone Modification
| Kiém soat di truyén
ULl T RNA ngoai gen (epigenetic)

Danh dau RNA




Ung dung cong nghé¢ CRISPR trong nong nghiép

hwéng co loi (vd: gen |
(Vd: gen lién quan dén dép ting
stress, nang suat, chat lwong...)

-out gen:
anh, gen trc ché dap
tng stress, gen khong co lgi cho
néng suét...)

Dung hop gen
(Vd: gén gen chi thi dé nghién
ctru chire ndng gen/promoter...

Kiém soat biéu hién
gen dich

(Vd: bat hoat gen khéng co6 loi, tang
cuong biéu hién gen co loi...)

Thay déi/chinh stra Chuyén gen
promoter (Vd: gen lién quan dén tang cuong dap
g stress, khang bénh, khang thudc trcr

Vd: bat hoat gen khéng co loi, tin oo T p p
( 9 g ! g Ssau, nang suat, chat lwong...)

cuong biéu hién gen cé 10i...)



"1} Gioithigu cong nghg chinh sira gen

Hé thong chinh stra gen CRISPR/Cas9

3" . Tiém ning phat trién cong nghé CRISPR/Cas9
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' Lich st phat trién cong

2007:

1987 Chirng mi o

~Phat hién vang- ey e

e R ché mién dlCh

lap CRISPR CRISPR Biduhién thanh  2013:
2002: 2009: céng hé thdng Chinh stva gen
Xac dinh cac Phat hién phi)c hé  CRISPR loai I sinh vat nhan
gen Cas cit RNA CRISPR ghuagn bang

as

2005: 2014:
Nguén gbc cla spacer, Cas9 hoat dong Séng loc hé gen
dw doan chirc nang dwa vao trinh tw bang CasQ ]
mién dich. spacer va cat DNA Cau tric tinh thé
Phat hién trinh tw PAM dich tao DSB Cas va phtrc hé
Cas9-RNA-DNA

2000: 2008: 2012:

Phat hién ho CRISPR hoat déng Nghién ctru in vitro

CRISPR & dwa vao DNA dich; dac diém cla DNA

nhiéu sinh vat spacer bién dbi dich nhan biét b&i

nhan so’ thanh crRNA Cas9



CRISPR funding in
2014 lagged behind
the nearly $160 million
for iPS-cell research.
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TOP 5 PATENT APPLICANTS:

Massachusetts Institute of Technology (MIT):
Broad Institute:

MIT bioengineer Feng Zhang:

Danisco:

Dow Agrosciences:
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Mame
PCT
United States

No
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China

Eurcpean Patent
Office

Russian Federafion
Canada

.295

Japan
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Fortugal
Mexico

1
1

Spain
EAPO

1
1

Name MNo
' THE BROAD INSTITUTE, INC. 14
| SANGAMO BIOSCIENCES, INC. 11
| CELLECTIS 11|
.| THE REGENTS OF THE UNIVERSITY OF I : |
| GALIFORNIA _
PRESIDENT AND FELLOWS OF HARVARD :
. | colLEcE
THE BROAD INSTITUTE INC. 8
| Sangamo BloSciences, Inc. T
IThe Broad Instilule, Inc. 6
 DOW AGROSCIENCES LLC 6
 DANISCO 6

ZHANG, Feng

Zhang Feng

ZHANG Feng

Barrangou Rodolphe

HORVATH PHILIPPE

GREGORY, Philip D.

DUCHATEAU, Philippe

Cost Gregory J.

CHURCH, George M.

BARRANGOU
RODOLPHE

'l.-ll|~h#-h-hi.l'lmm

Ngubn: Té chirc sé& hiwu tri tué thé gidi— WIPO - 2015




Cac sinh vat da ap dung cong nghé CRISPR/Cas9
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Nghién ciru CRISPR/Cas9 trén thue vat

Loai Gen dich

| Arabidopsis thaliana AtPDS3, AtFLS2, AtRACKIb, AtRACKI,
GFP. CHLI, CHL2, TT4i, BRIIl, JAZI,
YFP
Nicotiana benthamiana NbPDS3, NbPDS, Nbpds, NbPDS, GFP
Oryza sativa OsPDS, OsBADH?, Os02g23823,

OsMPK2, OsSWEETII, OsSWEETIA4,
OsMYBI, ROCS, SPP, YSA, OsMPKo),

CAOI, LAZY1
Triticum aestivum TaMLO, Tainox, TaPDS, TaMLO-Al
Sorghum bicolor DsRED?2
Marchantia olymorpha L. |MpARF'I
Citrus sinensis CsPDS




¥ Tiém niing tng dung cong nghé CRISPR/Cas9

Liéu phap gen dieu
i tri bénh 6, ngu,‘o,i

Sang loc dich tac Khoa h‘?_‘f nong
ddéng cua thuoc nghiep

(vd: cai tao giong cay
trong, vat nudi...)

Kiém soat vector
hé sinh thai
(vd: kjém soét si phét
trién cua muai...)

Sinh hoc téng hop
(vd: céi bién cac con
dwong sinh tong hop...)

Pha v& hé gen Xac dinh RNA dich
virus, hé gen cua theo lap trinh
mam bénh



Dinh huwong nghién ciru it'ng dung cong nghé

Cai thién chat
lwvo'ng hat gao

Chinh sira gen YR Tang kha nang
‘ khang bénh

Tang strc chong
chiu stress




Dinh huwong nghién ciru uwng dung cong nghé

CRISPR/Cas9 cua Bo mon BHPT - Vién DTNN

= OSTB1 diéu hoa am tinh s6 nhanh trén cay
= OsDPT. dlgu hda am tinh chiéu cao va sb nhanh trén béng
= OsGS3: diéu hoa am tinh kich thwdc hat

> Cai thién chat lwong gao:
= OsBADH2: quy dinh mui thom & lua

» Tang kha nang khang bénh:
= OsSWEET14, OsSWEET11,...: ién quan dén tinh man cam v&i vi khuan bac l1a

> Tao gidong khang thuoc diét cé:

= OsASL1, OsASL2 (ma hoa Acetolactate Synthase) -> dot bién thay thé axit amin
W548L va S627I

= OsEPSPS (ma hoa 5-enolpyruvylshikimate-3-phosphate synthase) -> dét bién thay
thé axit amin T1691, P173S, G168A, T169l va P173S

> Tang kha nang chong chiu stress

= Cai bién cac con duwong sinh tdng hop chéat hoa tan, hooc mén tham gia dap rng
chong chiu stress han, man, lanh, nhiét d6 cao... 5 5
= Thay thé promoter clia cac gen dap ing stress -> kiém soat biéu hién gen
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