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Tom tit:

Motif ankyrin (ANK) la mot trong nhirng motif protein 16n nhit trong giéi tw nhién va c0 vai tro sinh hoc da dang.
Hai gen mi héa proteln mién ankyrin OsANK1, OsANK2 dwgc xac dinh lién quan den ciu tric bong lia théng qua
nghién ciru lién két trén toan h¢ gen (GWAS) cic tinh trang ning suit trén mot quan thé hia ban dia Viét Nam. Cac
cAu tric polycistronic tRNA-gRNA (PTG) cho phép chinh sira gen da diém dwoc xay dung nhim nghién ctru chire
niing 2 gen OsANKI va OsANK2 bang cong nghé CRISPR/Cas9. Hai RNA do (gRNA) dwoc thiét ké dé gay dot bién
tai 2 diém trong viing exon 4 ma héa motif ANK cho mdi gen va dwge dua vao ciu triicc PTG bing cong nghé Golden
Gate. it nhat mgt cAu tric PTG di dugc xiy dung thanh cong nhim chinh sira riéng ré tirng gen OsANKI, OsANK2

hoic dong thoi ca 2 gen.

Tir khéa: ciu tric bong lia, CRISPR/Cas9, lia, motif ankyrin, polycistronic tRNA-gRNA.

Chi s6 phén logi: 4.6

Md dau

Motif ANK la mdt trong nhitng motif protein dugc bao
t6n va phan bd da dang nhat trong cac loai sinh vat, tir virus
dén nguoi [1]. Hau hét protein ANK chita 2-6 motif ANK
lap lai, s6 1an 13p lai 16n nhit duoc biét dén 1a 34 [2]. Cac
protein tin hiéu Swi6/Cdc10 va Notch la cac protein ANK
déu tién dugc phat hién tir nidm men va Drosophila [3]. Sau
d6, nhiing protein nay dugc dat tén tir viéc phat hién 24
motif ANK trong protein ANK [4].

O ngudi va dong vat, protein ANK c6 ¥ nghia quan trong
va vai tro sinh hoc da dang. Chiing tham gia vao kiém soat
con dudng sbéng sot ciia té bao, diéu hoa phién ma [5]. Mot
sO protein ANK tryc tiép tham gia vao ngin ngira sy phat
trién ctia ung thu [6]. Hon nita, protein ANK con 1a cac
thanh phan quan trong cta kénh ion va van chuyén phtrc
hop tin hi¢u trong hé théng tim mach [7].

So v6i rat nhiéu cong bd vé protein ANK dugc tim thiy
0 nguoi va dong vat, chi co mot ) lugng nho protein ANK
da duoc nghién ctu chuc nang ¢ thuc vat, tuy nhién co ché
hoat dong ctia motif ANK van chua duoc 1am rd. Protein
¢6 ngudn gdc thyc vat dau tién dugc bao cao 1a AKR tir
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Arabidopsis, dong vai tro diéu hoa trong qua trinh biét hoa
té bao va phat trién cua cdy [8]. NPR1 ma hoa mot loai
protein ANK méi, giit vai trd trung tdm trong hé thong
phong ngu qua trung gian axit salicylic ¢ Arabidopsis [9].
ANKR?2 ciing tir Arabidopsis ¢6 thé tham gia vao viéc diéu
hoa chuyén hoa chdng oxy hoa trong khéng bénh va phan
g véi stress. Mot s6 protein ANK tham gia vao su biét
hoa té bao va su phat trién cta cdy [10], hinh thanh va phat
trién ré, trong khi d6 LIANK doéng vai tro quan trong ddi
vOi sy ndy mam cua phan hoa va phat trién dng phan o cay
Lily [11]. Mdt sb protein ANK khéc lién quan dén cac co
ché phan ung vdi stress va khang bénh & Arabidopsis, hat
tiéu va ca chua.

Lua (Oryza sativa L.) 1a mot trong nhiing cdy trong quan
trong nhit, cung cép lwong thuc cho hon 50% dan sb thé
giéi va 1a cdy mo hinh cho cic nghién ctru vé biéu hién
va chirc ning gen. Mic dit mot s luong 16n gen mi hoa
protein mién ankyrin d3 duoc x4c dinh & lua nhung méi
chi c6 2 protein ANK dugc nghién curu chiic nang ¢ 1aa.
XB25 1a mot protein lién két co kha ning tuong tac véi
mién xuyén mang cia protein XA21, can thiét dé duy tri
kha niang khang vi khuén Xanthomonas oryzae, tac nhan
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Abstract:

The ankyrin repeat is one of the most common protein
sequence motifs and has been detected in organisms
ranging from viruses to human. Two genes OsANKI
and OsANK2 were determined implicated in rice
panicle architecture through a GWAS analysis using
a Vietnamese landrace panel of rice. The polycistronic
tRNA-gRNA (PTG) structures that allow gene editing
at mulitple sites, were built to characterize the function
of OsANKI and OsANK2, by using CRISPR/Cas9
technology. Two guide RNAs (gRNAs) were designed
to cause gene mutation in the exon 4 region encoding
ANK motif for each gene and were inserted into PTG
structure using Golden Gate technology. At least one
PTG structure was successfully obtained to edit Os4ANK1
and OsANK?2 separetely or together.

Keywords: ankyrin motif, CRISPR/Cas9, polycistronic
tRNA-gRNA, rice, rice panicle architecture.
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gdy ra bénh bac 1a ¢ lua [12]. Protein thtr hai 1a OsCBT
hoat dong nhu mot yéu t6 diéu hoa ting cudng phién ma
[13]. Ngoai ra, gen OsPIANK1 dugc biét dén lién quan toi
viée diéu chinh dap tmg khang bénh dao 6n [14]. Cling voi
su phat trién cua khoa hoc va cong nghé, su ra doi cua cac
thé hé gidi trinh ty méi trong nhiig nam gan day da tao
diéu kién cho hang loat cac dy 4 an giai trinh tu cac gidng lta
khéc nhau trén thé gioi, cung cép co hoi tuyét voi cho cac
phan tich trén toan hé gen. Bing cach phan tich cac bo dir
liéu & lta, Huang va cs (2009) [11] da xac dinh dugc 175
gen OsANK dya vio thanh phan mién protein. Két qua phan
tich GWAS céc tinh trang ning sudt ciia mot tip doan lua
ban dia Viét Nam di xac dinh duoc mot sé QTLs lién quan
dén su phan nhanh cua bong va s hoa trén bong. Trong
d6 dang chu y 1a QTLI lién két voi ca 2 tinh trang quan
trong quyét dinh truc tiép dén niang suat laa: sb gié thir cap/
bong va s6 hoa/bong [15]. 11 gen tiém ning duge xac dinh
bé“mg phan tich tin sinh, str dung céc dit liéu phién ma c6 san
(http://qtaro.abr.affrc.go.jp/, http://ricexpro.dna.affrc.go.jp/
field-development.php?featurenum=16794) va cac dir liéu
RNA-seq ctia Trung tdm Nghién ctru phat trién Phéap. Trong
s6 d6, duy nhat gen SPOTTED LEAF 11 (SL11) di dugc
xac dinh chtrc ning lién quan dén diéu chinh viéc né hoa
0 laa, thong qua twong tac vdoi gen SPINI. Ngoai ra, c6 5
gen ma hoa protein mién ANK, mot gen ma hoa Cytokinin-
O-glucosyltransferase biéu hién manh & ré va 1, 1 gen lién
quan dén d6 xoe ciia 14 va 3 gen ma hoa protein mién TPR
(tetratricopeptide repeat) nhung chua biét chuc nang. Phan
tich biéu hién 11 gen nay & 2 nhém ltia ¢6 céu tric bong
tuong phan (bong to va bong nho) cho thay 2 gen mi héa
protein mién ankyrin (dat tén 13 OsANKI va OsANK2) cb
biéu hién trai nguoc nhau, gen OsANK ] biéu hién manh hon
& nhom laa c6 ciu trac bong to, nguoc lai gen OsANK2
biéu hién cao hon & nhom lta bong nhd. Bén canh do, su
dung k¥ thuat Gene Capture két hop v6i giai trinh ty ving
QTL9 6 2 nhom lua da xac dinh dugc mot s6 SNPs ¢ 2 gen
(két qua chua cong bd). Gia thiét dit ra 1a gen OsANKI va
OsANK?2 c6 thé lién quan dén ciu trac bong laa, trong do
gen OsANKI déng vai trdo nhu mot yéu tb lam ting cuong
kha nang phan nhanh ctua bong, con gen OsANK2 co tac
dong nguoc lai (gay tre ché qua trinh nay).

Ciu truc bong lta 1a mot tinh trang noéng hoc phic tap
duoc quy dinh boi nhiéu gen. Dé x4c dinh chirc nang cta hai
gen OsANKI va OsANK?2 lién quan dén ciu trac bong lda,
cach tiép can hiéu qua nhat I3 tién hanh bat hoat riéng & va
ddng thoi ca hai gen. CRISPR/Cas9 1a cong cu chinh sira
gen tién bo nhét & thuc vat hién nay, cho phép bt hoat déng
thoi nhiéu gen [16, 17]. Da c6 nhidu nghién ctru sir dung
cong nghé CRISPR/Cas9 dé bét hoat cac gen khong mong
mud6n nhim tao gidng lia méi ning suit cao. Dé chinh sira
nhiéu gen, Xie va cs (2015) [17] da xay dung céc cu tric
PTG chira cac doan lip tRNA-gRNA scaffold dé tao dong



thoi nhiéu sgRNA ¢ lta. Sau khi cic cau trac niay dugc
phién ma trong té bao thyuc vat, hé thong tRNA-processing
RNases noi sinh s& nhan biét thanh phan tRNA va cét chinh
xac, giai phong cac sgRNA. Két qua thir nghiém cho thy,
phuong phap nay cho phép bat hoat dong thi 4 gen voi higu
suét chinh sira trén ca hai alen tir 57% tro 1én. Trong nghién
clru ndy, cac cau trac PTG dd duoc xdy dyng nham tng
dung cong nghé CRIPSR/Cas9 dé nghién ciru chirc ning
cua hai gen OsANK] va OsANK2. Hai gRNA duoc thiét ké
dé gay dot bién tai 2 diém trong ving exon 4 mé hoa motif
ANK ciia mdi gen. Céc cau tric PTG dugc xay dung thanh
cong dé bat hoat 2 gen OsANKI, OsANK2 riéng 1& hoic
dong thoi ca 2 gen.
Vat liéu va phuong phap nghién cifu

Vit liéu

Oligonucleotide c¢6 ngudn gbc tir Cong ty Macrogen
(Han Qudc). Plasmid pGTR dugc st dung lam ADN khuén
cho cac phan tmg PCR khuéch dai cac manh thanh phan,
plasmid pRGEB32 dugc str dung 1am vector biéu hién dong
thoi Cas9 va cau trac PTG [16]. Cac héa chit khac c6 ngudn
gbc tir QTAGEN, NEB va Thermo Scientific.

Phwong phap

Thiét ké gRNA: céc trinh ty gRNA spacer dugc thiét ké
bang phan mém CRISPRdirect (http://crispr.dbcls.jp/) bang
cach nhap dir li¢u cua vung gen OsANKI va OsANK?2 cua
gidng laa Nipponbare. S6 hiéu GenBank cua 2 ving gen
OsANKI va OsANK2 lan lugt 1a: AP014958.1: 17203282-
17202908 va AP014958.1: 17333775-17333401. Bé xem
xét kha ning cit khong dic hiéu (off-target) cua gRNA
spacer d6i voi thé gen cua gidng lta Nipponbare, thong sd
“Specificity check” dugc lya chon la: Rice (Oryza sativa ssp.
japonica) genome, Os-Nipponbare-Reference-IRGSP-1.0
(Oct, 2011). Céc trinh tw gRNA spacer c6 chi sb off-target
thép nhét duoc lua chon.

Thiét ké moi: cac mdi duoc thiét ké dé ndi cac manh tao
cau tric gRNA bang cong nghé Golden Gate theo nghién
ctru cua Xie va cs (2015) [17].

Tong hop PTG bang Golden Gate:
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Hinh 1. Nguyén tic tao ciu tric PTG bing Golden Gate [16].
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Csoas quy trinh tdng hop céu tric PTG hoan chinh bang Golden Gate
Warh Wi
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Nguyén tic cua phuong phap Golden Gate tong hop
PTG dugc trinh bay trong hinh 1. (A) Cach thiét ké moi dic
hiéu cho mdi gRNA spacer v&i 4 bp gbi 1én nhau trong phan
tmg nbi Golden Gate. Hai mdi thanh phan tao mot gRNA
spacer gbi 1én nhau dua vao 4 nucleotide lién tiép bat ky
trong ving spacer. (B) Nguyén tic tao mot cau tric gRNA
spacer hoan chinh bang Golden Gate. Sau khi cac manh
thanh phan dugc khuéch dai bang PCR va cat bang Bsal,
dau dinh dai 4 nucleotide dugc tao thanh gitip ndi 2 manh
thanh phan dé tao thanh mot cau tric gRNA hoan chinh.
Trinh ty ADN trong hop thé hién diém cit cua Bsal. (C) So
dd quy trinh téng hop ciu triic PTG hoan chinh bang Golden
Gate. Mot céu truc PTG véi (n-1) gRNA dugc chia thanh n
ménh thanh phan. Mdi manh thanh phan dugc khuéch dai
bang moi dic higu chira diém cat cia Bsal, ngoai trir 2 viing
dau va cudi cia mot ciu trac sir dung mdi chira diém cit cua
Fokl (LSADS-F va L3ADS5-R). Nhitng manh PCR nay duoc
ndi voi nhau bang Golden Gate dé tao ra PTG hoan chinh.
San pham cua phan tng tiép tuc dugc khuéch dai bang moi
S5AD5-F va S3ADS-R. Sau khi dugc cit bang Fokl, san
pham PCR dugc chén vio vector pPRGEB32 di dugc cat mo
vong bang Bsal dé tao céu trac PTG hoan chinh.

PCR khuéch dai cac manh thanh phén: trong nghién ctru
nay, mdi gen dugc chinh stra bang hai gRNA tai hai vi tri
lan can nhau.

Cac manh tao ciu tric gRNA bét hoat gen OsANK]
(ANK-1), OsANKI (ANK-2) va bat hoat dong thoi gen
OsANK1 va OsANK?2 [ANK(1+2)] dugc khuéch dai bang
phan tng PCR st dung Phusion High-Fidelity DNA
Polymerase (Thermo Scientific) voi cip mdi twong mg
(bang 1). Thanh phin phan tng PCR c6 thé tich 50 pl, bao
gém 10 pl 5X Phusion HF Buffer; 1 pl 10 mM dNTPs;
2,5 ul 10 pM mdi xudi; 2,5 pl 10 pM mdi nguoc; 0,5 pl
Phusion High-Fidelity DNA Polymerase va 0,1 ng plasmid
pGTR. Sau d6, phan ung dugc thuc hién voi chuong trinh
nhiét: 98°C, 2 phut; 35 chu ky (98°C, 10 gidy; 50°C, 20 giay;
72°C, 20 gidy); 72°C, 2 phut 30 giay.

Céac manh P1, P2 va P3 duoc st dung dé tao cAu tric
ANK-1, cac manh P4, P5 va P6 duoc sir dung dé tao ciu
tric ANK-2, cac manh P1, P2, P5, P6 va P7 dugc st dung
dé tao céu tric ANK(1+2).
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Bang 1. Cac manh PCR thanh phan can téng hop véi cap
mdi twong trng.

Kich thuéc
Manh PCR  Mbixudi Moinguwge Ky hi¢u san phim
PCR (bp)
P1 L5ADS-F  ANKla-R L5AD-ANKl1a 140
P2 ANKla-F ANKIb-R  ANKIla-ANKIb 190
P3 ANKI1b-F L3ADS5-R ANKI1b-L3AD 120
P4 L5SADS-F  ANK2c-R L5AD-ANK2c 140
P5 ANK2c-F  ANK2d-R  ANK2c¢c-ANK2d 190
P6 ANK2d-F L3AD5-R  ANK2d-L3AD 120
P7 ANKI1b-F  ANK2c-R ANKI1b-ANK2¢ 190

Tong hop cac céu tric PTG bang Golden Gate: san
phim PCR cic manh thanh phan tiép tuc dugc tinh sach
bang QIAquick PCR Purification Kit (QTAGEN) tru6c khi
dugc dua vao phan ing Golden Gate. Thanh phan phan
tmg 20 pl bao gom: 10 pl 2X T7 DNA Ligase Buffer (132
mM Tris-HCI, 20 mM MgCl,, 2 mM ATP, 2 mM DTT, 15%
PEG 6000, pH 7,6); 2 ul Bovine Serum Albumin (1 mg/
ml); 0,5 pl Bsal (10 U/ul); 0,5 ul T7 DNA ligase (3000 U/
ul) 25 ng mdi manh PCR thanh phan. Sau d6, phan ung
duoc thyc hién véi chuong trinh nhiét: 50 chu ky (37°C, 5
phut va 20°C, 10 phut ); va sau do giir tai 20°C trong 1 gio.
San pham cua phan tmg Golden Gate dugc pha loang 10
lan trong H,O0 dé lam khuén cho phan tmg PCR khuéch dai
toan bo ciu truc voi cdp mdi S5ADS5-F va S3ADS-R. Phan
tmg PCR c¢6 thé tich 50 pl bao gdm: 10 pl 5X Phusion HF
Buffer; 1 pl 10 mM dNTPs; 2,5 pl 10 uM modi xubi; 2,5
pl 10 pM mdi nguoc; 0,5 ul Phusion High-Fidelity DNA
Polymerase; va 2 pl san pham pha lodng cta phan trmg GG.
Sau d6, phan tng dugc thuc hién véi chuong trinh nhiét:
98°C, 2 phut; 35 chu ky (98°C, 10 gidy; 60°C, 20 gidy; 72°C,
20 gidy); 72°C, 2 phut 30 giay.

San pham PCR khuéch dai toan bo ciu tric duge tinh
sach bang QIAquick PCR Purification Kit (QIAGEN) trudc
khi dugc cit bang Fokl (Thermo Scientific). San pham cit
duoc dién di trén gel agarose 1% dé tinh sach trén gel bang
QIAquick Gel Extraction Kit (QIAGEN) truge khi duge
ndi véi vector pRGEB32 dd dugc cit bang Bsal, , enzyme
T4 ADN ligase (Thermo Scientific). San phdm ndi sau dé
dugc bién nap vao té bao kha bién E. coli DH10b (Thermo
Scientific) bang phuong phap sbc nhiét trude khi duoc trai
trén dia thach LB c6 bd sung khang sinh kanamycin. Sau
khi nudi qua dém, cac dong té bao moc trén dia duoc sang
loc béng ky thuat PCR khuan lac voi cap moi S5AD5-F
va S3ADS5-R. Cac dong té bao cho két qua sang loc PCR
dwong tinh dugc nudi trong méi truong LB 16ng c6 bd sung
khang sinh kanamycin qua dém dé tach chiét lay plasmid
bang QIAprep Spin Miniprep Kit (QIAGEN).

Giai trinh tu gen: cac dong plasmid sau d6 dugc gui di
giai trinh tu tai Cong ty 1 Base Malaysia d¢ kiém tra tinh
chinh xéc cua cau truc.
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Két qua
Thiét ké gRNA spacer

Dé tng dung cong nghé CRIPSR/Cas9 chinh stra va
nghién ctru chirc nang cua gen, gRNA spacer duoc lya chon
can han ché t6i da kha ning phtc hgp Cas9-gRNA off-
target. Két qua cho thiy, dya vao chi s6 20mer + PAM dugc
trinh bay ¢ bang 2 va 3, cac trinh tu gRNA spacer thu dugc
déu chi bt cip dic hiéu (on-target) dung mat trinh ty trén
thé gen ctia Nipponbare. Tuy nhién, dwa vao chi s6 12mer +
PAM, van c6 kha ning off-target xay ra. Chi s6 ndy cang 16n
thi kha nang off- -target cang cao. Do vay, hai trinh ty gRNA
spacer dbi vi mdi gen c6 chi s6 12mer + PAM thép nhét
da dugc lya chon: GCCACTGATTTATGCAGTTCTGG
va  CCTCTCCATTTAGCAGTTGAACA  d6i  véi
OsANK-1, GTGGACACAGTCGCAAACCGIGG va
TGGTGCTATGAAGATTTTATTGG dbi véi OsANK-2.

Bang 2. Thiét ké gRNA spacer bat hoat ANK-1.

Khi niing bat cip v6i céc trinh tir
trén thé gen Nipponbare

20mer+ PAM ~ 12mer + PAM

Vi tri bt cp trén thé

gen Nipponbare chr2 Trinh y gRNA spacer

CCTCTCCATTTAGCA
17203053 GTTGAACA 1 3

GCCACTGATTTATGC
17203153 AGTTCTGG 1 3

CCCTGATTTGTTTTT
17203194 TTTTCAAT 1 15

CCTGCAAATAATGA
17202937 AAGTTGCGA 1 9

TATATTATTTGTTTC
17202963 TAGTTTGG 1 1

CCTATCTTTTGTTTG
17203257 TIGATAAG 1 18

Ghi chu: trinh tw PAM dwoc gach chan. 20mer + PAM: kha nang gRNA
spacer bt cap 20 nucleotide lién tiép véi trinh tw PAM (NGG) trén thé
gen cua giong lua Nipponbare. 12mer + PAM: kha nang gRNA spacer

bat cap 12 nucleotide lién tiép véi trinh tw PAM (NGG) trén thé gen clia
giéng lua Nipponbare.

1 17203075 -

2 17203175 -

3 17203216 -

4 17202959 -

5 17202985 -

6 17203279 -

Bang 3. Thiét ké gRNA spacer bat hoat ANK-2.

Khi niing bat cip véi cdc trinh ty
trén thé gen Nipponbare

20mer + PAM 12mer + PAM

Vi tri bit cap trén thé

i gen Nipponbare chr2

Trinh tw gRNA spacer

GTGGACACAGTCGCA
17333571 AACCGTGG 1 2

TGGTGCTATGAAGATT
17313901 TTATIGG 1 7

GGCTTTTCTTGTTTGT
17333659 TTTCAGG 1 13

CCCCCGCCCAAAAAA
17333679 AAAGGGAA 1 14

CCAAAAAAAAAGGGA
17333672 AAAAAAAC 1 37

CCCCCCCCGCCCAAA
17333682 AAAAAAGG 1 13

1 17333593 -

2 17313923 -

3 17333637 -

4 17333701 -

5 17333694 -

6 17333704-
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Thiét ké moi dé tao ciu triic gRNA

Sau khi xac dinh dugc trinh tu gRNA spacer, trinh tu
mdi st dung dé tao cAu tric PTG duoc thiét ké tuong tu nhu
nghién ctru cua Xie va cs (2015) [17]. Trinh tu cac mdi duge
trinh bay ¢ bang 4.

Bang 4. Cac mdi str dung dé tao cau triuc PTG.

Tén moi Trinh ty (5°-3")
ANKla-F TA GGTCTCC GATTTATGCAGTTC gttttagagctagaa
ANKIa-R AT GGTCTCA AATCAGTGGC tgcaccageegggaa
ANKI1b-F TA GGTCTCC CTGCTAAATGGAG gttttagagctagaa
ANKIb-R AT GGTCTCA GCAGTTGAACA tgcaccagecgggaa
ANK2¢-F TA GGTCTCC ACAGTCGCAAACCG gttttagagetagaa
ANK2¢-R AT GGTCTCA CTGTGTCCAC tgcaccageegggaa
ANK2d-F TA GGTCTCC TATGAAGATTTTAT gttttagagctagaa
ANK2d-R AT GGTCTCA CATAGCACCA tgcaccagecgggaa
LSADS-F CG GGTCTC A GGCA GGATG GGCAGTCTG GGCA
ACAAAGCACCAGTGG
L3AD5-R TA GGTCTC C AAAC GGATG AGCGACAGC AAAC
AAAAAAAAAA GCACCGACTCG
SSADS-F CG GGTCTC A GGCA GGATG GGCAGTCTG GGCA
S3ADS-R TA GGTCTC C AAAC GGATG AGCGACAGC AAAC

Gach chan: trinh tw néi gitra cac manh ADN thanh phan.

PCR khuéch dai cic manh thanh phén dé tao cic ciu
triic gRNA

Trong nghién clru nay, cdc manh thanh phan dé tao cac
cau tric gRNA duoc khuéch dai bang phan tng PCR véi
khuon ADN 14 plasmid pGTR va cac mdi tuong tng (bang
1 va 4). Két qua hinh 2 cho thay, c4c san pham PCR déu cho
két qua pht hop voi tinh toan ly thuyét la: 120 bp ddi vai
mdi ANK 1b-F, L3AD5-R (P3), ANK2d-F va L3AD5-R (P6);
140 bp d6i voi mdi L5SADS5-F, ANK1a-R (P1), LSAD5-F va
ANK2c-R (P4); 190 bp déi voi mdi ANKla-F, ANKIb-R
(P2), ANK2c-F, ANK2d-R (P5), ANK1b-F va ANK2c-R (P7).

‘ Sau d6 cac manh PCR thanh phén duoc tron voi nhau
dé tao cau truc gRNA trong phan trng Golden Gate st dung
Bsal va T7 ADN ligase.

Sang loc cdac céu triic PTG bat hoat ANK-1, ANK-2 va
ANK-(1+2)

Céu triic ANK-1 dugc sang loc bang cap moi ANK1a-F
va ANK1b-R cho san pham PCR c¢6 kich thuoc 1y thuyet
1a 200 bp. Cau tric ANK-2 dugc sang loc bang cip mdi
ANK2¢-F va ANK2d-R v6i san phdm PCR 200 bp. Ciu
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Hinh 2. Két qua PCR khuéch dai cac manh thanh phan
tao cau tric PTG bat hoat ANK-1, ANK-2 va bat hoat déng
thi ANK-1 va ANK-2. 1: san pham PCR v&i mdi ANK1b-F va
L3AD5-R (P3); 2: san phdm PCR v&i mdi ANK2d-F va L3AD5-R
(P6); 3: san phdm PCR véi mdi LSAD5-F va ANK1a-R (P1);
4: san phdm PCR v&i mdi L5AD5-F va ANK2c-R (P4); 5: san
pham PCR v&i mdi ANK1a-F va ANK1b-R (P2); 6: san pham
PCR véi méi ANK2c-F va ANK2d-R (P5); 7: san phdm PCR voi
mdi ANK1b-F va ANK2c-R (P7); 8: SiZer™-100 ADN Marker
Solution (Intron).

trac ANK(1+2) dugc sang loc bang cip mdi ANKla-F va
ANK2d-R v6i san pham PCR 550 bp. Két qua (hinh 3) cho
thdy, 6/22 dong cho két qua duong tinh véi céu trac ANK-
1, 20/22 dong cho két qua dwong tinh voi cu tric ANK-2,
12/23 dong cho két qua duong tinh v6i cu traic ANK(142).

6 7 8 9101131213 13415 16 17 181920 21 2223 2425
ANK-1

7 38 3940 41 42 4344 45 46 47 48 49 50
ANK-2

51 52 53545555 57 58 5060 6162 6364 65 6667 68 63 7071 72 7374 75
ANK-(1+2)

Hinh 3. Két qua sang loc cac dong E. coli mang cau tric
PTG bt hoat ANK-1, ANK-2 va bat hoat déng thei ANK-1
va ANK-2 bang ky thuat PCR khuan lac str dung lan lwot
cac cap mdéi ANK1a-F*ANK1b-R, ANK2c-F*ANK2d-R va
ANK1a-F*ANK2d-R. 1-24: sang loc cu tric ANK-1, trong do:
11a am tinh, 24 |a dwong tinh; 26-49: sang loc cau tric ANK-
2, trong do: 49 la am tinh, 26 la dwong tinh; 51-75: sang loc
clu tric ANK-(1+2), trong dé: 51 1a mau am tinh; 25, 50, 63:
HighRanger 1 kb ADN Ladder (Norgen).
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Céc dong té bao E. coli cho két qua PCR khuan lac
duong tinh dugc nuoi cay de tach chiét plasmid.

Két qua gidi trinh tw cdc dong plasmid mang céu tric
gRNA

Cac d(‘)ng plasmid dugc xac dinh trinh ty theo ca hai
chiéu. Két qua giai trinh tu gen (bang 5) cho thiy, toan b
cac cau trac déu co it nhat mot dong plasmid cho két qua
nhu mong doi.

Bang 5. Két qua giai trinh tw cac dong plasmid mang cau
trac PTG bat hoat ANK-1, ANK-2 va bat hoat déng thoi
ANK-1 va ANK-2.

Ciu triic S0 lwgng dong giri di gidi trinh tv ~ Két qué giai trinh t

ANK-1 3 3/3 dong trinh tu ding voi thiét ké

ANK-2 3 2/3 dong trinh ty ding voi thiét ké

ANK-(142) 5 1/5 dong trinh ty ding véi thiét ké
Két luan

Trong nghién ctr nay, chung t61 da xay dung thanh cong
cac ciu truc PTG bét hoat riéng 1& OsANKI, OsANK2 va
dong thoi ca ha1 gen. Hién nay, cic cdu trac nay di duoc
bién nap vao gidng lua Kitaaké va cac cong viéc dic tinh
hoa cac dong ltia dot bién dang dugc tién hanh dé xac dinh
chirc nang cua hai gen nay.

LO1 CAM ON

Nghién ciru nay duoc tai trg boi Quy Phat trién khoa hoc
va cong nghé quoc gia (NAFOSTED) thong qua dé tai ma
56 106-NN.02-2016.60. Cac tac gia xin chan thanh cam on.

TAI LIEU THAM KHAO

[1] S.G. Sedgwick, et al. (1999), “The ankyrin repeat: a diversity
of interactions on a common structural framework”, Trends Biochem.
Sci., 24(8), pp.311-316.

[2] H.G. Elmendorf, et al. (2005), “Examination of a novel head-
stalk protein family in Giardia lamblia characterised by the pairing
of ankyrin repeats and coiled-coil domains”, Int. J. Parasitol., 35(9),
pp.1001-1011.

[3] L. Breeden, et al. (1987), “Similarity between cell-cycle genes
of budding yeast and fission yeast and the Notch gene of Drosophila”,
Nature, 329(6140), pp.651-654.

[4] S.E. Lux, et al. (1990), “Hereditary spherocytosis associated
with deletion of human erythrocyte ankyrin gene on chromosome 8,

TAP CHI

HOA HOC

ONG NGHE | ¢l Nam 62(7) 7.2020

Nature, 345(6277), pp.736-739.

[5]1 Y. Chinenov, et al. (1998), “Identification of redox-sensitive
cysteines in GA-binding protein-alpha that regulate DNA binding and
heterodimerization”, J. Biol. Chem., 273(11), pp.6203-6209.

[6] P.M. Neilsen, et al. (2008), “Identification of ANKRDI11 as a
pS3 coactivator”, J. Cell Sci., 121(21), pp.3541-3552.

[7] S.M. Hashemi, et al. (2009), “Cardiac ankyrins in health and
disease”, J. Mol. Cell Cardiol., 47(2), pp.203-209.

[8] H. Zhang, et al. (1992), “Expression of antisense or sense RNA
of an ankyrin repeat-containing gene blocks chloroplast differention
in arabidopsis”, Plant Cell, 4(12), pp.1575-1588.

[9] H. Cao, et al. (1997), “The Arabidopsis NPR1 gene that
controls systemic acquired resistance encodes a novel protein
containing ankyrin repeats”, Cell, 88(1), pp.57-63.

[10] S. Albert, et al. (1999), “The EMB 506 gene encodes a novel
ankyrin repeat containing protein that is essential for the normal
development of Arabidopsis embryos”, Plant, 17(2), pp.169-179.

[11] J. Huang, et al. (2009), “The ankyrin repeat gene family
in rice: genome-wide identification, classification and expression
profiling”, Plant Mol. Biol., 71(3), pp.207-226.

[12] Y.S. Wang, et al. (2006), “Rice XA21 binding protein 3 is a
ubiquitin ligase required for full Xa21-mediated disease resistance”,
Plant Cell, 18(12), pp.3635-3646.

[13] M.S. Choi, et al. (2005), “Isolation of a calmodulin-binding
transcription factor from rice (Oryza sativa L.)”, J. biol. Chem.,

280(49), pp.40820-40831.

[14] X. Zhang, et al. (2010), “Molecular characterization of
rice OsBIANKI, encoding a plasma membrane-anchored ankyrin
repeat protein, and its inducible expression in defense responses”,
Mol. Biol. Rep., 37(2), pp.653-660.

[15] K.N. Ta, et al. (2018), “A genome-wide association study
using a Vietnamese landrace panel of rice (Oryza sativa) reveals new
QTLs controlling panicle morphological traits”, BMC Plant Biology,
18(1), p.282.

[16] X. Ma, et al. (2015), “A Robust CRISPR/Cas9 System for
Convenient, High-Efficiency Multiplex Genome Editing in Monocot
and Dicot Plants”, Mol. Plant, 8(8), pp.1274-1284.

[17] K. Xie, et al. (2015), “Boosting CRISPR/Cas9 multiplex
editing capability with the endogenous tRNA-processingsystem”,
Proc. Natl. Acad. Sci. USA, 112(11), pp.3570-3575.

64



