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TOM TAT

Qua ca chua (Solanum lycopersicum) 14 thyc pham giau dinh dudng chira nhiéu hop chét thir cip
rat c6 1oi cho stc khoe. Su tao thanh qua ca chua thong qua thy tinh dugc diéu khién boi hormone
thuc vét auxin thong qua cac protein Aux/IAA9 va ARFS8. Viéc gay dot bién bat hoat gen SIZAA9 ma
hoéa cho auxin IAA9 s& din dén sy phat trién qua ca chua khong théng qua thu tinh hay qua ca chua
khong hat. Hién nay, hé thong CRISPR/Cas9 ngay cang dugc st dung phd bién trong chinh stra cac
gen mong mudn trén ddi twong thuc vat. Trong nghién ctru niy, ching t6i trinh bay cac két qua thiét
ké doan gRNA vao vector mang céu trac CRISPR/Cas9 hudng dén gen SIIAA9 cua ca chua déng thoi
thir nghiém kha nang tiép nhan cau tric mang Cas9 & ciy ca chua chuyén gen tir ciu traic pRGEB31-
IAA9G2. Nghién ctru di tao dugc 2 ching vi khuan Agrobacterium tumefaciens mang cac vector
pRGEB31-TAA9G2 va pRGEB32-TAA9G2 chira céc cdu triic biéu hién h¢ CRISPR/Cas9 hudng t6i
gen SIIAA9 trén ca chua. Chung A. tumefaciens pPRGEB31- IAA9G2 da dugc su dung dé chuyén gen
vao ca chua glong Micro-Tom. Két qua PCR kiém tra cac dong chuyen gen cho thay 5/14 cay chuyen
gen thé hé TO c6 mit gen Cas9 trong hé gen, nhu vay da c6 sy tiép nhan doan cau tric Cas9 vao hé
gen ca chua. Viéc danh gia hiéu sut gy dot bién, kiéu dot bién va do 6n dinh cua cac dot bién trén
gen dich SIIAA49 s& dugc tién hanh trén cac cay thé h¢ sau, khi cdy c6 su phat trién binh thuong vé
hinh thai ciing nhu ¢6 sy phan ly vé gen Cas9 duoc chuyén vio.

Tur khoa: Auxin, ca chua, CRISPR/Cas9, gen IA49

DAT VAN DE

Ca chua (Solanum lycopersicum) dugc biét
dén nhu mot trong cac loai rau ldy qua dugc tiéu
thy nhiéu nhét trén thé giéi. San lugng ca chua
toan cau da dat dén hon 177 triéu tin vao nim
2016 (http://www.fao.org/faostat/en/). Ca chua
thudc ho Ca (Solanaceae), 14 ho hang than thude
v6i nhidu cdy hoa mau va cay cong nghiép c6 gia
tri nhu khoai tay (Solanum tuberosum), ca tim
(Solanum melongena), 6t chudng (Capsicum
annuum) va thudc 14 (Nicotiana tabacum). Qua
ca chua chin chtra mot lugng 16n cac chét co gia
tri dinh duorng nhu dudng, cac proteln va cac hop
chat thtr cap. Cac hop chit thir cip quan trong

bao gdm saponin (a-tomatine, tomatidine),
carotenoids (lycopen, B-carotene), cac flavonoid
va cac vitamin (Friedman et al., 2009; Lee et al.,
2013; Karlova et al., 2014).

Auxin 1a hormone thyc vat quan trong tham
gia diéu hoa hau hét cic qua trinh sinh truéng
phat trién cua thyc vat, trong d6 ¢6 qua trinh sinh
trudng cua qua. O thuc vat, auxin dugc téng hop
tai cac mod phan sinh ngon va choi 14, sau d6 duge
véan chuyén dén cac phan khac nhau cta cay dé
thuc hién chirc nang diéu hoa (Leyser, 2006). Co
ché diéu hoa cua cac gen phan tng véi auxin dya
trén sy phén huy cac protein cam Ung auxin
(Aux/IAA) va giai phong cac yéu to diéu hoa
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phién mi auxin (ARF). Trong sd cic auxin,
ARF8 va IAA9 1a 2 protein tham gia vao qua
trinh diéu hoa sy hinh thanh va phat trién hat, cu
thé chung trc ché sy phat trién qua khi khong co
su thy tinh (Wang et al., 2005; Goetz et al., 2006;
Goetz et al., 2007; Pandolfini, 2009; Mazzucato
etal.,2015).

Trong diéu kién bién ddi khi hau, tinh trang
qua khong hat cuia ca chua 1a mot dac diém quy
nham ting ning sut cua loai cdy trong nay vi sy
thy phén ctia ca chua rt nhay cam véi nhiét do
cao trung binh hodc nhiét d6 thip (Wang et al.,
2005; Klap ef al., 2017). Phuong phéap pho bién
dé tao qua it/khong hat 1a xtr 1y hoa chat auxin,
gibberellin va cytokinin hodc hdon hgp cta cic
hormone thuc vat nay ¢ giai doan hoa trudc khi
thy phan. Phuong phap nay cé thé ap dung rong
rdi cho cac loai hoa qua nhu nho, ca chua, ca tim
(Gillaspy et al., 1993). Tuy nhién, cac phuong
phap dung héa chit hién nay khong dugc ngudi
tiéu dung uva chugng. Thong qua phuong phap
gy dot bién va chon loc di truyén truyén thong
dong ca chua (entzre) da duogc chon loc voi gen
IAA9 bi @6t bién, tuy nhién dong nay mang nhiéu
dic diém hinh thai khéng mong mudbn va kha
nang hiru thy thap (Saito ez al., 2011; Mazzucato
et al., 2015). Viéc bat hoat gen /449 thong qua
phuong phap can thi€p RNA (RNA interfering)
cling dan dén mot sd biéu hién phat trién bat
thuong nhu tao 14 don thay vi 14 kép, tang d¢ dai
than sinh truong (hypocotyl), giam uu thé ngon,
tuy nhién cic dic diém hinh thai cia qua nhu
mau sic, do cung hay kich thuéc gan nhu khong
thay d6i (Wang et al., 2005). Gan day, bat hoat
gen IAA9 cua ca chua (Solyc04g076850 - doan
trinh ty gen /449 trong hé gen) thong qua
phuong phap CRISPR/Cas9 c6 thé tao dot bién
trén gen va hinh thanh allele ca chua khong hat
(Ueta et al., 2017). Cac tinh trang dugc tao nén
boi chinh stra cac gen S/I/AA49 thong qua k¥ thuét
CRISPR/Cas9 déu la céc allele 1dn va c6 thé dugc
di truyén cho cac thé hé sau thong qua viéc lai
tao voi gidng truyén thong (Klap et al., 2017;
Ueta et al., 2017; Yu et al., 2017).

Trong sudt mot thap ky qua, hé thong
CRISPR/Cas9 da dugc st dung dé chinh sua gen
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trén nhiéu d6i twong sinh vat (Jiang et al., 2013;
Platt et al., 2014; Xue et al., 2014). Hé thong
duoc xay dung dua trén co ché “mién dich” cua
vi khudn chéng lai sy xAm nhiém cua phan tir
DNA ngoai lai tor virus hodc DNA plasmid
(Doudna, Charpentier, 2014). Enzyme Cas9, mot
endonuclease dugc phan lap tur Streptococcus
pyrogene, s& két hop voi mot phan tir RNA dan
duong (gRNA) va pha huy DNA ngoai lai (Cong
et al., 2013). Dé thao tac trén cac ddi twong thuc
vét, gen mi hoa Cas9 va gRNA da dugc cai bién
dé phu hop biéu hién trong té bao thuc vat (Pan
et al., 2016). Hé théng CRISPR/Cas9 cho phép
cac nha khoa hoc thiét ké cac gRNA phu hop voi
vi tri dich, tr d6 dinh hudéng enzyme Cas9 tao
diém cat ¢ vi tri ddc hiéu trén gen. Cong nghé
chinh stra gen nho hé théng CRISPR/Cas9 da
dugc nhiéu nhom nghién ctru ing dung tao gidng
cay tr(‘”)ng moi nhu lua, ngd, khoai tay, ca chua
(Shan et al., 2013; Doudna, Charpentier, 2014;
Xie et al., 2014; Pan et al., 2016; Char et al.,
2017). Viéc chuyén hé théng CRISPR/Cas9 vao
cdy co thé sir dung phuong phap ban gen hoic
thong qua vi khuan A. tumefaciens - hé chuyén
gen pho bién va thuan lgi khi danh gia & nhiing
thé hé sau (Pan et al., 2016; Char et al., 2017).
Cong nghé CRISPR/Cas9 tao nén nhiing giéng
cdy trong c6 dic diém méi nhd chinh sira gen
hoic bat hoat gen ma khong chuyén thém gen
ngoai lai vao hé gen nén ciy trong dugc tao ra
nhd cong nghé nay duogc coi la cay c6 dot bién
huéng dich, khong phai cay trong bién doi gen
(GMOs) (Doudna, Charpentier, 2014).

Trong nhitng thtr nghiém chinh stra h¢ gen str
dung k¥ thuat CRISPR/Cas9 trén dbi tuong thurc
vat, cdu tric biu hién Cas9 da c6 nhiéu diém
thay d6i dé phu hop voéi muc dich va ddi tugng
thi nghiém khac nhau. Cy thé, trinh tu sgRNA co
kich thudc khoang 98 nucleotide thuong dugc
biéu hién dudi sy diéu khién ciia U3 hodc U6
RNA promoter (Jiang et al., 2013). Ca céu tric
biéu hién sgRNA thuong c6 kich thude nho (300-
600 bp) (Bryksin, Matsumura, 2013;
Kadkhodaei et al., 2016). Cac ciu tric nay c6 thé
dugc gin tryc tiép vao ving T-DNA vector
chuyén gen thong qua cac ky thuat Golden Gate
hoac ky thuat PCR Gibson (Shan et al., 2013;
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Fan et al., 2015). Protein Cas9 dugc ma hoa bdi
doan DNA c6 kich thugc 4107 bp. Dé biéu hién
trén té bao nhan chuén, doan ma hoa nay dugc
ndi voi 2 tin hiéu biéu hién nhan NLS (nuclear
localization signal). Nham ting hiéu suét biéu
hién trén thuc vat, cac ma bo ba trén gen Cas9 co
ngudn gdc tir vi khuan S. pyrogenes da dugc sta
ddi dé t6i vu biéu hién trén thuc vat Arabidopsis
va lua gao (Jiang et al., 2013; Shan et al., 2013;
Xie, Yang, 2013; Ma et al., 2015). Dé biéu hién
trén laa gao, dau 5' cua gen Cas9 di duoc thay
d6i dé tang ham luong GC 1én (Ma et al., 2015).
Trinh ty ma hoa gen Cas9 thuong duoc biéu hién
dudi nhitng promoter manh nhu CaMV35S hoac
Ubiquitin tir ngd c6 thé nang cao hiéu suét chinh
stra cua protein Cas9 (Brooks et al., 2014). Sau
d6, ca cau tric biéu hién sgRNA va Cas9 dugc
két hop lai trén T-DNA va dugc dua vao té bao
thuc vat thong qua 4. tumefaciens (Jiang et al.,
2013; Shan et al., 2013; Brooks et al., 2014; Fan
et al., 2015; Ma et al., 2015). Hi¢u suit gay dot
bién muyc tiéu dich dugc wdc lwong khoang 3-8%
(Xie, Yang, 2013).

Trong nghién ctru nay, ching toi thiét ké
gRNA hudng dén chinh sira gen SI/AA9 trén ciy
ca chua va tao chung A. tumefaciens chita ciu
trac biéu hién gRNA di thiét ké cung hé thong
CRISPR/Cas9. Phuong phap thiét ké cac gRNA
trong vector mang cdu tric biéu hién
CRISPR/Cas9 c6 thé tiép tuc duoc khai thac dé
chinh sira cic gen muc tiéu ¢ nhiéu cay trong co
gia tri trong tuong lai.

NGUYEN LIEU VA PHUONG PHAP

Nguyén liéu

Plasmid pRGEB31 va pRGEB32 duogc
cung cip boi Cong ty Addgene (MA, Hoa Ky)
(Hinh 1), Cac doan oligonucleotide dugc cung
cip boi Cong ty IDT (Illinois, Hoa Ky) (Bang
1). Cac chung vi khuan Escherichia coli
DHI10B, A. tumefaciens EHA do Phong Pa
dang sinh hoc hé gen luu trit. Gidng ca chua
Micro-Tom duoc cung cdp bdi Vién Nghién
cuu rau qua.
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Hinh 1. So db gian lwgc céu tric vector pRGEB31 (A) va pRGEB32 (B) ¢ chira T-DNA biéu hién hé théng

CRISPR/Cas9 trén thyc vat.

Phwong phap )
Cac budc tao vector chira hé thong
CRISPR/Cas9 hudéng dén gen /449 cua ca chua

(S1I4A49) duogc thuc hién theo Xie va déng tac gia
(2014) v6i mot vai cai bien nhd cho phu hgp voi
dieu kién phong thi nghiém.
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Bang 1. Trinh tw cac mdi dwoc st dung trong nghién ctru.

Tén trinh tw Trinh tw (5°-3’) Gen dich

IAA9-G2-F GGCAGGGTCTATCTGATTGTTCGT Trinh tw spacer cho gRNA cho
IAA9-G2-R AAACACGAACAATCAGATAGACCC exon 1 gen SIIAA9

IAA9-E1-R ACACCGGAATTCGACAGAAA Khuéch dai exon 1 gen SIIAAQ
IAA9-E1-F TGAAATGAGCTGTGCAGGAT

IAA9-G2-F GGCAGGGTCTATCTGATTGTTCGT Poan gRNA chén

OsU3-R1 CTGGAGATTATTGCTCGGGTAGA

Cas9-F TCCTGGAAAAGATGGACGGC Sang loc doan mang gen Cas9
Cas9-R ATCCGCTCGATGAAGCTCTG

Xdc dinh trinh tw exon 1 cua gen SIIAA9

Exon 1 cua gen SIIAA9 dugc khuéch dai st
dung cac cap mdi IAA9-E1-(F-R) twong ung
(Bang 1) v&i nhiét d6 gidn moi 54°C. Thé tich mdi
phan g dugc dua vé 20 pL theo dung ty 1& cua
nha san xut chira 8,1 pL H,0, 10 uL DreamTagq
Master Mix 2x (Thermo Fisher Scientific, MA,
Hoa Ky), 0.4 uL moi 10 pM mdi loai va 0.5 uL
khuon DNA tong s6 ctia cdy ca chua Micro-Tom.
Phan tng bao gdm 35 chu ky khuéch dai véi
nhiét 6 gin moi 54°C trong 25 s va kéo dai chudi
30 s. San phém PCR tinh sach duoc dién di trén
gel 1% voi marker phit hgp (Hinh 2A). San pham
PCR tinh sach dugc xac dinh trinh tu béng may
giai trinh tu ABI 3500 (Thermo Fisher Scientific,
MA, Hoa Ky). Két qua xac dinh trinh tu dugc so
sanh v6i trinh ty exon 1 ciia gen SI/AA9 c6 ma s6
Solyc04g076850 trén Ngan hang dir li¢u Sol
Genomic.

Thiét ké trinh tw gRNA ddc hiéu cho gen SIIAA9
(Solyc04g076850)

Trinh ty gRNA-spacer dugc thiét ké theo
web tool CRISPR-P ver.2.0
(http://crispr.hzau.edu.cn/cgi-
bin/CRISPR2/CRISPR) véi thong tin dau vao la
trinh te exon 1 cua gen SIAAY
(Solyc04g076850). Trinh tu gRNA dugc lua
chon voi ti€u chi c6 chi sb on-target cao, chi sb
off-target thap va khong ¢ bit cip nham véi vi
tri c6 CDS cua gen khac. Sau khi da lya chon
dugc nhitng doan DNA muyc tiéu dich, nhitng dau
ndi thich hop s& dugc gan thém vao dau 5 cua
nhitng doan mdi twong ung. Cu thé doan mdi
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xudi cia gRNA s& duoc gin thém trinh tuy 5°-
GGCA-3’ hodc 5°-GGC-3’ trong khi doan moi
nguoc sé duoc gan thém trinh ty 5°-AAAC-3’
trong truong hop moi khong bat dau véi
nucleotide A.

Phan tmg cdt-noi dwa gRNA vao vector biéu hién

Véi 1 pL ciia mdi moi xudi va ngugc (ndng
do 100 uM) cua gRNA2 cho gen SI/I449 dugc
tron v6i nhau trong 48 uL H,O. Phan tng bit cip
duoc dién ra 5 min & 95°C va lam lanh ngay trén
da 20 min.

Véi 1 pL ciia mdi phan tmg bét cip bd sung
cua gRNA?2 dugc tron voi 100 ng cua mdi vector
pRGEB31 va pRGEB32 di duoc cit mé vong.
Hon hop duge bo sung thém 3 uL dém T4 Ligase
10x, 3 pl uL BSA 1mg/mL, 0.5 pL Bsal (Thermo
Scientific), 1 uL T4 ligase va b6 sung thém nudc
dén 30 pL. Phan tng cit-ndi dugc tién hanh bat
dau bang 37 °C trong 5 min, sau d6 1a 40 chu ky
(20°C 5 min, 37°C 5 min). Phan tng két thuc véi
50°C 10 min va 80°C 10 min va bao quan ¢ 16 °C.

Bién nap plasmid vao té bao kha bién E. coli /A.
tumefaciens bang phwong phdp xung dién

Téng 5 uL cua mdi phan tng cat-ndi dugc
bién nap vao 45 pL té bao kha bién E. coli
DH10B hoic A. tumefaciens bang phwong phap
xung dién voi didu kién 2.5 kv, 25 pF va 200Q
bang cuvet 0,2 cm. Sau khi xung dién bo sung
950 pL LB long va nudi phuc hoi 1 gio & 37°C.
Tét ca té bao duge céy trai trén moi trudng thach
LB c6 bo sung Kanamycin 50 pg/uL va nudi qua
dém ¢ 37°C.
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Phan vng PCR kiém tra sw c6 mat ciia doan chén

Doan gen chira cdu triic doan gRNA2 chén
vao vector duoc khuéch dai 1én bang moi OsU3-
R1 va TAA9G2-F trén 2 vector pRGEB31 va
pRGEB32 (Ky hiéu lan lugt 13 pRGEB3I-
IAA9G2 va pRGEB32- IAA9G2). Trong tong
thé tich phan g 1a 20 pL bao gdm 8.1 uL H,0,
10 uL DreamTaq Master Mix 2x (Thermo Fisher
Scientific, MA, Hoa Ky), 0.4 pL m6i 10 pM mdi
loai va 0.5 pL khudén DNA plasmid. Chu ky nhiét
bao gém 1 budc bién tinh 95°C trong 5 min, tiép
theo 1a 32 chu ky (95°C, 30 s; 60°C 25 s; 72°C,
30 s). Phan ung két thiic duge bao quan ¢ 16°C.
Tong 5 pL cua cac phan tng PCR dugc dién di
trén gel agarose 1% dé kiém tra sy c6 mit cia
doan ciu truc.

Chuyén gen vao cdy ca chua théng qua vi khudn
A. tumefaciens va tdi sinh cdy

Hat ca chua duogc khir trung bé mat 1an luot
bang con 70° va Sodium hypochlorite 2.5%, rira
sach bang nudc cat khir tring va dem gieo trén
moi truong Murashige va Skoog (MS) dic c6 bd
sung succrose 3% va agar (8 g/L). Sau 14 ngay,
cac 14 mam ca chua dat dén kich thudc tdi thiéu
0,5 cm dugc dung lam nguyén li€u cho viéc
chuyén gen.

Vi khuén 4. tumefaciens duge nudi phuc hoi
qua dém trong méi truong LB 1ong c6 bd sung
khang sinh kanamycin 50 pg/mL. Tién hanh pha
lodng dich khuan trong méi truong MS 0.5X
1ong dén ODygo khoang 0.2 - 0.4 ¢6 thé tién hanh
chuyen gen. Cac la mam dugc cit 2 dau va than
mam dugc cat thanh cac manh nho dai 0,5 cm
trén dia petri khir tring va tién hanh lay nhiém
v6i dich khuan pha lodng bd sung acetosyringone
(AS) 0.1 mg/L trong vong 20 phut. Cac manh la
sau lay nhiém dugc dua 1én méi truong dong
nudi cdy MS dic bo sung AS 0,1 mg/L, NAA 1
mg/L, succrose 3% khong khang sinh va dat
trong toi 48 gid & nhiét d6 phong. Cac manh 14
dugc dat 1én moi truong tai sinh ngon MS ¢6 b
sung succrose 3%, MS vitamin, nudc dua
(v/v=1:10), zeatin 2 mg/L, IAA 0,1 mg/L,
cefotaxime 400 mg/L va kanamycin 50 mg/L.
Mau duogc chuyen sang moi trudng nudi cay mai
2 tudn/ 1an cho dén khi xuét hién cac chdi ngon.

Khi ngon dai khoang 3-4 cm, cac ngon dugc cit
va chuyén sang méi truong sinh 18 MS c6 b
sung succrose 3% (30 g/L), MS vitamin va [AA
(1 mg/L). Cay con s& duoc chuyén sang moi
truong trau hun sau khi moc ré.

Phan 1tng PCR kiém tra su c6 mdt ciia gen Cas9

Poan gen chira ciu tric Cas9 chén vao hé
gen thuc vat dugc khuéch dai bing mdi Cas9F va
Cas9-R sir dung khuon 1a DNA tong sb cua ciy
ca chua. Trong tong thé tich phan tng 1a 20 pL
bao gom 8.1 pL H,0, 10 pL DreamTaq Master
Mix 2x (Thermo Fisher Scientific, MA, Hoa KY),
0.4 pL mdi 10 pM mdbi loai va 0.5 pL khuoén
DNA plasmid. Chu ky nhiét bao gdm 1 buéc bién
tinh 95°C trong 5 min, tiép theo 1a 32 chu ky
(95°C, 30s; 55°C 25s; 72°C, 30s). Phan tmg két
thic duoc bao quan ¢ 16°C. Tong 5 pL cua cac
phan tng PCR duogc dién di trén gel agarose 1%
dé kiém tra su c6 mat cua doan ciu tric véi kich
thude dy kién 1a 350 bp.

KET QUA VA THAO LUAN

Phén Iap va thiét ké trinh ty gRNA hwréng dén exon
1 cta gen SIIAA9 trén ciy ca chua Micro-Tom

Toan bd doan exon 1 cua gen SI/AA9 trén cay
ca chua Micro-Tom dugc nhan 1én bdi cac cdp
moi twong Gmg (Bang 1) voi nhiét d6 gan moi 1a
60°C. San pham PCR c6 kich thudc thiét ké 560
bp duogc giai trinh ty va so sanh véi trinh ty exon
1 cua gen S/I4A9 trén Ngan hang dir liéu Sol
Genomic  véi  s6  hiéu tham  chiéu
Solyc04g076850.2 (Hinh 2). Két qua cho thiy
hai trinh ty exon 1 c6 d6 tuong ddng cao (99%)
va c6 thé sir dung trinh tu exon 1 dd phan lap
dugc dé thiét ké trinh ty spacer ciia gRNA ding
cho hé¢ thong CRISPR/Cas9 huéng dén SIIAA9
cua ca chua.

Trinh ty spacer ciia gRNA dugc thiét ké theo
web tool CRISPR-P ver.2.0 (http://crispr.hzau.
edu.cn/cgi-bin/CRISPR2/ CRISPR). Vi tri dugc
thiét ké nam trén doan sense cua exonl cua gen
SlIAAY9 1a 5-GGGTCTATCTGATTGTTCGT
(CGG) - 3” v6i chi sb on-target: 0.6688 va khong
cd CDS off-target trong hé gen ca chua Micro-
Tom (Hinh 2B). Do trinh ty nay dugc bat dau
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bang nucleotide G nén s& dugc ndi voi cac adapter
5’-GGCA-3’ trén doan oligonucleotide moi xudi
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10
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(SIIAA9G2-F) va 5-AAAC-3’ trén doan
oligonucleotide moi nguoc.
10 20 30 40 50 60

e e [ L e e e I [ [ e |
GATTATTAGAGTGATCTGTAATTGTGATGTCTCCGCCGCTCCTTGGTGTTGGGGAGGAGG

Hinh 2. Két qué phan Iap, giai trinh tw va thiét ké doan spacer cho gRNA hwéng dén gen SIAA9. (A) Két qua
tinh sach san pham PCR c6 kich thwéc 560 bp chira exon 1 clia cay ca chua Micro- Tom. (B) Két qué so sanh
trinh tw v&i trinh tw exon 1 tham chiéu (Solyc04g076850.2) va két qua thiét ké doan spacer cho gRNA huwéng
dén exon 1 cuia gen SIIAA9; PAM: Protospacer Adjacent Motif dwgc danh d4u dd; trinh tw spacer da thiét ké

dwoc danh dau trong & vuéng xanh la cay.

Tao cac chiing E. coli mang vector pPRGEB31-
TAA9G2 va pRGEB32- IAA9G2

San pham cua phan tng lai giita vector mo
vong va doan gRNA2 duoc bién nap vao té bao
E. coli kha bién ching DH10b va cdy trai trén
moi truong bd sung khang sinh kanamycin 50
mg/uL. Nam khuén lac thuéc mdi cdu tric duge
tach plasmid va dung lam khuén cho phan rng
PCR kiém tra sy c6 mit cia doan spacer da thiét
ké. Str dung cip mdi OsU3-R1 va IAA9G2-F cho
phan tmg PCR déu cho két qua dwong tinh & cac
plasmid tai t6 hop thudc ca hé vector pRGEB31
va hé vector pRGEB32 dugc kiém tra, kich thudc
san pham khoang 230 bp dting véi thiét ké (Hinh
3A). Tiép theo, cac trinh tu doan chén trén T-
DNA nay dugc giai trinh tu theo phuong phép
Sanger trén may ABI 3500. Két qua cho thiy cac
spacer da dugc chén dung vi tri lién ké& promoter
OsU3 va lién trudc doan cudn gap ciia gRNA
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(RNA scaffold) va khoéng co su bién doi
nucleotide, nhu vay ciu tric RNA spacer-
scaffold s& dugc biéu hién dudi sy diéu khién cua
promoter OsU3 1a promoter chuyén ding dé biéu
hién RNA (Hinh 3B).

Tao cac chung A. fumefaciens mang vector
PRGEB31- IAA9G2 va pRGEB32- IAA9G2

Céc plasmid tai to hop voi gRNA2 tiép tuc
dugc chuyén vao té bao A. tumefaciens kha bién
chung EHA105. Céac khuan lac 4. tumefaciens
dugc nudi cdy va tach plasmid, 1am khuon DNA
cho phan tng PCR kiém tra sy c6 mat ciia doan
spacer bang cip mdi OsU3-R1 va IAA9G2-F.
Két qua cho thay cac khuan lac dugc kiém tra déu
cho phan ung duong tinh, véi kich thudc doan
nhan 1én ding theo thiét ké 230 bp (Hinh 4). Cac
dong vi khuan nay da dugc nudi cdy, luu giit
phuc vu céc nghién ciru chuyén gen tiép theo.
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Hinh 3. Tao céc ching E. coli mang vector pPRGEB31- IAA9G2 va pRGEB32- IAA9G2. (A) Két qua sang loc cac
khuan lac E. coli mang plasmid pRGEB31-IAA9G2 va pRGEB32-IAA9G2; PI: két qua tach plasmid ; PCR: két
qua dién di san phadm PCR kiém tra sy c6 mét ciia gRNA trén plasmid c6 san pham kich thwéc 230 bp; 1-5: két
qua PCR cla céc khuan lac twong tng; d6i chirng am () dwoc dung la vector pPRGEB31 va pRGEB32 gébc
khong chira doan spacer chén. (B) Vi tri doan chén spacer va két qua gidi trinh tw ctia doan T-DNA mang doan

spacer trén plasmid pPRGEB32-1AA9G2.

Thir nghiém chuyén gen vio ciy ca chua sir
dung ching A. tumefaciens chira vector
PRGEB31-1AA9G2

Chung t6i tién hanh chuyén gen ctia chiung 4.
tumefaciens chura vector PRGEB31-IAA9G2 vao
cdy ca chua. Cac manh 14 mam ca chua duoc
ddng nudi cdy voi chung A. tumefaciens mang
vector pPRGEB31-IAA9G2 va tai sinh thanh cay
theo quy trinh nhu da mo ta. DNA tong s da
dugc tach tir 1a cia 14 cdy chuyén gen dé danh
gia kha niang chuyén T-DNA mang cdu triic
CRISPR-Cas9 va RNA spacer-scaffold vao cay
ca chua. Sy c6 mat cua gen Cas9 trong h¢ gen

cdy ca chua chuyén gen dugc kiém tra thong qua
phan ung PCR sir dung modi Cas9-F va Cas9-R
dy kién dé khuéch dai doan c6 kich thu6c khoang
350 bp. Két qua dién di san pham PCR trén gel
agarose cho thdy, 5 mau DNA tir 14 cdy ca chua
chuyén gen $6 6,7,8, 11, 12 cho két qua duong
tinh (Hinh 5B). Két qua nay cho thdy d ¢ 5 cay
ca chua mang céu trac T-DNA chira gen Cas?9.
Trong 14 cy ca chua tai sinh sau chuyén gen da
dugc kiém tra bang PCR, 5 cay da cho két qua
duong tinh voi PCR khuéch dai doan Cas9 ching
t6 budc dau di chuyén duoc cau traic CRISPR-
Cas9 vao cac cdy ca chua tai sinh thé hé T0. Hiéu
suat gay dot bién, kiéu dot bién va do 6n dinh cua
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cac dot bién trén gen dich SI/AA49 s& dugce danh
gia trén cac cdy T1 dén T2, khi cay cé su phat

pPRGEB31-IAA9G2

Bui Manh Minh et al.

trién binh thuong vé hinh thai ciing nhu sé& c6 sy
phan ly vé gen Cas9 dugc chuyén vao.

PRGEB32-IAA9G2

1 2 3 4 5 6

1 2 3 4 5 6
PI () (+) _ () (+)
ecx [ P e o

Hinh 4. Két qua sang loc cac khuén lac A. tumefaciens mang plasmid pRGEB31-IAA9G2 va pRGEB32-IAA9G2;
PI: két qua tach plasmid ; PCR: két qua dién di san phdm PCR kiém tra sw c6 mat clia gRNA trén plasmid c6 san
pha&m kich thuéc 230 bp; 1-6: két qua PCR cla cac khuan lac twong (ng; dbi chirng am (-) dwoc dung la plasmid
pRGEB31 va pRGEB32 gbc khong chira doan spacer chén; déi chirng (+) 1a cac plasmid dung dé bién nap

B (+) ()

5 6 7 8 9 10 11 12 13 14

Hinh 5. Két qua tai sinh ca chua va sang loc ca chua tai sinh mang gen Cas9. (A) Két qua tai sinh cay ca chua;
1. Cac la mam trén moéi trworng ddng nudi cay, 2-4: cac mé tai sinh trén mai trwdng tai sinh ngon, 5: mo tai sinh
trén méi trwong sinh ré. (B) Két qua sang loc sw cé mat ciia gen Cas9 trong DNA téng sb tir cac mau cay tai
sinh; (+) la phan &ng cé khudn la plasmid pRGEB31-IAA9G2, (-) la phédn (ng tir DNA téng sb cla cay ca chua
khéng chuyén gen; 5-14 14 s6 tht tw clia cac mau DNA twong ¢ng.

Nhu vy, trong nghién ctru nay, chung toi da
thiét ké va chén duoc doan spacer dac hiéu cho
gen SIIAA9 cta ca chua vao 2 vector pPRGEB31
va pRGEB32 dung vi tri dudi su diéu khién cua
promoter OsU3 dé biéu hién thanh gRNA. Trong
cac vector d6, Cas9 s& dugc diéu khién boi
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CaMV35S promoter trén T-DNA cta plasmid
pRGEB31-IAA9G2 va boi Ubiquitin promoter
trén T-DNA ctua pRGEB32-IAA9G2. Viéc sur
dung 2 loai vector khac nhau vé promoter diéu
khién gen Cas9 nham tao nhing cau triic khac
nhau dé thir nghiém xem cau tric nao hoat dong
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hiéu qua trén cdy ca chua. Céc vector tai t6 hop
nay da duoc bién nap vao chung 4. tumefaciens
kha bién EHA105 phuc vu cho céc thi nghiém
chuyén gen vio céy ca chua.

Loi cam on: Cong trinh dwoc hoan thanh voi sw
ho tro kinh phi tir dé tai cap co so cua Vién
Nghién curu hé gen.
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OF CRISPR/CAS9 EXPRESSION VECTORS HABOURING

g¢RNA TARGETED ON S$/17449 GENE OF TOMATO

Bui Manh Minh', Ha Hong Hanh', Le Thi Thu Hien"?, Huynh Thi Thu Hue"?
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SUMMARY

Tomato (Solanum lycopersicum) is a nutritious fruit containing many secondary compounds with
health benefits. The formation of tomato fruit through fertilization is controlled by auxin through
Aux/TAA9 and ARF8 proteins. The mutated S//449 gene leads to the parthenocarpic development of
fruit or seedless tomato fruit. Nowadays, the CRISPR/Cas9 genome editing system is becoming
increasingly popular in modifying desired genes on plant objects. In this study, gRNAs which target
on tomato SI/4A49 gene were designed and inserted into CRISPR/Cas9 vectors. In addition, two strains

of A.

tumefaciens harboring pRGEB31-IAA9G2 and pRGEB32-IAA9G2 vectors carrying

CRISPR/Cas9 expression system towards SI/A49 gene in tomato were successfully created. The
strain of A. tumefaciens harboring pPRGEB31- IAA9G2 plasmid was used to develop transgenic
tomato plants from Micro-Tom variety. PCR test showed that 5/14 plants had the presence of Cas9
gene in TO plants. The transgenic plants have a normal morphology in comparation with the controls.
The evaluation of mutant efficiency, type, and stability of mutations on the S//449 will be conducted
on next-generation plants when the mutations are stable and segregated into descendents.

Keywords: auxin, CRISPR/Cas9, IAA9, tomato
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