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THIET KE CAU TRUC CRISPR/CAS9 TAO POT BIEN GEN ADH TREN CA CHUA
Lé Thi Hoa', Nguyén Thi Lan Hoa', D6ng Huy Gi6i?,
Nguyén Thi Thanh Thuy?, Roland Schaftleitner*

TOM TAT
Hé thong CRISPR (Clustered Regularly Interspaced Short Palindromic Repeat) Cas9 la mot cong nghé méi trong
linh vuc chinh stia hé gen. Nghién ctiu nay da thiét ké dugc hai guideRNA (gRNA) b6 sung véi trinh tu exon 2
va exon 4 cua lan lugt 2 gen dich Alcohol dehydrogenase ADH2-4 va ADH2-6 va bién nap cac doan nay vao vector
pKSE401. PKSE401 la vector c6 mang hé thong CRIPSR/Cas9 cam ting giy dot bién & thuic véat. Hai vector dugc thiét
ké lai v6i cac doan gRNA mdi dugc dit tén pKSE401-ADH2-4 va pKSE401-ADH2-6 da dugc bién nap thanh cong
vao chung vi khudn A. tumefaciens GV3101. Céc vector nay dugc chuén bi san sang cho céc cong tac bién nap vao

ca chua & cac budc tiép theo.

T khoa: gRNA, CRISPR/Cas9, alcohol dehydrogenase, ca chua

1. PAT VAN DE

Cong nghé chinh stia gen ngay nay dudc coi la
tuong lai clia cay trong thé hé méi. Nam 2011, Lusser
va cong su da cong bo nghién ctiu vé mot ki thuat
mdi gay dot bién tai vi tri xac dinh - CRISPR/Cas9
(Clustered regularly interspaced short palindromic
repeat-Cas9) v6i bo mdy hoat dot t6i gian hon va
dem lai hiéu qua cao hon (Cong et al., 2013; Mali et
al., 2013). V6i cong cu mdéi nay, cho dén nay nhiéu
loai cay trong da dugc thu nghiém dé tao dot bién co
cht dich nhu lta gao (Li et al. 2012), khoa tay (Sawai
et al., 2014), ca chua (Lor et al., 2014). Ung dung ky
thuat CRISPR/Cas9 cii tién hé gen ca chua htia hen
sé 1a mot hudng di day tiém néng, tiét kiém dang ké
thdi gian va cong stic dé chon tao giong dot bién méi
dua trén co s6 chinh stia nhiing dic diém tinh trang
chua hoan hao ctia thé hé giong trudc.

Nghién ctiu nay da lya chon gen dich Alcohol
dehydrogenase (ADH), 1a m¢t ho gen 16n va c¢6 vai
trd quan trong trong nhiéu loai sinh vét dé thiét ké
gRNA cho vector CRISPR/Cas9 chinh stia gen nay.
Hai gen thu¢c ho gen ADH nam tai nhiém sic thé s6
4 va nhiém sic thé s6 6, c6 chiic ning b sung cho
nhau. Vi vay, khi CRISPR/Cas9 gay ra nhiing thay
doi trén gen 1am bién mdt chic ning thi cing khong
anh hudéng dén sy sinh tén ctia ciy (Christopher et
al,, 2014).

II. VAT LIEU VA PHUGNG PHAP NGHIEN CUU
2.1. Vat liéu nghién citu

- Thong tin trinh ty gen ADH truy xudt tlii co s&
dii liéu hé gen ca chua:

Gen ADH2-6: https://solgenomics.net/feature/
17847465/details

Gen ADH2-4: https://solgenomics.net/feature/
17800027/details

- Vector pKSE401 (Qi-Jun Chen, 2014) va dong
vi khuén A. tumefaciens (GV3101::pMP90) dugc
cung cdp bsi Addgene. Co.

- Céc enzyme gi6i han do cong ty NEB cung cép,
cac oligo nucleotide do cong ty Yourgene, Pai Loan
tong hop.

2.2. Phuong phap nghién ciu
2.2.1. Thiét ké gRNA

- Chuong trinh Cas9 Designer (http://cas9.cbi.
pku.edu.cn) dugc st dung dé thiét ké gRNA (Ma et
al., 2013).

- Céc cdp méi dac hiéu khuéch dai vung gen
dich co chta vi tri tuong ting véi gRNA dugc thiét
ké bang phin mém Primer3 (http://bioinfo.ut.ee/
primer3-0.4.0/primer3/).

2.2.2. Thiét ké vector tdi t6 hgp CRISPR cas9

Doan gRNA dugc bién nap vao vector pKSE401
bang phuong phap Golden Gate assembly (Engler
et al., 2014) v6i enzyme Bsal (10U/pl): Vector
pKSE401 dugc cit ma vong boi enzyme Bsal (10U/
ul) hoat dong & nhiét dot 37°C khoang 1.5~2h. Tao
vector tdi t& hgp bang phan tng ndi véi thanh phan
phan tng: 5 ul nudc cit, 2.5 pl doan chen DNA, 1
ul vector da mé vong, T4 DNA ligase 0.5 pl va 1X
buffer dugc 1 qua dém & diéu kién 4°C. Kiém tra
vector tdi t6 hgp mang gRNA bang cap moéi dic hiéu
ADH2-4/6F/R cho phan ting PCR véi thanh phén:
1x buffer, 0.25mM dNTP, 20mM méi, 0.5 unit Taq
va 25ng DNA plasmid, v6i chu trinh nhiét: bién tinh
G 94°C -4 phut, 35 chu trinh: 94°C -35 giay, 55°C -
35 gidy, 72°C - 1 phat, t6ng hgp tiép & 72°C trong
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5 phut, bdo quén tai 4°C. San phdm PCR dugc dién
di trén gel agarose 1% véiladder 1kb ctia Fermentas
diéu kién 100V trong 30 - 40 phut.

2.2.3. Bién nap vector tdi t6 hgp CRISPR/Cas9 vao
vi khudn A. tumefaciens

Vector tdi t8 hgp bang vi khudn E. coli. Tach
DNA plasmid st dung kit mini plus Plasmid DNA
extraction system Macrogen dam bao néng d6 DNA
du 16n détién hanh bién nap. Chuyén plasmid DNA
vao Agrobacterium tumefaciens biang phuong phép
sOc nhiét (Van Eck et al., 2007).

III. KET QUA VA THAO LUAN

3.1. Thiét ké gRNA dic hiéu cho 2 gen muc tiéu
ADH2-4va ADH2-6

Nghién ctiu nay st dung chuong trinh Cas9
Designer (http://cas9.cbi.pku.edu.cn) do Ma va cong
suphattrién (Maet al.,2013). Chuong trinh cho phép
xac dinh truc tiép gRNA bang cach dua vao céc trinh
tu gen dich v6i cac tiéu chi lua chon chinh: Tinh duy
nhét, vi tri trén gen, ty 1é GC va uu tién cb vi tri cit
enzyme. K&t qua cho ra nhiéu gRNA ¢ vi tri tuong
tng ndm trén gen dich va da téi uu theo cic diéu

kién chon lgc. Trong nghién ctiu nay, trinh tu dua
vao chuong trinh Cas9 Designer la cdc ving exon 2
ctua gen ADH2-4 (Solyc04g064710.2.1) va exon 4 clia
gen ADH2-6 (exon: Solyc06g059740.2.1.10). Day la
cdc vung exon c6 trinh tu ma hoa protein 16n nhat
trén cdc gen.

V6i céc diéu kién chon loc nhu: Tinh duy nhét
trong hé gen va ti 1¢ AT trong trinh tu (~50-60%),
chuong trinh Cas9 Designer dua ra 5 va 3 trinh ty
gRNA phu hgp cho lan lugt hai gen ADH2-4 va
ADH2-6. Trong s6 do, nhiing doan gRNA & phia dau
ctia exon nhét dugc tiép tuc lua chon dé c6 kha ning
tdc dong 16n nhdt vao gen. D€ qua trinh sang loc
dot bién dugc thuan lgi, gRNA cén c6 thém cac dac
diém uu tién: c6 vi tri nhén biét ciia mot enzyme cat
gi6i han va nam gan trinh ty PAM. D€ phuc vu viéc
bién nap gRNA vao vector pKSE401, gRNA dugc
thiét ké la sgi oligo kép, c¢6 2 d4u so le b6 sung véi vi
tri cit enzyme gi6i han tuong ting la Bsal trén vector
pKSE401. Vi tri enzyme cit c6 trinh tu bo trai va bo
phai lan lugt la TAAC va TTTG. Thuc hién tuong tu
vGi ca 2 gen ADH, gRNA sgi kép dugc thiét ké véi
cdc enzyme cat gidi han tuong tGing dugc thong ké
trong bang 1.

Bang 1. Trinh ty gRNA dugc thiét ké cho gen ADH2-4 va ADH2-6

. L, AT Vi tri trong
Gen Oligo sgi kép gRNA (%) h¢ gen va trong gen Enzym
ADH2-4 5,ATTGGGTGTTACAGATCTTCAACC3 | 60 SL2.50ch04:55859796-55859815(+) BSNI
S’AAACGGTTGAAGATCTGTAACACC3
ADH2-6 S’ATTGGCAATATGTGTAGCCTCTTA3’ 60 SL.2.40ch06:33997297-33997316(+) AR
| > AAACTAAGAGGCTACACATATTGC3’

Dé khuéch dai viing gen dich c6 chua vi tri tuong
tng v6i gRNA trén vector bién nap phuc vu viéc kiém
tra hiéu qua bién nap va khao sat cac dot bién tao boi
hé théng CRISPR/Cas9 & ca chua sau nay bang phan
tng PCR, hai mdi ddc hiéu ADH2-4 va ADH2-6 da
dugc thiét ké st dung phan mém Primer3 (http://
bioinfo.ut.ee/primer3-0.4.0/primer3/). Trong trudng

) RNA PAM

|
(a) X ‘
GAATTCTTGGACATGAAGCAGCAGGGTATGATTGTGGAGAGT GTTGGAGAGGGAGTAACAGACCTTGC
ACCAGGAGACCATGTTCTTCCTGTCTTTACAGGGGAATGTAAAGATTGTGCTCACTGTAAATCTGAAC
- TRA T AMI
AAAGCAATATGTGTAGCCTCT TAAGGATTAACACTGACAGGGGAGTGATGCTTAATGATGGAAAATCA

AGATTTTCCATCAATGGAAACCI PAM "ACCATTTTGTTGGGACCTCTACTTTTAGTGAGTACACCGT
-

GGTTCATGTTGGATGTGTTGCAAAAATTAACCCTCTTGCTCCTCTTGACAAAGTATGTGTCCTTAGTT

GTGGAATTTCGACAGGCCTTGGAGCAAGTTTGAATGTTGCTAAACCAACAAAAGGCTCAAGTGTGGCT

hop c6 dot bién thém hodc mat doan, cac bang sé cd
kich thudc khac nhau khi kiém tra san phdm PCR
trén gel acrylamid 6%. Cac cdp moi nay dugc thiét
ké dac hiéu khuéch dai vung c6 chita gRNA, PAM
trén vector va ca trong cdu tric dugc dua vao ca
chua sau nay (Hinh 1, Bang 2).

(©)

TTCTGGGAAGCTAAGGGACAAA(ACCTTTGTTTCCTCGAATTTTCGGACA;‘S';"

AAGCTGGAGGAATTGTGGAGAGTGTAGGTGAAGGTGTTACAGATCTTCAACC]
2-4F -

PAM
AGGAGATCATGTTCTTCCTGTGTTTACCGGAGAATGTCAGCAATGCCGTCAC
TGTAAATCATCAGAAAGCAACATGTGTGAACTCCTAAGAATAAATACAGACA
GGGGAGTTATGATTAGTGATGGTCAAACAAGATTTTCCAAGGATGGAAAGCC

2-4R

GATATACCACTTTGTTGGAACTTCCACTTTTAGTGAATACACTGTTGCTCAT

Hinh 1. Thiét ké méi (a), mo6i PCR dac hiéu trén gen ADH2-6 (b) va gen ADH2-4 (c)
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Bang 2. Cép mdi dic hiéu khuéch dai viing gen dich

Moi Trinh ty %GC Ta Kich thudc
ADH2-4F AAT TGT GGA GAG TGT AGG TGA 50% €0°C 170b
ADH2-4R CCA TCA CTA ATC ATA ACT CC 48% P
ADH2-6F ACC AGG AGA CCATGT TCT TC 52%

60°C 224bp
ADH2-6R ACA CAT CCA ACATGA ACCAC 50%

Sau khi hoan thanh thiét ké va lya chon gRNA
cung v6i modi PCR, enzyme cit gi6i han, thi nghiém
ti€p theo dugc tién hanh: bién nap gRNA vao vector
6 chtia san trinh ty ma hoa enzyme Cas9.

3.2. Thiétké vector tai t6 hgp CRISPR/Cas9 va bién
nap vector tai t6 hgp chia hé thdng CRISPR/Cas9
vao vi khuin A. tumefaciens (GV3101::;pMP90)

Vector pKSE401 dugc thiét ké bsi Xing-Jun Chen
va cong su (2014) dua trén khung pCAMBIA. Vector
nay c6 chia 2 hé thong biéu hién déc hiéu promoter
U6-26 diéu khién biéu hién gRNA va promoter
CaMV 35S diéu khién biéu hién cta cas9 (Xing et
al, 2014). O thuc vat, promoter EF1A, CMV, UBO

lacZa
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@ /—- — 9
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pVS1 staA
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pKSE401-ADH2-4
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KmR i >
/

/
KanR

A%
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da dugc nhiéu nghién ctiu st dung d€ di€u khién
enzyme cas9 va promoter RNA III U26 biéu hién cho
gRNA (Khaoula et al., 2013). Vector pKSE401 c6 vi
tri nhan dién enzyme cit giGi han Bsal. Uu diém ctia
viéc st dung enzyme Bsal la enzyme c6 gia tuong d6i
thép so véi cac enzyme khdc, chi bing 1/50 gia cua
enzyme Aarl, gitp md& vector pKSE401 c6 thé bién
nap mot hay nhi€éu gRNA, nhung nhu cdc enzyme
khac trong phuong phéap golden gate, enzyme nay
cat ADN & ngoai vung cdc nu nhan dang, tao dau
so le, va thong thuong san phdm cudi cung sau khi
clone lai khong con vi tri nhén dién cit cta enzyme,
kho ma cat lai dugc 14n nita bang chinh enzyme do.

lacZa
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Hinh 2. Vector pKSE401-ADH2-4 va pKSE401-ADH2-4 mang gRNA
dugc thiét ké ti exon 2 ctia gen ADH2-4 va exon 4 ctia gen ADH2-6

Dé bién nap gRNA vao vector pKSE401, gRNA
dugc thiét ké 1a sgi oligo kép, c6 2 diu so le b sung
V61 vi tri cdt ctia enzyme Bsal trén vector pKSE401.
Cac doan gRNA dugc bién nap vao vector pKSE401
bang phuong phap Golden Gate (Engler et al., 2014).
Enzyme Bsal cit roi plasmid 1 doan khoang 1200
nu d€ hd ra 2 du so le ¢6 trinh ty b trai va bo phai
lan lugt la TAAC va TTTG. Cac doan gRNA dugc
ndi vao diém cat so le nay bang enzyme ndi ligase
v6i ti 1€ 3:1 (3 gRNA /1vector). Bién nap gRNA vao
vector pKSE chinh la thay thé doan trinh tu hon
1000bp bang gRNA c¢6 kich thuéc hon 20bp. Két
qua bién nap thu dugc 2 vector pKSE401-ADH2-4
va pKSE401-ADH2-4 mang gRNA dugc thiét ké tu
exon 2 ctia gen ADH2-4 va exon 4 ctia gen ADH2-6
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cuing cdu truc cas9 tich hgp san trong khung vector
pKSE401 ban dau (Hinh 2).

Sau khi x4y dung thanh cong vector tai t6 hop
pKSE401-ADH mang gRNA, plasmid dugc bién nap
vao vi khudn A. tumefaciens GV3101 bang ki thuét s6c
nhiét (Van Eck et al., 2007). Vi khudn A. tumefaciens
bién nap dugc nuodi cdy trén mai trudng YEP dic b
sung thém khang sinh chon loc kanamycin 50mg/1.
Sau 48h nuoi cdy trong diéu kién 28°C, nhiing khuén
lac tot, phat trién dong déu dugc chuyén sang moi
truong YEP long b6 sung khang sinh kanamycine
nuoi cdy dé€ thu sinh khéi, tach plasmid (Hinh 3).
Kiém tra sy c6 mit cia gRNA trén céc plasmid
pKSE401-ADH2-4 va pKSE401-ADH2-6 bing phan
tung PCR st dung cdp mdi dac hiéu 401F/401R,
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dién di kiém tra kich thudc trén gel agarose cho
thdy san phdm khuéch dai da cé kich thudc nho di
(~232bp) so vdi kich thudc ban dau ctia d6i ching
la plasmid pKSE401 (1431bp), chiing td doan cheén
da thay thé thanh cong phén cit clia enzyme Bsal va
cac plasmid nay da dugc bién nap thanh cong vao
vi khuén A.tumefaciens (Hinh 4). Cic dong vi khuidn
A.tumefaciens bién nap thanh cong nay dugc luu git
dé ti€p tuc bién nap vdi ca chua d€ kiém tra kha nang
gy dot bién trong cac gen ADH.

2-4

pKSEA01-ADH

2500bp

1431bp
1000bp

500bp
232bp

Hinh 4. Két qua kiém tra plasmid sau khi bién nap

IV. KET LUAN VA KIEN NGHI

4.1. Két luan

Nghién cttu da thiét ké gRNA va tao dugc 2 vector
téi t8 hop pKSE401-ADH2-4 va pKSE401-ADH2-6
mang cdu trac CRISPR/Cas9 cho hai ADH2-4 va
ADH2-6. Cac plasmid da dugc bién nap thanh cong
vao dong vi khudn A. ttumefaciens GV3101.

4.2. Dé nghi

Tiép tuc bién nap cac cdu trac CRISPR/Cas9 dé
danh gia kha nang giy dot bién trén gen Alcohol
dehydrogenase & ca chua thong qua vi khudn
A. tumefaciens.
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Construction of gene targeting CRISPR/Cas9 vector
for genetic mutation inducing on tomato ADH genes
Le Thi Hoa, Nguyen Thi Lan Hoa, Dong Huy Gioi,
Nguyen Thi Thanh Thuy, Roland Schaftleitner
Abstract
CRISPR (Clustered Regularly Interspaced Short Palindromic Repeat) cas9 system is a novel technique for genome
editing. In this study, two guideRNA(gRNA) sequences targeted in two exon 2 and exon 4 of alcohol dehydrogenase
ADH2-4 and ADH2-6 genes, respectively, were reconstructed into vector pKSE401 carrying Cas9-expression
cassette. Two reconstructed plasmids pKSE401-ADH2-4 and pKSE401-ADH2-6 were also successfully cloned in A.
tumefaciens strain GV3101. These systems are in handy for the next step of transformation to tomato explants.

Key words: gRNA, CRISPR/Cas9, alcohol dehydrogenase, tomato
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NGHIEN CUU PA DANG HAM LUONG AMYLOSE VA MOT SO
TINH TRANG CHINH CUA TAP POAN LUA CAO SAN VA LUA MUA

HO6 Vin bugc!, Nguyén Thi Lang', Trn Thi Thanh Xa2,
Nguyén Thi Thdo Nguyén®, Bui Chi Btu®

TOM TAT

Viéc chon loc ciy b6 me la mot trong nhiing budc dau quan trong va quyét dinh dén sy thanh céng ctia phuong
phép lai tao ra giong lta méi. Do d6, dé tai dugc thuc hién nham dinh gid miic d6 da dang gitia 70 giéng laa cao
san va 88 gidng ltia mua trong ngan hang gen cta Vién Lua Péng Béing song Ctiu Long bang phuong phép ddnh gid
hinh thdi va cdc phuong phap sinh héa (ham lugng amylose va déc tinh nong hoc). Két qua cho thdy 70 giéng lia cao
san dugc chia thanh 3 nhém: nhém I (¢c6 TGST <90 ngay), nhém II (c6 TGST tit 90-100 ngay), nhém III (¢ TGST
>100 ngay). Bén canh d6, nhém lia mua cting dugc chia thanh 3 nhém: nhém I (c6 TGST tii 98-114 ngay), nhom II
(c6 TGST tui 115-127 ngay), nhom III (c6 TGST tui 128-136 ngay). Tuy nhién, ham lugng amylose ctia cac giéng lua

trong cung nhém ciing tuong déi khac nhau.

T khoa: Cay lua, laa mua, lta cao san, tinh trang ham lugng amylose, da dang di truyén.

1. DAT VAN PE

Theo Vaughan (1994) thi chi Oryza c6 22 loai, tuy
nhién, chicé O. sativava O. glaberrima dugc st dung
trong canh tac. Hién nay, loai O. glaberrima chi dugc
trong 6 mot s6 quoc gia Tay Phi va dang dugc thay
thé dan béi O. sativa (De Datta, 1981). Theo dic tinh
sinh ly, néi chung, 1Ga la ciy ngay ngan, la loai thuc
vat chi cam tng ra hoa va két hat trong ca diéu kién
ngay ngan va ngay dai, chi mot s6 giong phan tng
chét v6i anh sdng ngay ngan), viéc xt ly ngay dai ¢
thé ngén chin hodc tri hoan su ra hoa (Vergara and
Cheng, 1985). Tuy nhién, phan tng d6i véi quang
ky thay d6i tuy theo giong laa. Dya vao mic do cam
ung d6i voi quang ky, ngudi ta chia thanh hai nhém
lta chinh la nhém cam quang va nhém khong cam
quang (Nguyén Ngoc D¢, 2008). Dya vao thoi gian
sinh trudng, cdc giong lua & hai nhom nay lai dugc

chia thanh cac nhém nho hon. Nghién ctu da dang
di truyén tinh trang ham lugng amylose ciing la co
s& khoa hoc chon ra cc cdp b6 me phu hgp d€ tao
uu thé lai phuc vu cho viéc chon, tao giéng lua chat
lugng cao. Do d6, dé tai dugc thuc hién nham danh
gia su da dang di truyén cua cac giong lua cao san
va lia mua trong ngan hang gen ctia Vién Lia Dong
Béing Song Ctiu Long dé chon lua thé hé bd me phuc
vu cho cong tac lai tao giong méi.

II. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Vat liéu nghién citu

Bo giong lua gom 70 giong lua cao san va 88
giéng lda mua ti Vién Lua Dong Bing Song Ctliu
Long (Bang 1) va 4 giong d6i ching IR50404, IR64,
Jasmine 85, Nép OM7348.

'"Trudng Pai hoc Can Tho; ? Vién Lua Dong bang séng Cliu Long

’Vién Khoa hoc ky thuat Nong nghiép mién Nam
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