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MO PAU

1. Tinh cip thiét cia dé tai

CRISPR-Cas9 1a mot cong nghé chinh sira gen tién tién, cho phép cai bién
DNA hé gen trong té biao mot cach chinh xac va hiéu qua. Hé théng nay tao ra dit
gdy DNA soi ddi tai vi tri x4c dinh trong hé gen va thong qua co ché tir sira chita
DNA cua té bao dé tao ra nhirng dot bién c6 chu dich trong hé gen. Chon giéng chinh
xéc bang cong nghé CRISPR/Cas9 c6 thé khic phuc dugc nhing han ché von c6 cia
céc phuong phap chon giéng truyén thdng nhu tiét kiém thoi gian va chi phi, gitr duoc
toan bd nén di truyén véi cac dic tinh nong sinh hoc quy cua giéng gdc. Viée ng
dung cong nghé nay da tao ra mdt cudc cach mang trong nghién ctru khoa hoc sy
sdng noi chung va khoa hoc nong nghiép néi riéng, mang lai co hdi méi cho linh vure
chon giéng chinh xac, dang va s& gop phan ning cao phim chét gidng & nhiéu loai
cay trong ¢ Viét Nam.

Bénh bac 14 Ita do vi khuan Xanthomonas oryzae pv. oryzae (goi tat 1a Xoo)
12 mot trong nhitng bénh hai nguy hiém nhat trén lta hién nay, gy ra nhiing thiét hai
ning né trong san xuat lda gao ¢ Viét Nam va nhiéu noi trén thé gi¢i. Cho dén nay,
cac bién phap phong trir thong thuong hau nhu khong mang lai hiéu qua dbi voi bénh
bac 14 lta; sir dung giéng 1aa khang vin 1a cach tét nhat dé ddi pho voi bénh bac 14
do vi khuan Xoo giy ra. Gidng laa Bic thom 7 (BT7) 1a mot trong nhiing gidng chu
luc & mién Bic v6i rt nhiéu wu diém nhu chat lugng gao thom, ngon, nang suit cao
va duoc nhiéu ngudi wa chudng. Tuy nhién, giéng laa ndy rat man cam véi bénh bac
14, dan dén san lugng thu hoach bi 4&nh hudéng nghiém trong, dac biét & vu Mua. Vi
vay, nghién ctru chon tao giéng laa BT7 khang bénh bac 14 12 yéu cau tat yéu, gitp
dam bao tinh bén viing va hiéu qua trong san xuat lta gao ¢ khu vuc phia Béc.

Xoo xam nhidm vao té bao lua va gy bénh thong qua hé thong tiét loai III
(Type III secretion system - T3SS). Cac protein TAL (Transcription activator-like
effector) thudc T3SS lién két voi vung promoter va hoat hoa su biéu hién cta cac gen
“nhiém” (susceptibility gene — S gene), gy bénh bac 14 cho ciy lta. OsSWEETI4

thudc ho gen mi héa protein van chuyén dudng SWEET (Sugar will eventually be



exported transporter) da duogc biét 1a gen “nhiém” quan trong c6 lién quan t6i bénh
bac 14 ¢ lta. Khi gen nay dugc hoat hda bdi céac protein TAL, té bao thyuc vat s& tang
cudng van chuyén dudng dén gian bao, cung cip dinh dudng cho Xoo sinh truéng va
phat trién. Cac dot bién xay ra trén viing promoter ctia gen “nhidm” tai vi tri lién két
(Effector binding element — EBE) vdi protein TAL c6 thé pha v& moi lién két giira
protein TAL cta Xoo va gen “nhiém”, tao ra tinh khang bac 14 cho cay lta. Diéu nay
d3 m& ra mot hudng nghién ciru day tiém ning nham cai tién tinh khang bénh bac 14
cho céc giéng laa chii lyc bang cong nghé chinh sira gen. Y tudng giy dot bién chinh
xac gen “nhiém” bang cong nghé CRSIPR/Cas9 dé cai tién tinh khang bac 14 cho
gidng lua BT7 1a chién luge chon gidng hoan toan méi & Viét Nam, dap tmg duoc
ddng thoi nhu cau cap thiét ciia san xuét ciing nhu nén khoa hoc nong nghiép Viét
Nam.

Vi vay, t6i da thuc hién ludn an “Nghién ctru ung dung cong nghé
CRISPR/Cas9 chinh stra promoter OsSWEETI4 nham nang cao tinh khang bénh bac
1a & giéng lua BT7”.

2. Muc tiéu nghién ctru

Muc tiéu chung:

Ung dung cong nghé CRISPR/Cas9 d¢é tang cuong tinh khang bénh bac 14 cho
gidng lta BT7 thong qua chinh stra promoter OsSWEETI4.

Muc tiéu cu thé:

- Téi wru quy trinh chuyén gen vao phdi non (immature embryo — IE) giéng laa
BT7 thong qua vi khuan Agrobacterium tumefaciens.

- Thiét ké cu traic T-DNA biéu hién phic hé CRISPR/Cas9 chinh sira
promoter OsSWEET]4 cua gidng lta BT7 (goi tat 1a SW14-BT).

- Tao dong laa BT7 mang dot bién chinh xéac trén SWI4-BT bang hé thong
CRISPR/Cas9.

- Sang loc dong laa BT7 chinh stra SW14-BT tang cuong tinh khang vadi vi
khuén Xoo Viét Nam.



3. Nhirng dong gép méi ciia lun an

- T6i vu cac diéu kién dé chuyén gen vao IE gidng laa BT7 thong qua vi khuan
A. tumefaciens; quy trinh chuyén gen tdi uu dat hiéu suat 20,68%.

- Xac dinh dugc OsSWEETI4 hoat ddng nhu mot gen “nhiém” quan trong ddi
vO1 bénh bac 1a ¢ giéng lua BT7.

- Thiét ké thanh cong hé thdng vector chuyén gen mang cau trac biéu hién
phuc hé¢ CRISPR/Cas9 chinh stra SW14-BT.

- Ung dung thanh cong hé thong CRISPR/Cas9, tao ra tim dong lia BT7 chinh
sira gen mang dot bién SW14-BT & dang dong hop, khong chira ciu trac T-DNA trong
hé gen va c6 mot sé dic diém nong sinh hoc chinh twong tu gidng lta dbi chimg
khong chinh stra gen.

- Tao dugc hai dong lua BT7 chinh stta SWi14-BT thé hién tinh khang hoan
toan voi ching vi khuan VXO 11.

4. Y nghia khoa hoc va thye tién ciia luin 4n
4.1. Y nghia khoa hoc

Viéc xac dinh duoc cac yéu té moi trudng nudi cdy va yéu tb vat Iy tic dong
dén chuyén gen vao IE gidng laa BT7 thong qua vi khuan A. tumefaciens da bo sung
cac dan liéu khoa hoc cho nghién ctru chuyén gen vao cac gidng lta indica.

Trén co s& phén tich mirc 6 biéu hién OsSWEETI4 khi 1ay nhiém céac ching
vi khuan VXO va danh gia tinh khang bénh bac 14 cua cac dong lta BT7 chinh sira
SW14-BT biéu hién OsSWEETI4, luan an da budc dau xac dinh dugc co ché gay bénh
& muc do phan tir ctia mot s6 ching VXO trén gidng laa BT7. Két qua ludn an di cho
théy su da dang ctua quﬁn thé Xoo & Viét Nam, it nhat 1a vé hé protein tiét loai III
TAL lién quan téi doc tinh cia vi khuan trén cay laa. Ching VXO 11 giy bénh trén
BT7 thong qua mot protein TAL doc duy nhat lién két voi vi tri EBE
AvrXa7/PthXo3/TalF; trong khi doc tinh cta hai ching VXO 60 va VXO 96 phu
thudc vao it nhat 2 protein TAL khac nhau.

Luin an di thanh cong trong viéc st dung hé thong chinh stra gen

CRISPR/Cas9 dé tao dot bién chinh xac trén giéng lua chu luc trong san xuat (BT7)



ctia Viét Nam. Py 13 ngudn dan liéu tham khao t6t cho cong tac nghién ciru lién
quan dén chinh sira gen bang cong nghé CRISPR/Cas9.
4.2. Y nghia thuc tién

Luan an da tao dugc dong ltia BT7 chinh stra gen c¢6 kha nang khang ching vi
khuan VXO 11, mang cac dic tinh nong sinh hoc chinh khong khac biét so v&i véi
gidng gdc ban dau khi tréng ¢ diéu kién nha ludi. Pay 1a ngudn nguyén liéu cho
nghién ctru chon tao va phat trién dong/giéng lta BT7 khang bénh bac 14 sau nay.

Céc cau trac vector chinh stra promoter OsSWEETI4 14 san pham trung gian
trong qua trinh thyc hién dé tai nay c6 thé dugc st dung cho cac nghién ctru twong tir
nham cai tao tinh khang bénh bac 14 cho cac giéng lta chu luc khac & Viét Nam.

Day 1a nghién ciru dau tién ap dung cong nghé chinh sira gen (CRISPR/Cas9)
vao cai tao gidng lta ¢ Viét Nam. Thanh cong cua ludn 4n dd mo ra trién vong vé
hudng nghién ciru chinh sira gen nham nang cao ning suét, tinh chdng chiu va chat
luong cua cac gidng cdy trong khac ¢ Viét Nam.
5. Pham vi nghién ctru:

Dia diém nghién ciru:

Cac thi nghiém vé vi khuan, nuéi céy mo va sinh hoc phan tr dugc thyc hi¢n
tai BO moén Bénh hoc Phan tir, Vién Di truyén Nong nghiép.

Céc thi nghi¢m nong hoc, gieo tréng, danh gia tinh khang bénh dugc thuc hién
tai nha ludi an toan sinh hoc cua Vién Di truyén Nong nghiép, tai so 1 duong Pham
Vin Pong, quan Bic Tir Liém, Ha Noi.

Thoi gian thuc hién: Tt 08/2017 — 12/2021.



Chuong 1. TONG QUAN TAI LIEU VE NOI DUNG NGHIEN CUU

1.1 Giéi thiéu vé cong nghé chinh sira gen CRISPR/Cas9
1.1.1 Gidi thiéu chung vé cong nghé chinh sira gen

Chinh stra gen (hay con dugc goi la chinh stra hé gen) 1a mdt tap hop cac cong
cu giup cac nha khoa hoc thay doi DNA cua sinh vat. Phuong phap nay loi dung hé
thong stra chita DNA cuia té bao dé tao ra nhimng thay doi nho trong trinh ty DNA
dich, thong qua viéc st dung cac nuclease tong hop dé tao ra dot bién dut giy soi doi
(double-stranded breaks - DSB) tai vi tri xac dinh trong hé gen. Dot bién xay ra trén
phan tir DNA thuong 1a: (1) ghép nbi tryc tiép va (2) mat/chén doan hodc trao doi
chéo hoic chuyén doan (Hinh 1.1) [118].
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Hinh 1.1: Co ché chinh sira gen
Ghi cha: Cac muc do khac nhau cua téi to hop, c6 su twong dong va khong

trong dong. Tai to hop khong twong ddng: Con dudng tao ra cNHEJ sira chira bao



ton theo nguyén tic bd sung; con dudng cit bo sai hong tao ra dot bién méi
altNHEJ/MMEIJ (mit hodc chén dudi 3 nucleotide) va ghép soi don (SSA) xay ra khi
c¢6 doan trinh tu tuong dong ton tai & dau do trong hé gen. Ca 3 loai stra chita nay déu
khac véi tai to hop tuong déng (HDR), & d6, sau khi cit bo doan sai hong, phan nho
ra clia sgi don ndy s& trao d6i chéo véi phan twong dong khong bi hu hai (mot phan)
ctia soi don phan tir khac va ghép soi d6i (lién két bd sung - SDSA), gay ra sy dao
nguoc hodc hoan vi gen alen. Ngoai ra, cac cau tric tai to hop (dudng ndi Holiday)
trung gian co thé dugc hinh thanh béi sy trao ddi doan sgi d6i gitta phan ti khudn va
phan tir 16i hong. Dya vao phan tir khudn, su trao ddi doan soi ddi tao ra nhiém séc

ttr chi em (SCE), trao d6i chéo trong giam phan hodc cac dang sap xép lai khac [118].

Bang 1.1. Pic diém chinh ciia cac cong nghé chinh sira gen

Pic diém | Meganuclease ZFN TALEN |CRISPR/Cas9
. . , SV nhan so
Neudn oéc SV nhan sova SV | Sinh vat nhan Vi khuan S
guon g nhan thuc thue Xanthomonas (Streptococus
pyogenes)
Mo-dun lién két DNA - Protein DNA - Protein DNA - Protein DNA - RNA
. . Céap Protein Cap Protein
Moé-dun cat Protein don Cas9 + gRNA
(FokI) (FokI)
Chiéu dai trinh t
feu cat i 12— 40 bp 18- 24 bp 2459 bp 20 bp
dich
Tan suét diém cit 1/1.000 bp 1/140 bp 1 tiéu don vi/l bp | 1/13 bp (PAM)
b dac hiéu Trung binh Trung binh Trung binh Cao
Phiic tap, dat da , .
Kha nang thi N ue ’qlp,A a AO bat do, can thoi | Nhanh, don gian, | Nhanh, don gian,
. can chuyén mon : .. Y .
nghiém o i gian dai chi phi thap giaré
cao va kinh nghiém

Nghién ctru chinh stra gen voi sy phat trién ctia bén cong cu dua trén bon loai
nuclease khic nhau, bao gdm Meganuclease, ZFN (Zinc-Finger Nuclease), TALEN
(Transcription Activator-Like Effector nuclease) va CRISPR/Cas (Clustered
Regularly Interspaced Short Palindromic Repeats/CRISPR-associated protein) da gat
hai nhiéu thanh cong trong gan ba thap ki qua. Cong nghé Meganuclease va ZFN la
hai cong nghé thé hé thir nhat, c6 nhuge diém 1a kha dit do va kho thiét ké nén kho
c6 thé ap dung dé nghién ctru chinh stra gen. TALEN va CRISPR/Cas 13 hai cong



ngh¢ chinh stra gen thé hé thr hai; da duoc cai tién va hoan thién hon, vi vay, dé sir
dung va linh hoat hon nhiéu. TAt ca cac hé thé)ng chinh stra gen déu co co dic diém
chung 14 duoc ciu tao bdi 2 thanh phan chinh: (1) thanh phan nhan biét va lién két
v6i DNA dich (yéu té gin DNA) va (2) thanh phan cit DNA dich (yéu t6 cit DNA).
Tuy nhién, mdi hé thdng c6 nhimng dic diém dic trung riéng khién cho chung dugc
st dung voi cac muc dich khac nhau (Bang 1.1) [36].

Do ¢6 kich thudc hé gen twong d6i nho, ngudn da dang gen di truyén sin co,
hiéu qua chuyén gen cao, dir liéu da cong bd vé hé gen nhiéu hon so véi cac loai ngii
cdc khac, vi vay, ciy lua duoc xem nhu mot trong cac hé thong mé hinh tuyét voi
nhat dé nghién ctru chirc ning hé gen, dic biét 13 cac nghién ctru ing dung cong nghé
chinh stra gen. Ngdy cang c6 nhiéu cac cong bd khoa hoc (Phu luc 1) di ching minh
cho thiy thanh cong cuia viéc ing dung cac cong nghé chinh stra gen khac nhau vao
cay lua nham phat hién vai tro cta cac gen chirc nang va kha ning cai tién cac tinh
trang quy nhu cai thién chat luong va ning suat hat, ning cao strc sdng cua cdy, ning
cao ham luong cac chit dinh dudng, cai thién stress phi sinh hoc va stress sinh
hoc...[103].

1.1.2  Céu triic va co ché chinh sira ciia cong nghé CRISPR/Cas9
1.1.2.1. Cau triic va chirc ndng sinh hoc ciia cong nghé CRISPR/Cas9

Céc nha khoa hoc da chirng minh CRISPR cung véi cac gen Cas tao nén dap
mg mién dich thich tmg & vi khudn va vi khuan c¢6 dai dé chdng lai virus va phage
[73, 112]. Cac locus CRISPR nay da dugc phat hién trong hé gen cua vi khuén va tao
tur 1au; tuy nhién, cac nha khoa hoc phai méat hon 20 nim nghién clru méi tim ra chic
nang sinh hoc ctua h¢ théng CRISPR trong vi khuén, vi khuén c6 dai va tao [73, 112].

Mot hé thong CRISPR/Cas tu nhién bao gdm: cac gen Cas ma hoa boi cac don
vi lap dbi ximg nghich dao twong dong, cac endonuclease hoat dong qua trung gian
RNA, cac RNA ngén (duoc goi 1a “spacer”) sinh ra boi su xuét hién cua céc trinh tu
DNA ngin di dong (duoc goi 1a “protospacer”). Protospacer cé trinh tu bd sung véi
céc spacer di chuyén xung quanh vi tri trinh tu ldp ddi xtng nghich dao tuong dong
khi té bao vi khuén bij tn cong. Céc spacer nay c0 vai tro phat hién su xuét hién cua
DNA ngoai lai khi té bao bj xAm nhiém va cho phép hé théng CRISPR/Cas cit DNA
ngoai lai. Co ché hoat dong ctia hé thong mién dich qua trung gian CRISPR/Cas bao



gé)m ba budc: thu nhan, biéu hién va can thiép. O buéc thu nhan, mot spacer méi
(trinh ty cia DNA ngoai lai) dugc thu nhan va chén vao cau tric tuan ty trén locus
CRISPR. Tién chiat CRISPR-RNA (pre-crRNA) va protein Cas duoc sinh tong hop &
budc biéu hién. Nhd RNase I11, pre-crRNA bi cit ra thanh cac phan tir crRNA truong
thanh; crRNA s& két hop vai protein Cas & budc can thiép dé cit cac DNA ngoai lai.
Motif CRISPR gian lién véi mdi protospacer va nam sat v6i trinh tuy DNA dich dugc
dat tén 1a trinh tu lién k& protospacer (protospacer adjacent motif — PAM). Trinh tu
PAM nam trén hé gen ciia virus va phage nhung khong xuat hién trén locus CRISPR
trong hé gen vi khuan [112].

Céc phan tich tin sinh hoc di chi ra rang Cas9 1a mét protein kich thudc 16n
da chirc nang, gdm hai phan: (i) thanh phan nhén biét co vai trd phat hién DNA dich
va trong tac voi sgRNA; (ii) thanh phan nuclease chira 2 domain RuvC-like va HNH,
trong d6 RuvC cit soi DNA dich khong bo sung voi gRNA va HNH cit sgi DNA b
sung v&i gRNA. Nuclease Cas9 phat hién DNA dich trong hé gen c6 chua trinh ty
dai 20 bp twong ddng voi trinh ty 16i hay trinh ty ddn duong trén phan tir sgRNA. Co
ché hoat dong nay tao nén tinh dac hi¢u cua Cas9 [112].

Trinh ty PAM chura 2 nucleotide bao thii nam phia trude vi tri lién két véi
crRNA dé protein Cas nhéan biét trinh tu dich. Protein Cas khong thé phat hi¢n va cat
hiéu qua DNA néu thiéu budc nhan biét trinh tu PAM. Trong hé¢ théng mién dich tu
nhién cua vi khuan, trinh ty PAM c6 y nghia dic biét quan trong gitip phan biét DNA
vi khuan va DNA ngoai lai xdm nhiém. Pic diém nay giup vi khuan bao vé DNA cua
minh khoéi su tdc dong ctia nuclease. Trinh ty PAM dugc phtic hé Cas9:sgRNA phat
hién va Cas9 endonuclease sé& cét tao dut gay DNA tai vi tri cach trinh ty PAM 3 bp.
O mot vai hé théng CRISPR, trinh ty PAM déc biét quan trong ddi véi hoat dong
chirc nang cua protein Cas, vi du nhu trinh tt PAM 5’-NNNNGATT dugc nhan biét
boi protein Cas cua Neissseria meningiditis. Tuong tu, protein Cas cua S.
thermophiles phat hién trinh tu PAM 5’-NGGNG hay 5’-NNAGAA, protein Cas cua
S. pyogenes phat hién trinh ty PAM 5°-NGG [73, 112].

C6 thé thay, phirc hop CRISPR/Cas9 c6 cau tric khong phirc tap, dé tiry bién
dé bam dic hiéu DNA va dic biét 1a co thé thiét ké va thao tac khong can st dung

DNA hay plasmid. Diéu d6 giup giam thiéu lo ngai tuong tu trong trudng hop cia



sinh vat bién d6i gen [69, 75]. Do loi thé vé ki thuat khong qua phtrc tap trong thiét
ké cdu trac, tinh hiéu qua cao, chi phi vira phai... nén céng nghé chinh sira hé gen sir
dung CRISPR/CAS9 duoc tmg dung phd bién khong chi trong linh vuc y té ma con
c4 trong linh vuc sinh hoc nong nghiép dé phuc vu nhiéu muc dich nghién ctru khac
nhau nhu nghién ctru chirc ning gen, cai tao gidng cay trong. ...
1.1.2.2. Co ché chinh sita gen dich ciia hé thong CRISPR/Cas9

Nam 2012, 1an dau tién cong nghé CRISPR/Cas9 dugc ap dung dé chinh sira
gen sinh vat trong cong trinh nghién ctru cta Jinek et al. tai truong dai hoc California.
Céc tac gia nay dd dwa vao té bao mot phirc hé bao gdm nuclease Cas9 va RNA dan
duong (guide RNA - gRNA) tur thiét ké dé cat doan DNA tai nhitng vi tri mong mudn
[68].

Linker loop HNH

tractRNA\

(A) (B)

x s Cas9:sgRNA
RNA dan duong
5§ =-\CTTCACGCATTCCGAGTTCT
S =\CTTCACGCATTCCGAGTTCT
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Hinh 1.2: H¢ thong chinh sira gen CRISPR/Cas9
Ghi chii: Hé thong CRISPR/Cas9 bao gom gRNA (4) va Cas9: sgRNA (B). (C) Nuclease
Cas9 phat hién vi tri dich trong hé gen (mau xanh) Trinh ty PAM ddc hi¢u (mau do) dwoc
phure hé Cas9:sgRNA phat hién. [73, 112]
Hién nay, hé théng mién dich cua S. pyogenes (CRISPR/Cas9) dugc sir dung
phd bién trong cac nghién ctru chinh sira gen bang cong cu CRISPR/Cas. Hé thong
CRISPR/Cas9 nay da duogc cai bién chi chira hai thanh phan: (i) phan tor sgRNA
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(single-guide RNA) khong mé hoa protein chira trinh tu dan duong duoc tao ra bang
cach két hop protospacer voi crRNA va tractRNA; va (ii) enonuclease Cas9 két hop
voi sgRNA dé tao thanh phurc h¢ CRISPR/Cas9 dé cit DNA soi doi (dsDNA). Protein
Cas9 dugc dan duong boi sgRNA va nhan biét DNA dich nhd sy ¢6 mat cta trinh tu
“16i” trong sgRNA va trinh ty PAM 5°-NGG’-3” nam gan trinh ty dich (Hinh 1.2)
[112].

Pic diém quan trong nhat cia phuong phap chinh stra gen CRISPR/Cas 14 tao
ra dit gdy DNA & vi tri xac dinh, tir 6 c¢6 thé tao ra nhiing thay d6i trén hé gen thong
qua hai con duong stra chita DNA: ghép nbi tan cing khong twong dong (Non-
homologous end joining - NHEJ) va stra chita chinh xac nho tai t6 hop tuong dong
(homology-directed repair - HDR). Sau khi phat hién ra vi tri dich, Cas9 cho phép
sgRNA bat cap voi trinh ty dich. Sau khi phat hi¢én ra co ché hoat dong quan trong
nay, hé théng CRISPR/Cas9 loai II ty nhién di dugc don gian hoa, trong d6 phan tir
kép tracrRNA:crRNA di duoc cai bién thanh mot phan tr RNA din duong don
(sgRNA). Phén tir sgRNA cai bién c6 thé din duong cho protein Cas9 tai to hop dé
cit dic hiéu DNA trong thi nghiém in vitro. Soi DNA bi dut giy dau bang c6 thé
duoc stra chira theo con duong HDR hoac NHEJ [73, 112].

Co ché stra chita NHEJ thuong dé xay ra 16i va gdy ra hién tuong chén hoic
mét nucleotide trén trinh tu dich. Co ché sira chita nay dugc té bao str dung phé bién
trong hau hét cic pha ctia chu trinh té bao va khong yéu cau phai c6 trinh ty khuon
tuong dong khi sira chita. Chinh vi vay, co ché nay tré thanh phuong thirc pho bién
dé bat hoat gen bang cach tao ra nhing bién ddi nho (chén/mat Nu) tai nhitng vi tri
xéc dinh trén gen dich. Khi mot cap sgRNA dugc biéu hién, con duong NHEJ c6 thé
tao ra mot dot bién mat doan 16n trén NST. Uu diém vuot troi cia hé théng CRISPR
so véi TALEN va ZFN d6 1a ¢ thé d& dang tan cong dong thoi vao nhiéu vi tri khac
nhau chi bang mot loai protein Cas9. Chinh sira da gen c6 kha nhiéu tmg dung nhu
bat hoat da gen, x6a doan NST 16n, ddo vi tri doan NST, chén gen. Do c6 thé chinh
sira dong thoi nhidu gen lién quan téi nhimng tinh trang da gen, hé théng CRISPR 14
mot phuong phap rat hiéu qua cho nghién ciru chon giéng quy tu [73, 112].
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Con duong stra chira HDR chi hoat dong khi trong té bao c6 mit mot trinh tu
dich twong ddng dic hiéu v6i vi tri DNA bj dit gdy. O thuc vat, nhiéu thanh tyu chinh
sua gen da dat duoc béng co ché HDR, vi du nhu thay thé gen, chinh stra chinh xac
DNA, chuyén gen c¢6 dinh huéng. HDR bat ddu ¢ pha S va G2 trong chu trinh té bao.
Qua trinh stra chita DSB yéu cau mot trinh ty khudn twong dong véi vi tri bi dut giy.
Soi khuon dé stra chita c6 thé nam sin trén sgi NST trong cdp tuong déng hoac duoc
dua tir bén ngoai vao té bao, vi du nhu mot phan tir DNA soi doi hay DNA soi don
ngoai sinh chira trinh tu da duoc cai bién theo y mudn dé chén vao vi tri dut giy.
Chinh stra chinh xac hé gen bang co ché HDR d3 dugc ing dung trén nhiéu ddi twong
sinh vat khac nhau. Tuy nhién, & thyc vat, chinh stra gen bﬁng HDR van la mét thach
thire do hiéu suat thip va nhimg han ché trong phuong thirc dua trinh tu khudn vao

trong té bao thuc vat [73, 162].
1.1.2.3. Cdc buéde thue hién chinh sira gen bang hé thong CRISPR/Cas9

Dé chinh sira gen thyuc vat béng CRISPR/Cas9, qué trinh thuc hién co ban gé)m
5 budc chinh nhu sau (Hinh 1.3) [65]:

Budc 1: Sang loc vi tri gen dich va thiét ké sgRNA: Xac dinh gen dich va vi
tri can chinh sira, tir 46 dinh hudng thiét ké trinh ty gRNA dé c6 thé chinh sira dung

muc tiéu.

Budc 2: Tong hop sgRNA va thiét ké cau truc vector biéu hién sgRNA-Cas9:
tu trinh ty sgRNA da dugc lya chon, tién hanh cit, ghép voi vector biéu hién thich

hop véi té bao vat chi.

Budc 3: Bién nap céu triic vector vao té bao vat chu: bang cac bién phap
chuyén gen theo hudng 6n dinh (thong qua vi khuan Agrobacterium, sing ban gen
hodc nudi ciy ngap chim) hoic theo hudng biéu hién tam thoi gen bang phwong phap
vi tiém hodc nudi ciy protoplast.

Budc 4: Xac dinh thé dot bién théng qua viéc sang loc cac ca thé mang gen
dich da dugc chinh sira bang cac phuong phap sir dung enzyme cat gioi han, giai trinh

tu hodc bang phuong phap PCR.
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Budc 5: Panh gia kiéu hinh va chon dong chinh stra gen muc tiéu thong qua
viéc trong cdy va danh gia cac dac diém kiéu hinh, phén tich kiéu gen cac dong lua

song sot dé chon dong da co sy chinh stra gen muc tiéu.
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Hinh 1.3: Cac buéc co ban thue hi¢n chinh sira gen bang CRISPR/Cas9
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1.1.3 Ung dung hé théng CRISPR/Cas9 trong khoa hoc cdy trong
1.1.3.1. Trén thé giGi

Ung dung CRISPR/Cas9 vio linh vuc nghién ctru co ban trong khoa hoc cay
trong dd gitp tim hiéu dugc chirc ning cua rat nhiéu gen, tir 6 mé ra huéng di moéi
cho viéc chon tao cac gidng cy trong mai co nang suat cao va pham chat tt phuc vu
san xuét thong qua bét hoat gen, hay biéu hién, thay thé gen hodc tao dot bién diém
chinh xac theo y mubn [94]. Vi du, Gen Drb2a va Drb2b dugc phat hién c6d chuc
nang diéu hoa dap tng stress méan va han ¢ cay dau twong, gen SIMAPK3 1a chiu han
& ca chua thong qua thong qua bat hoat don gen; CHL! (magnesium-chelatase subunit
I) duoc chimg minh 14 ¢6 chire ning téng hop diép luc trong qua trinh quang hop qua
thi nghi¢ém chinh stra da gen; hop CArG trong vung CRE ctia WUS dac bi¢t quan
trong v6i su hinh thanh vong nhidm sic thong qua thi nghiém gay dot bién mat doan
nhiém sic thé; gen ndi sinh ANTI ¢6 lién quan dén tich lity anthocyanin lam cho cay
ca chua c¢6 kiéu hinh mau tim dam thong qua loai dot bién chén cac trinh tu chirc nang
vao vi tri nhat dinh trong hé gen [73].

Loai bo cac yéu td tiéu cuc 1a mot trong nhitng phwong thirc hiéu qua dé cai
tién di truyén cua cay trong. Vi du, bat hoat cac gen kiém soét céc tinh trang khong
mong mudn 13 img dung don gian nht va pho bién nhat cia CRISPR/Cas9. Céc tinh
trang cdy trong da duogc cai tién bang CRISPR/Cas9 theo phuong thirc nay bao gdm
nang sudt, chat lugng, chong chiu yéu td stress sinh hoc va phi sinh hoc. Ki thuat
chon gidng lai va nhiéu vin dé quan trong khac lién quan t6i nang suat cay trong ciing
da duoc cai tién nho cong cu ndy [46]. Ngoai lta, nhiéu cay trong khac ciing dd duoc
nghién ctru ing dung CRISPR/Cas9 dé tao ra gidéng moi c6 chit lugng cao nhu cay
lanh (Camelina sativa) va ciy cai dau (Brassica napus) c6 hat chira ham lugng dau
axit oleic cao; ca chua c6 thoi gian bdo quan lau hay ham lugng lycopene va axit y-
aminobutyric cao; khoai tiy c6 ham lugng doc td steroid glycoalkaloid thap do giam
su hinh thanh ré to. Mot tng dung trién vong khac cia CRISPR/Cas9 trén ciy cao
lwong 14 giam ham luong kafirin, ngudn gdc hinh thanh nén céac protein kho tiéu va

khong chura lysine, mot loai axit amin thiét yéu, béng cach str dung mot sgRNA téac
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dong toi vang bao thu cua tat ca cac gen k7 C. Trong mot nghién ciru khac, ham lwong
protein zein trong hat ngd co thé giam t&i 12,5% bang cach bat hoat gen PPR va RPL.
Cong ngh¢ chinh stra gen cling da gitp tao ra cac dong ngd cé ham lugng tryptophan
va lysine ting dang ké, day la nhirng axit amin rat tot cho sirc khoe con ngudi. Twong
tu, gen ma hoa polyphenol oxidase (PPO) tao ra ddm nau trén ndm md Agaricus
bisporus ciing dugc bit hoat bang cong cu CRISPR/Cas9 dé tao ra gidng ndm c6 mau
bat mit va bao quan dugc lau hon. Tinh khang bénh do nam, vi khuén va virus cta
nhiéu loai thyc vat thong qua cong cu CRISPR/Cas9 ciing dd dugc cong bd. Promoter
CsLOBI chira yéu tb lién két véi effector (effector-binding element - EBE) PthA4;
khi effector PthA4 cta Xanthomonas citri ssp. citri (Xcc) nhan biét va lién két véi
EBE PthA4, effector hoat héa biéu hién cua LOBI va dan téi nhiing triéu chimg cua
bénh loét qua, mdt loai bénh hai nguy hiém trén cay c6 mui. Cac dong cdy mang dot
bién tai vi tri EBE PthA4 biéu hién tinh khang vdi bénh loét qua do Xec; dong ca chua
do6t bién gen eif4g khang potyvirus phd rong hay bong dot bién gen cleud khang bénh
xodn 1a déu di duoc cong bd tir cac tng dung chinh sira gen bang cong nghé
CRISPR/Cas9 [46, 110].

Cong nghé CRISPR/Cas9 ciing da dugc ing dung nham ting cudng tinh chéng
chiu cac yéu td stress phi sinh hoc cho nhiéu dbi twong cay trong khac ngoai laa, nhu
laa my, ngd, bong, ddu twong, ca chua va khoai ty. Su phat trién cia cac giéng cay
trong chong chiu stress phi sinh hoc nhd cong cu CRISPR/Cas9 da gitip hién dai hoa
cac chuong trinh chon giéng cdy trong [73, 83, 112]. Mic du 1a phuong phép chon
tao méi duoc 4p dung, nhung cac nghién ctru chon gibng bing cong nghé
CRISPR/Cas9 ngay cang gia tang nhanh chong, dac biét trong 5 ndm tré lai day. Lua
1a cay lwong thuc chinh cua ca thé gidi, day ciing 1a d6i twong dugc nghién ctru Gmg
dung cong nghé CRISPR/Cas9 dé chon tao giéng chiém sb lugng cong trinh cong bd
nhiéu nhat (Bang 1.2).

Tom lai, cac két qua nghién ciru ¢ trén da chimg t6 chat luong cuia ciy trong
6 thé duogc cai tién bang cach tng dung hé thng chinh stra gen CRISPR/Cas9 [46,
73, 88, 112].
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Bang 1.2: Ung dung CRISPR/Cas9 cii tién di truyén cay lia

Muc tiéu Gen dich Loai djt bién Vi tri dot bién Tinh trang Tai liéu
OsLOLGS Mit nucleotide Exon (dich khung) Tang sb hat va trong lugng hat [139]
Cai thién OsPIN5b Mit nucleotide Exonl (dich khung) Tang s6 nhanh va chiéu dai bong [155]
nang suat OsGS3, OsGW?2, Mit nucleotide Exon 2, Exon 1; Exon 4 Tang chiéu dai, chiéu rong va sb hat [160]
OsGNla (dich khung)
OsAAPI0 Thém/ Mét Exonl (dich khung) Gao déo, com ngon (ECQ) [137]
nucleotide
OsGBSS1 Thém/ Mét Promoter va 5’UTR Ham lugng amylose thap [153]
Cai thién .
] nucleotide
chat lugng - - — —— - -
SSU-crtl va ZmPsy Thém nucleotide | Vung an nau an toan cua hé Giau carotenoid [50]
gen (GSHs)
OsPLDal Mét nucleotide Exon (Mét exon) Giam acid phytic [78]
Khang stress SWEETII, 13 va 14 Thém/ Mét Vung promoter Khang bénh bac 1a [144]
sinh hoc nucleotide
OsSRLI, OsSRL?2 Mit nucleotide Exon (Dich khung) Chiu han [92]
Khang stress phi OsRP22 Mit nucleotide Exon 1; dich khung Chiu méan [157]
sinh hoc .
OsDST Mat nucleotide Exon; dich khung Chiu han, chiu man [79]
Khang thube OsALI Thay thé nucleotide Exon; bét hoat Chiu bispyribacsodium [28]
diét co OsSF3B1 Thém/Mét nucleotide Bt va thay thé

Exon; dich khung va bat hoat gen
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1.1.3.2. O'Viét Nam

O Viét Nam, cac nghién ctru chinh sira gen néi chung va ung dung cong
nghé CRISPR/Cas9 dé chinh stra gen noi riéng & cdy trong con kha méi mé.
Nghién ctru tmg dung cong nghé chinh sira hé gen dé cai tao tinh khang bac 14 &
gidng lua Bic thom s6 7 va tinh trang mui thom & gidng laia OM5451 1a cac cong
trinh dau tién thudc linh vuc nay duoc dau tu tir ndm 2017 (Noi dung nghién ciru
cua Luan an nay nam trong khudn khé nhiém vu nay dugc thuc hién tai BO moén
Bénh hoc phan tir - Vién Di truyén).

Pdng thoi, mot sé nhom nghién ciru doc 1ap cua Vién Di truyén ciing da
nghién ctru mg dung cong nghé chinh stra gen CRISPR/Cas9 nhu mét cong cu dé
xac dinh va nghién cuu déc diém cua mot sd gen mdi lién quan dén sy hinh thanh
ciu trac bong va phat trién bo 1 & laa. Bén canh do, trong khudn kho hop tac gitra
AGI, JIRCAS va RIKEN, hudng nghién ctru xac dinh gen li€n quan tdi qué trinh
ra hoa cua cay sdn cling da dugc thuc hién [6].

Véi muyc ti€u tao ra dong lda c6 kha nang chiu méan cao hon, Vién Cong
nghé Sinh hoc ciing da ap dung cong nghé CRISPR/Cas9 trién khai nghién ctru tir
nam 2018. Tiép d6, hai gen méi GmGOLSIA va GmGOLSIB (gen sinh tong hop
galactinol) & dau tuong thong qua con duong bat hoat gen bang coéng nghé
CRISPR/Cas9 ciing da duoc cong bd nam 2020 [81].

Nhom nghién ctru cua Pai hoc Nong Lam — Pai hoc Thai Nguyén cling da
phdi hop ciing Vién Di truyén nong nghiép thuc hién nghién ciru cai tién tinh trang
kich thuéc hat Itia théng qua viéc bat hoat gen GS3 & giéng lua Bic thom 7 va di
thu dugc nhitng két qua kha quan. Ngoai ra, mot sb co quan khac nhu Hoc Vién
Nong nghiép, Vién nghién ciru hé gen ciing da budc dau c6 nhitng nghién ciru tng
dung cong CRISPR/Cas9 dé chinh stra gen trén ddi twong ciy ca chua.

Céc nghién ctru ¢ trén da cho thdy cong nghé chinh stra gen CRISPR/Cas9
c6 tiém ning tng dung rat 16n trong khong chi nghién ctru khoa hoc co ban ma
con ca trong linh vuc nghién ciru ing dung nham huéng t6i viéc ddy manh san

xudt nong nghiép & Viét Nam.
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1.2 Giéi thiéu vé bénh bac 1a & lia va vi khuin giy bénh
1.2.1 Bénh bac la lia
1.2.1.1. Triéu chung va dich té bénh bac ld lia

Bénh bac 14 (bacterial leaf blight disease) lia con goi 1a bénh chay bia la
cdy lta, do vi khuan Xoo giy ra, 1a mét trong nhitng bénh nhiét d6i dién hinh giy
hai d6i v6i nhiéu ving trong laa trén khip thé gisi [42]. Lua nhidm bénh c6 3 triéu
ching dién hinh 1a: Bac 14, vang nhot, héo xanh (con dugc goi 1a Kresek). Trong
d6, biéu hién vang nhot 1a anh huong sau, 1a hau qua cia su bac 14 hay Kresek gay
nén hodc cling cé thé 1a do doc tb cua vi khuan san sinh ra. Bénh bac 14 lua phat
sinh pha hai subt tir thoi ky ma dén thoi ky chin, nhung c6 triéu ching dién hinh
trén rudng 13 cdy & thoi ky tir sau dé nhanh dén trd va chin sira [100].

Khi ciy 1aa bj nhiém Xoo, vét bénh xuat hién & mép 13, mat 14, sau d6 lan
dan vao phién 14 hodc lan thang xudng gan chinh, mot sb it trudng hop vét bénh
bét ddu ngay giita phién 14. V&t bénh lan rong theo duong gon song hodc thing;
mo bénh xanh tai vang luc va cudi cing chét kho c6 mau nau xam (Hinh 1.4 a).
Ranh giéi gitta mo bénh véi mé lanh trén phién 14 rat rd rét, c6 gidi han theo duong
gon séng mau vang hoic khong vang, hodc chi mot duong vién mau nau sam, dut

quang hay khong dut quang [100].

a

Hinh 1.4: Triéu chirng bénh va phuong thirc xAm nhiém ciia Xoo trén ciy
laa
Ghi chu: (a) Triéu ching bénh bac la lua: Bénh phat trién tir mép la, tién trién, lan rong
va lam chay khé hét mat la (dién bién theo thit tir ld tir trén xuong duwdi trong dnh) [100];
(b) Té bao ciia Xoo bao quanh thiyy khong la lia [IRRI].
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Vi khuan Xoo xam nhiém vao lta qua thity khong, 16 khi ¢ trén mat 14, dic
biét qua vét thuong xay xat trén 14 va ré. Khi tiép xic véi bé mat c6 mang nudc
u6t, vi khuin Xoo tién vao bén trong céc 16 khi, & vi tri cac vét thuong; khi da &
trong hé mach, Xoo s& nhan 1én va di chuyén theo ca hai huéng va gay ton thuong
doc theo gan la. O vi tri vét bénh thuong tiét ra nhitng giot keo chtra mam bénh
(Hinh 1.4b), thong qua su va cham gitta cac 14 lua nho mua gié dé truyén lan téi
cac 14, cac cay khac.

Sy lay lan vi khuan trén dong rudng dién ra chi yéu trong nudc mua, nudc
lut va nudce tudi tidu; ngoai ra vi khuan co thé 1ay lan nhd swong va gi6. Tuy nhién,
vi khuén chi ton tai duoc trong nudc khong qué 15 ngay. Pac biét, trong canh tac,
vi khuan dé dang xam nhiém vao hé thong mach dan ctia cay 1aa khi nh6 ma bj dut
1 hodc ltic 14 Itia bi t6n thuong. Do d6, diéu kién thoi tiét 4m wét, nhiéu mua, bio
rat thuan loi cho bénh bac 14 phat sinh va 1y lan trén dong rudng. Bénh rat d& phat
sinh thanh dich, nhét 12 ¢ nhitng noi gieo cdy cac giéng man cam véi vi khun Xoo.
Bénh ning khién 14 la chay, dic biét 1a dong chay s& lam laa 1ép ling cao, giam
nang sudt nghiém trong [106].
1.2.1.2. Pham vi phén bé bénh bac ld hia

Bénh bac 14 dugc xem la mdt trong nhiitng bénh phd hoai sinh hgoc chinh
khap thé gidi, dugc phat hién 1an dau tién & ving Fukuoko, Kyushu, Nhat Ban tir
nam 1884 [104]. Sau d6, bénh d3 xut hién & cac nudc Pong Nam A tir dau nhiing
nam 1950 nhu Viét Nam (1945), An D6 (1951), Trung Qudc (1957) va Philippines
(1957). Chau A 1a noi tap trung bénh nhiéu nhét, do 90% lua gao trén thé gidi dugce
trbng ¢ ving nay [123]. Dan dan, n6 dién ra ¢ Uc, Bangladesh, Campuchua,
Indonesia, An Do va nhiéu nudc khac [106]. Cho dén nay bénh van dang lan rong
va anh huong nghiém trong dén san xuét lta ¢ nhiéu noi trén thé gisi (Hinh 1.5).
Bénh bac 14 lua cling xudt hién & mot sd nude chau Phi, chau Uc, Bic My
(Lousiana va Texas), Trung va Nam My; tuy nhién tac hai ctia bénh chi anh huong
chu yéu ddi véi kinh té ndng nghi¢p cua chau A [31]. Bénh bac 14 tro thanh dai

dich trén cay lua vao nhitng nam 1960, 13 thoi ky cac gidng cao san bt dau dugc
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dwa vao trong san xuat, gy thiét hai 20 — 50% nang suét [123] va tham chi 100%
[27].

Theo théng ké cua t6 chirc Luong thuc Thé gisi (FAO), bénh bac 14 laa
khong nhitng lam giam ning sudt ma con lam giam dang ké chét luong gao.
Nguyén nhan 1a do bénh lam ting cuong hd hap, giam cuong d6 quang hop, kéo
dai thoi gian trd dan dén ti 1é hat 1ép cao, gao dem xay dé bi dap nat [123]. Nam
1954, Nhat Ban c6 dién tich nhiém bénh 1én t&i 90.000 — 150.000 ha tréng lua,
thiét hai san lugng hang nam wdc tinh 22.000 — 110.000 tan. G An D9, san lugng

lua gao sut gidam do bénh bac 14 c6 nam 1én téi 60%. Tuwong tu, Philippine ciing bi

sut giam san luong lta gao udc tinh 22,5% trong nhitng ndm xdy ra bénh dich [37].

@‘:{w’m.

’Jﬂ,{ty

Hinh 1.5: Ban do phan bd bénh bac 14 lta trén thé giéi
Ghi chu: Vi tri phan b6 bénh bac ld lia thé hién bcing cham tron dé [41].

O Viét Nam, bénh bac 14 duoc phéat hién tir 1au trén cac giéng Iia mua cq,
tir cudi thang 3 tro di vao vu lia Mua (6 nhiét do tir 28°C dén 34°C) [26, 37], cac
tinh phia Bic mua 4m nhiéu rat thuan loi cho viéc phat trién cua vi khuan, bénh dé
lay lan va phat trién manh thanh dich. Dén nay, bénh bac 14 dé lan rong va gay hai
& tat ca cac dia phuong trong lta khip ca nude. Nang sudt lta giam nghiém trong
do bénh bac 14 xay ra ngay cang phd bién, tap trung nhidu & cac tinh phia Bic va

vung ddng bang séng Ciru Long.
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Hinh 1.6: Canh dong lia bi thi¢t hai béi BLB
Ghi chii: Hinh anh dwoc chup & Telangana, An dé © Yugander Arra (Anh trdi); Thdi
Binh, Viét Nam 20/5/2019 (Anh phdi).

Theo sb liéu théng ké ctia Cuc Bao vé Thuc vat, dién tich laa nhiém bénh
bac 14 ¢ nude ta ndam 2013 1a 72.343 ha; nam 2016, dién tich nhiém 1a 149.551 ha
(ting 129% so v&i ndm 2015), nhiém ning trén 19.045 ha (ting gan 10 lan so véi
nam 2015), mét tring 385 ha (tang 25 1an so v&i nam 2015). Nam 2018, tinh dén
13/9/2018, dién tich nhiém bénh bac 14 1a 24.542 ha, nhiém ndng trén 2.342 ha.
Trong d6, dién tich nhiém tap trung chu yéu & cac tinh phia Nam: 6.246 ha (nhiém
nang trén 637 ha), khu IV: 4.883,8 ha (nhiém nang trén 1.592 ha); ¢ khu vuc Phia
Bic, dién tich nhiéfm bénh 1a 3.412 ha (nhiém ning 113  ha)

(http://www.ppd.gov.vn/). O mién Bic Viét Nam, nhiéu gidng ltia chi luc ¢6 ning

suat va chét luong cao, duoc trong phd bién ¢ nhiéu dia phuong nhung san luong
bi anh hudéng rat 16n boi bénh bac 14. Nam 2017, hang chuc nghin ha lta ¢ Hai
Duong bi nhiém ning bénh bac 14, c¢6 vung thiét hai téi 60% nang sudt [24]

C6 thé thdy, mic du da dugc phat hién tir 1au, tuy nhién cho dén nay bénh
bac 14 van duoc xép 1a bénh giy hai nghiém trong nhit trong san xuét lta gao
khong chi ¢ Viét Nam ma con ¢ nhiéu noi trén khap thé gidi.

1.2.2 Vi khudn gdy bénh bac ld liia
1.2.2.1. Vi khudn Xanthomonas oryzae

Loai vi khuan gdy bénh bac 14 lua duoc xac dinh thudc gidi vi khuan
Bacteria, nganh Proteobacteria, 16p Gammaproteobacteria, by Xanthomonodales,

ho Xanthomonodaceae, chi Xanthomonas. Vi khuan nay trudc day c6 nhiéu tén goi
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khac nhau nhu: Xanthomonas campestris pv. oryzae, Xanthomonas oryzae,
Xanthomonas itoana, Xanthomonas kresek, Xanthomonas translucens f. sp. oryzae.
Niam 1990, Swings da théng nhat cach dat tén cho loai vi khuan gy bénh bac 14 &
lua 1a Xoo [132].

Xoo 1a vi khuan Gram 4m, c6 sic td vang va khong sinh bao tir. Té bao vi
khuan c6 dang hinh que v6i hai dau hoi tron, ¢6 16ng roi & mot dAu, kich thudc 0,4
—0,6 x 1,1 — 2,0 um, bao quanh té bao 1a mot mang nhay. Hinh thai khuan lac c6
thé dugc kiém tra trén moi trudng nhén tao (thuong sau 3 ngay nudi cdy). Khuan
lac ctia vi khuan nay c6 dang hinh tron, 16i, nhdy va bong, mau vang sap, hiéu khi.
Nhiét @6 thich hop cho vi khuan phat trién 1a 25 — 30°C, nhiét do tdi thiéu 1a 5°C
va toi da 1a 40°C. Xoo c6 thé séng trong khoang pH kha rong tir 5,7 — 8,5 nhung
thich hop nhat van 1 6,8 — 7,2 [49, 106].
1.2.2.2. Pa dang sinh hoc cdc noi vi khudn Xoo

Trong tu nhién ton tai rat nhiéu ching Xoo, cac chung méi ciing dé dang
xudt hién va doc luc ciia chung ciing thay d6i rat nhanh. Cau trac quan thé Xoo c6
thé bi anh hudng boi tac dong cia moi truong nhu nhitng bién d6i theo mua vu
hay bién doi do xuét hién gen khang mai trén laa [37]. Phan 1ap cac noi vi khuan
Xoo & Philippines dé phan loai kha ning khang bac 14 ciia nhiéu giéng ltia cho thiy
vi khuén bac 14 rt phong phu va da dang vé thanh phan noi [82]. Khi nghién ctru
da hinh bang RFLP (restriction fragment length polymorphism) va phan tich doc
lyc cia 308 chung Xoo Chau A bao gé)m Trung Quéc, An D9, Indonesia, Han
Quéc, Malaysia, Nepal va Philippines ciing di chimg to cac ching vi khuan Xoo
c6 mirc d da dang di truyén rat cao [26]. Trong nghién ctru d6, cac chiing Xoo thu
dugc dugc phan chia thanh ndm nhoém; ba trong s6 ndm nhom nam biét lap ¢ cac
qudc gia riéng r&, diéu nay chimg t6 c6 mdi twong quan di truyén giita phan b dia
1y va céc loai cu thé. Két qua nghién ciru nay cho thdy can co chién luoc tao gidng
lua khang bénh bac 14 mang cac gen khang Xoo dac trung riéng cua tirng khu vue,
hay tham chi cho timg qudc gia [26].

O Viét Nam, thoi ky dau méi nghién ciru vé bénh bac 14 laa, vi khuan gay
bénh dugc phan thanh 10 nhém noi theo vung dia ly, trong do 80,42% thudc 4
nhom noi phod bién & cac tinh dong bang Bac B, dong bang Nam Bo va rai rac &

cac vung trong ca nudc. Panh gia bude dau cho thay, cac noi vi khuan Xoo ¢ nudc
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ta dugc xem 1a phirc tap va da dang hon ¢ cac nudc, do phan 16n noi phat hién thay
0 Viét Nam ciing c6 mat ¢ Philippine va Indonesia [18]. Vi chién lugc chon tao
giéng lta khang bénh bac 14 & Mién Bic, Hoc vién Nong nghi¢p Viét Nam ban
dau da phan 1ap va xac dinh dugc 16 ching vi khuan Xoo gy bénh khac nhau [21].
Sau d6, tir 138 mau bénh bac 14 thu tir cac tinh Béc Giang, Ha N6i, Thai Binh, Hoa
Binh, Hai Duong, Thanh Ho4a, Nam Dinh... nhém nghién ctru cua Luu Van Quyét
da loc ra 16 “isolate” (ching phan lap, goi tit 1a “chung”) cing v6i 4 chung cua
Hoc vién Nong nghiép Ha Noi, dua vao két qua phan Gng cung khang hay cing
nhiém trén cac gidng lta chi thi di phan 20 chung nay thanh 3 nhém noi [17].

Gan day, trong cac nghién ctiru dugc tién hanh tai bd mén Bénh hoc Phan
tir, Vién Di truyén Nong nghiép, cho thiy phan 16n cac chung trong quan thé vi
khuan bac 14 thu thap trong cac ndm 2013-2017 ciing c6 kha ning bé gy tinh
khang cta gen Xa21 trong dong ding gen IRBB21. Nam 2022, Nguyén Thi Tho
va cs. két luan kha ning gay bénh trén bo gidng chi thi ctia cac mau vi khuan Xoo
thu thap tai ving dong bang song Hong bién dong rat 1on, va rat khac so véi bo
noi tiéu chuan cia IRRI. 56,2% cac isolate trong cac mau thu thap c6 kha ning
vugt qua cac dong don gen khang, c6 26,8% céc isolate vuot qua cac dong mang
2 gen khang, 17% céc isolate c6 kha ning vuot qua cac dong mang to hop 3 - 5
gen khang. Dua vao kha ning gy bénh trén 28 giéng chi thi, 47 isolate vi khuan
Xoo thu thap tir cac tinh thudc ving dong bang song Hong dugc chia lam 4 nhom
[20].

Diéu nay cho thiy, tinh bién dong cta quan thé vi khuan gay bénh bac 14
trong nudc, dic biét & cac tinh mién Bic van ludn tién trién khong ngimg, cong tac
chon tao gidng lta khang bénh bac 14 pho rong van ludn 1a mot thach thirc 16n cho
cac nha khoa hoc, cac nha chon tao giéng. Vi vay, viéc ung dung cac phuong phéap
hién dai nham nghién ctru chuyén sau, rat ngin thoi gian, ciing nhu chi phi dé tao
ra gidng mai 1a linh vuc nghién ctru ludn duoc quan tam.
1.2.2.3. Co ché phdn ti twong tdc giita vi khudn Xoo va té bao ld liia

DPoc luc cta nhiéu vi khuan gay bénh thyc vat tuong quan voi kha ndng san
xudt polysacaride ngoai bao (extracellular polysaccharide — EPS) ctia chung. Tam
quan trong cua EPS d&i véi kha ning gdy bénh ciia mot sd loai thudc

chi Xanthomonas di duoc chig minh & cc ching dot bién thiéu EPS nhu Xoo,
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Xce (X. campestris pv. campestris) va Xac (X. axonopodis pv. citri). EPS rit quan
trong trong viéc hinh thanh mang sinh hoc (biofilm) va tinh bén vitng biéu mé cua
Xoo. Sy ¢6 mit ciia EPS thiic ddy qua trinh xdm nhiém cta vi khuan vao mé thuc
vat va gitup bao vé vi khuan khoi cac diéu kién méi truong khac nghiét. EPS gop

phan 1am tic nghén hé mach, dan t6i hau qua lam héo va chay 14 lua [96].

(@) Chat tiét _—— Trinhtylip Bean
loai lll NLS
T GEATCTCCCCCTACTEGTACACCAL

T T 1
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(b)

Vi tri dich
(hdp UTP)

Hinh 1.7: M hinh céu triic va co ché hoat déng ciia TALE

Ghi chii: (a) TALE c6 viing dau N bdo thii nhdn biét chat tiét loai Il ciia vi khudn, trinh
tw nucleotide lap lai, déu hiéu vung nhan; vung dau C bdo thii 1a t6 chirc ddy dui dé hoat
hod sy phién ma. Hinh danh thé thién vung lap lai cia PthXol, gé‘m 23,5 doan lap lai lién
két véi DNA dich trong vimg promoter Os8N3 ciia lia , trong dé & vi tri acid amin thir
14 la doan trinh tw HD (mau do) la diém nhdn biét cytozyn ciia gen dich; (b) TALE dwoc
dich ma trong nhan té bao thue vat va lién két véi vi tri dich (dwoc xem la diéu hoa UP
boi TAL hodc hép UTP hodc EBE (Effector Binding Elements — Yéu 6 lién két tac nhén)
nam ¢ dau 5° viimg promoter cia gen dwegc hoat hod (gen S la gen gdy nhiém bénh,
susceptibility; gen R la gen khdng bénh, resistance). Viing két thiic C ciia TALE hoat hod
gen S hay gen R théng qua cé ché phién ma. Thuc vit cé thé chong lai sw nhiém bénh
théng qua it nhdt 3 co ché: EBE dot bién lam giam di lwc lién két véi DNA; cdc nhdn té
phién ma ddt bién gady irc ché sw lién két protein-protein véi ving hoat hod axit TALE;
hodc bang cach ghép trinh tw ciia hép UTP (EBE) véi viing promoter ciia gen khdng do
dé dan d@én kiéu hinh hiéu khi trén sy ldy nhiém [30].



24

Trong s cac hé thong EPS (bao gdm cum gen tong hop lipopolysacaride —
LPS, cac hé thong tiét loai I — VI...), hé thong tiét loai I1I (type III secretion system
-T3SS) dong vai trd rat quan trong ddi v6i kha ning gy bénh cua Xoo. T3SS la
tap hop cua cac protein cu trac duoc ma hoa boi sy phan tng nhay cam va gen
gy bénh (hrp). T3SS c6 vai tro thuc ddy qué trinh bai tiét ciing nhu van chuyén
polysacaride ngoai bao vao thang ving nhan ciia té bao vat chii. Pong thoi T3SS
cling san xuat ra cac TALE (Transcription activators-like effector — tam dich: tac
nhan hoat hoa qué trinh phién ma, goi tat 1a protein TAL), van chuyén vio nhan té
bao chu, bam dédc hi€u vao trinh tu phia trude gen dich va tang cuong biéu hién
gen dich nham thu duoc loi ich t6i da cho vi khuén [35]. Protein TAL cé cdu trac
dic biét gom hai dau N va C bao tha va mot ving lap lai; mdi ving trinh tu lap
gom tir 33 — 35 amino acid, trong d6 c6 hai vi tri siéu bién doi (repeat variable
residue — RVD) nam & amino acid thir 12 va 13. Cac protein TAL chi khac nhau &
cac RVD; day la cac vi tri twong tac dac hiéu vo1 DNA, vi du: NI lién két véi
adenin (A), HD lién két v6i cytozin (C), NG lién két véi thiamin (T), NN lién két
v6i guanin hodc adenin (G hodc A) va NS lién két v6i N (A, C, G hoic T) [35].
Chinh sy khac nhau nay s& quyét dinh trinh tu dic hiéu ma protein TAL c6 thé lién
két, do d6 quyét dinh gen dich ma protein TAL c6 kha ning diéu khién theo huéng
ho trg sy sinh trudng cia vi khuén, tuong tac hodc e ché hé théng mién dich cua
té bao vat chu (Hinh 1.7) [47, 70, 140].

Cho dén nay, hon 50 ho T3SS da dugc xac dinh, trong dé bao gém cac
protein twong tu yéu t6 hoat hoa phién mi (transcription activator—like — TAL).
Protein TAL duoc van chuyén vao nhan té bao chu, bam dic hiéu vao vung khai
dong (promoter) dé hoat hoa biéu hién cua gen dich nham thu duoc loi ich t6i da
cho qu4 trinh sinh trudng cia vi khuan. Yéu té diéu hoa cis trén promoter ciia gen
dich lién két dac hiéu véi protein TAL dugc goi la EBE (effector—binding element)
[35]. Céc gen dich cuia protein TAL bao gdm cac gen van chuyén dudng thudc ho
OsSWEET, gen van chuyén sulfate [43, 58, 127, 128]. Céac gen dich nay duoc goi
1a cac gen “nhiém” (susceptibility gene — gen ), cac protein TAL dugc goi 1a

“effector doc” do1 voi gen “nhiém” do.
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Tuy nhién, trong tuy nhién, thuc vat da lgi dung mbi tuong tac gitra “effector
doc” v6i gen “nhiém” dé hinh thanh tinh khang ty nhién véi timg chiing Xoo thich
hop. Mot sb giéng laa d3 xuét hién trinh ty nhan biét dic hiéu (EBE) cua protein
TAL trén promoter ctia cac gen doc cho Xoo nhu Xal0, Xa23... Khi xAm nhiém
vao té bao vat cha, néu cac vi khuin Xoo tiét ra protein TAL tuong thich (nhan
biét EBE phu hop) véi cac gen doc, s& dan t6i sy ting cudng biéu hién ciia ¢4 gen
doc va giy chét t& bao vi khuan thong qua phan tng dap Ung qua man
(hypersensitive responses — HR). Két qua ctia qua trinh nay 1 vi khuan s& khong
thé tiép tuc nhan 1én trong mé 1a mic du da xam nhiém cay chi thanh cong. O mot
khia canh khac, mot sb giéng laa xuét hién cac dot bién trong trinh ty EBE dich
cua protein TAL trén viing promoter cac gen “nhiém” twong tmg. Khi d6, mic du
vi khuén c6 thé xAm nhiém, tiét “effector ddc” vao nhan té bao cay chu nhung cac
protein nay khong thé bam vao promoter, do d6 khong thé ting cudng biéu hién
céc gen “nhiém”; dan téi vi khuan khong thé tiép tuc phat trién trong mo 14, vét
bénh khong phat trién va cdy co kha ning khang véi chung vi khuan dé [71].

Vai tro cua protein TAL trong viéc thuc déy triéu chirng bénh da dugc phat
hién trong qua trinh nghién ctru mdi twong tac gita vi khuan Xoo va cac giéng lua,
tuy nhién co ché lién quan dén kha ning bam dic hiéu cua protein TAL modi chi
duoc biét dén gan day. Thuc chat, trong qua trinh twong tic mam bénh-cay chu,
tinh khang lién quan t6i gen R di truyén theo co ché gen troi; trong khi tinh khang
lién quan t6i gen S di truyén theo co ché gen lan. Sy twong tac dic hiéu giira gen
R (gen cdy chi) va san phdm cta gen Avr (Avirulence) (gen cia mam bénh) twong
g véi gen R tao nén hang rao phong vé chéng lai mam bénh [109]. Dbi véi vi
khuan Xoo gdy bénh bac 1a ltia, nhom gen Avr dugc xem 1a ¢o vai tro quyét dinh
su dic hiéu giira ky sinh va ky chii. Cho dén nay, 45 gen c6 lién quan dén tinh
khéng bénh bac 14 Iua da dugc phat hi¢n, trong s6 d6 c6 18 gen 1dn va 9 gen da
duoc nhan dong [77]. Cac gen nay duoc dit tén véi tién t6 ‘Xa’ kém theo s thir
tu; trong do, chit “X viét hoa thé hién tinh khang di truyén theo quy luat di truyén
gen trQi; nguoc lai, 18 gen 1an dugc biéu thi bﬁng chir ‘x’ thuong. Gen khang bac

14 dugc phan chia thanh 4 nhém dua trén céc protein ma héa cila chiing, bao gom:
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gen ma hoa thy thé kinase (RLK) (Xa21, Xa3/Xa26 va Xa4); gen ma hoa protein
van chuyén duong (Sugar will eventually be exported transporter - SWEET)
(xal3, xa25 va xa4l); gen chuc nang (E) (Xal0, Xa23 va Xa27) va cac gen khac
(Xal va xal) [67].
1.2.3 Gen OsSWEETI14 va méi lién hé véi vi khuin Xoo gdy bénh bac ld liia
1.2.3.1. Gen nhiém thuéc ho OsSWEET lién quan dén bénh bac ld lWa

Ho gen SWEET bao gdm cac gen mi héa cho cac protein mang tham gia
vao qua trinh van chuyén dudng cua té bao. Pay 13 ho gen dd dugc phat hién co
vai trd chinh trong qu4 trinh sinh truéng va phat trién & trén 30 loai thuc vat [48,
127]. Ho protein SWEET 1a mot ho khéng ddng nhét, cho dén nay, cic nha khoa
hoc da xac dinh dugc 22 gen SWEET trong hé gen laa, dugc chia thanh 4 nhom
(Hinh 1.8), dong vai tro thiét yéu trong dinh dudng hat phin, lam diy hat, su gia

hoa va sy twong tac giita mam bénh va ciy chu ky sinh [47, 127].
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Hinh 1.8: Quan hé phat sinh chiing loai hg protein OsSWEET [127]

Két qua nghién ctru ciia nhom tac gia Chen et al. (2010) da cho thay chi c6

5 trong s6 22 gen SWEET c6 lién quan va 1a dich tin cong cua vi khuan Xoo dé
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hoat hoa van chuyén duong tich lily & ngoai mang sinh chat, cung cip dinh dudng
cho Xoo sinh truong va phat trién, bao gém OsSWEETII(Os8N3/Xal3),
OsSWEETI2, OsSSWEETI3 (Xa25), OsSWEETI14 va OsSWEETIS5. Pay dugc xac
dinh 13 nhitg gen “nhiém” chinh ¢ cc gidng laa min cam véi Xoo.

Dbi voi cac gen SWEET 1a cac gen nhidm, cac TALE cua Xoo lién két véi
ving promoter ctia gen SWEET & cdy chi va hoat hoa biéu hién gen. Phat hién nay
d3 md ra mot hudng di hoan toan méi trong nghién ctru tao gidng lua khang bénh
bac 14 bang cong nghé DNA tai t6 hop. Nhom nghién ctru ciia Zeng et al. (2015)
d4 dua cac trinh tu DNA nhan biét boi protein TAL doc ctia mot s6 ching vi khuan
Xoo chau A vao promoter nhan tao trén gen doc Xal0 dé tao ra gidng laa chuyén
gen khang bac 14 pho rong [154]. Nhom nghién ctru khéc ciing da xac dinh duoc
mot nhom cac gen "nhiém" quan trong thudc ho SWEET cua lta dua trén nhiing
hiéu biét vé hiéu biét vé protein TAL [127]. Ttr ndm 2010 dén nam 2013, nhiéu
protein TAL cua Xoo hoat hoa gen SWEET gay bénh bac 14 lha da dugc xac dinh,
nhu PthXol cua chung PX0994 hoat hoa gen OsSWEETI1 (Os8N3, Xal3) [47,
133]; ArtTAL12 hoat héa gen OsSWEETI2; PthXo2, PthXo02.1, PthXo02.2 [127,
159] hoat hoa gen OsSWEETI3 (Xa25) [159]; PthXo3, AvrXa7, TalC, TalF hoat
héa gen OsSWEETI4 (OslIN3, Xa4l) [127,133]; ArtTALIS5 hoat hoa gen
OsSWEETI5 [133].

Gen khéng xal3, xa25, xa4l(t) cd ban chat 1a gen OsSWEETII,
OsSWEETI13 va OsSWEETI4 mang d6t bién trén ving EBE & nhiéu gidng lta, da
duogc xac dinh 1a c6 kha ning khang lai su tin cong cia nhidu ching Xoo khéac
nhau [61, 144]. Nghién ctru sdu hon cho thay, xal3/OsSWEETI1 va gen mi hoa
protein van chuyén dong COPTI va COPTS tham gia vao qua trinh phan phdi dong
trong té bao; protein TAL do vi khuén tiét ra loi dung xal3 dé loai bo déng (mot
chét c6 hoat tinh khéng khuém) khdéi mach xylem, tir d6 tao diéu kién cho sy nhan
1én ctia mam bénh va lay lan nhanh chéng [150].

Tuong ty, xa25/0sSWEETI 3 da dugc nghién ciru & cac gidng lta japonica
nhu Nipponbare va Kitaake. Cac cong bd moi day cho thdy OsSWEETI3 1a gen
“nhiém” quan trong, bi tn cong truc tiép boi protein TAL PthXo2. Hai bién thé
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khac ctia PthXo2 c6 kha nang lién két voi cac trinh tw EBE khac nhau trong
promoter cia OsSWEET 13 va hoat hoa sy biéu hién cta gen nay [144]. Nhom
nghién ciru ciia Zeng (2015) dd dwa cac trinh tur DNA nhan biét bai protein TAL
doc caa mot sd chung vi khuén Xoo chau A vao promoter nhan tao trén gen doc
Xal0 dé tao ra gidng lua chuyén gen khang bac 14 phd rong [154]. Nhém nghién
ctru khac cling da xac dinh dugc mot nhom céc gen “nhiém” quan trong thudc ho
SWEET cta laa dua trén nhiing hiéu biét vé protein TAL [127].

1.2.3.2. Gen OsSWEETI14 va cac EBE trén viing promoter

Gen OsSWEETI4 (Os11N3 hay xa41) nam trén NST s6 11 trong hé gen lta,
¢6 chiéu dai 303 A°, ma hoa protein c6 khdi lugng phan tir 32.701 Da, da dugc xac
dinh 1a dich tac dong ctia 4 protein TAL TalC, PthXo3, AvrXa7, TalF/Tal5 va hoat
dong nhu mot gen “nhiém” quan trong d6i voi Xoo [34, 107]. Nam 2015, gen
khang xa41(t) da dugc phat hién thong qua viéc giai trinh tu ving promoter cua
mot tap doan gdom 169 giéng lta chau Phi [61]. Gen khang xa41(?) xuat hién ca
trén giéng lta hoang va gidng lua san xudt & chau Phi va ¢ tinh khang rong véi
ca chung vi khuan bac 14 chau Phi va chau A. Ban chit cta gen khang xa41(1) 1a
su xuat hién mot dot bién trén ving promoter OsSWEETI4 trén giéng lta O.
glaberrima va mot sb gidng O. barthii & Chau Phi [61, 67]. Alen OsSWEETI4 trén
céc gidng lta khang Xoo bi mat doan 18 bp ¢ vi tri thir 8 tir hop TATA, dan téi ngan
can AvrXa7 va Tal5 hoat hoa su biéu hién cta OsSWEETIA4. Trong khi xal3 va
xa25 chi c6 kha nang khang dac hiéu voi mot $6 chung vi khuén, xa41 (1) c6 tinh
khang rong voi ca ching vi khuan bac 14 chau Phi va chau A (> 50% s6 ching thu
thap tir nim 1965 dén nam 2013). Vi vay, OsSWEETI4 1a gen duoc quan tdm hon
cd so vo1 4 gen con lai trong ho gen OsSWEET nhém 111 khi nghién ctru chon tao
giéng bac 14 lua dya trén gen S, dac bi€t thich hop 1a gen dich dugc lya chon trong
céc nghién ctru chinh sira gen nham chon dong lua khang bénh bac 14.

Trinh tu gen OsSWEETI4 1a mot vi du dién hinh cua qué trinh tién hoa hoi
tu. Gen nay 1a muc tiéu tin cong ctia nhiéu protein TAL tir cac chung Xoo khéac
nhau vé mit phat sinh loai: AvrXa7 tir chung PXO86 (Philippines), PthXo3 tir
ching PXO61 (Philippines), Tal5/TalF tir chung MAL1 (Mali) va TalC tir ching
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BAI3 (Burkina Faso). Dic biét, cac EBE 13 muc tiéu cua 4 protein TAL ndy nim
chdng chéo hodc kha gan nhau (Hinh 1.9) [61]. Hon nita, TalC hoat héa
OsSWEETI4 nho kha ning lién két v6i trinh tuy DNA nam nguoc chiéu voi cac
EBE AvrXa7, PthXo3 va Tal5/TalF [61]. Viéc ung dung cong nghé chinh sira gen
gy dot bién & trinh tu cua cac EBE nay nhim pha v& kha ning lién két cua cac
protein TAL ctia vi khuan Xoo v&i OsSWEETI 4 1a mot huéng nghién ctru dugc rat
nhiéu phong thi nghiém trén thé giéi quan tim nhim tao ra giéng laa khang bénh

bac 14 bang cong nghé gen.

Tal5

Hinh 1.9 Cac EBE trén promoter OsSWEETI14

Ghi chi: Trinh ty cta cac EBE hoi tu trén ving promoter OsSSWEET14 bao gdm
AvrXa7 - ATAAACCCCCTCCAACCAGGTGCTAA [31],
PthXo3 - ATATAAACCCCCTCCAACCAGGTGCTAAG [31],
Tal5/TalF - TAAGCTCATCAAGCCTTCA [127],
TalC - CATGCATGTCAGCAGCTGGTCAT [150].

Hon nira, két qua nghién ctru cia Blanvilain ef al. (2017) di chimg minh
rang gy dot bién EBE AvrXa7 va Tal5 du chi 13 indel ciing c¢6 kha ning khang
phé rong ddi véi cac chung vi khudn Xoo. Dic biét, 3ot bién mat 2 bp & dau 5’ cua
EBE Tul5 ciing du dé nang cao tinh khang bénh bac 14. Trong khi d6, gay dot bién
& EBE TalC, du c6 1am thay doi sy biéu hién ctia gen OsSWEET14 nhung cic dong
laa dot bién nay chi c6 kha ning khang nhe véi cac ching khuin mang protein
TalC va hoan toan khong khang cc ching vi khudn mang cac protein TAL khac

khi dugc 14y nhiém nhén tao trong cing diéu kién nhu nhau [34]. Nhu vy, co thé
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thiy AvrXa7 va Tal5 1a nhitng EBE chinh trén gen nhiém OsSWEETI4, dong vai
trd quan trong ddi véi tinh man cam cua ciy lta véi bénh bac 14 [34, 61].
1.3 Tinh hinh nghién ctru tao gidng lia khang bénh bac 14

Dé tao gidng lua khang bac 14, c6 rat nhiéu phuong phap di duoc ap dung:
phuong phap lai truyén thong, phuong phap chuyén gen khang, tao cac dong déng
gen (Near-isogenic lines — NILs) c6 mang gen khang sau d6 lai quy tu nhiéu gen
khéng hodc nhiéu QTL cac nhiéu ngué)n bd me vao mot giéng, lai tré lai va ap
dung chi thi phan tir (Marker assisted selection - MAS). Trudc day, cac phuong
phap chon tao giéng lta khang bac 14 chu yéu dya trén gen khang vbn c6 trong tir
nhién. Gan day, voi nhimg phat hién vé tuong tac phan tir giita protein TAL cuta vi
khuan Xoo va gen ciy chu, nhidu nghién ctru di Gmg dung cac cong nghé chuyén
gen hay chinh sira gen dé cai tién tinh khang bac 14 cho cay lua.
1.3.1 Nghién civu chon tao giong lita khdng bénh bac ld dwa trén gen khdng tw

nhién

Xa?2l 1a gen khang dau tién dugc phat hién trong ty nhién. Pay 1a mot ho
da gen, dinh vi trén NST s6 11, c6 7 gen thanh vién dugc dat tén 1an luot 1a A1,
A2, B, C, D, E va F. Céac gen nay da dugc tach dong va phan thanh 2 nhém dua
trén trinh ty DNA tuong dong [61, 131]. Cho dén nay, da c6 it nhit 45 gen khang
bénh bac 14 lua (Xa/xa — gen khang trdi/gen khang lin) di dugc cong bd trén toan
thé gidi [72]. Vi tri ciia cac gen khang van dang duoc tiép tuc nghién ciru [61, 131].
Céac gen khang bénh bac 14 biéu hién kha ning khang bénh khong gidng nhau &
cac khu vuc khac nhau trén thé gidi. Phan 16n cac giéng lua khang hién nay c¢6 phd
khéng hep. Vi du, Xa4 khang hi¢u qua véi cac chung Xoo ¢ Philippines, Trung
Qudc, Indonesia, nhung lai khéng cé kha ning khang véi cac ching Xoo & Viét
Nam va An D9; xa5, Xa7, Xa2l c6 khang ning khang t6t v6i nhiéu ching Xoo
khac nhau trén thé giéi. Vi vdy, cac gen ndy duoc st dung rong rii trong céac
chuong trinh chon giéng ciia nhiéu qudc gia trén thé gidi.

Tuy nhién, viéc phat trién cac gidng lia khang mang don gen khéng sau
mot thoi gian d3 t6 ra khong hiéu qua do vi khuan da bién chung va di c6 thé pha

v tinh khang bénh cua cdy. Vi viy, viéc chuyén t6 hop cac gen khang duge cho
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1a giai phap hiéu qua dé lam cham sy xuét hién cac ching vi khuan Xoo cé kha
nang gdy bénh trén cac dong lta mang gen khang. Hudng nghién ctru tich hgp
nhiéu gen khang c6 kha ning tao ra tinh khang phé rong va 6n dinh cho cay lua
[33]. Vi vy, nhiéu dong laa dang gen tich hop da gen khang (pyramiding line) da
dugc tao ra dé phuc vu cong tac lai tao giéng khang bénh, bao gdm cac dong mang
2 gen khang nhu IRBB50 (Xa4-xa5), IRBB51 (Xa4-xal3), IRBB52 (Xa4-Xa2l),
IRBB54 (xa5-Xa2l) va IRBB55 (xal3-Xa2l); caic dong mang 3 gen khang nhu
IRBB56 (Xa4-xa5-xal3), IRBB57 (Xa4-xa5-Xa2l), IRBB59 (Xa4-xal3-Xa2l),
IRBB61 (Xa4-xa5-Xa7) va IRBB62 (Xa4-Xa7-Xa2l), dong mang 5 gen khang nhu
IRBB66 (Xa4 -xa5-Xa7-xal3-Xa2l) [131]. St dung cac dong lua dang gen nay,
thong qua viéc két hop gitra lai tao va chon loc dong bang chi thi phan tir, nhiéu t6
hop gen khang hiru hiéu di duoc tich hop vao giéng chu luc cta nhidu qudc gia,
vi du nhu dong NH56 mang 4 gen Xa4-xa5-Xa7-Xa2l (An Do), gidng lua
Minghui63 mang 2 gen Xa7-Xa21 (Trung Qudc) [116, 145]. Tuy nhién, phuong
phap chon gidng dua trén gen khang t6n kha nhiéu thoi gian va phai thyc hién trén
mot quan thé phén ly 16n, doi hoi can bd nghién ctru phai c6 kinh nghiém dé thuc
hién lai tro lai va chon loc dong gan giéng nhat véi gidng gbc.

O Viét Nam, nghién ctru ing dung cac k§ thuat phan tr nhu ky thuat chuyén
gen, 1ap ban do gen, k¥ thuat chon giéng két hop véi chi thi phan tir MAS ciing d
dugc trién khai nghién cuu va thuc sy phat trién, duoc ap dung rong rai tai cac co
s nghién ctru nhu Hoc vién Nong nghi¢p Viét Nam, Vién Cong ngh¢ Sinh hoc,
Vién Lua Pong bang song Ciru Long, dic biét 1a & Vién Di truyén Nong nghiép
[10]. Bang cong nghé chi thi phan tir, cho téi nay, mot s6 dong/giéng laa mang cac
gen khang Xa4, xa5, Xa7 va Xa2l da dugc tao ra va dugc danh gia c6 kha nang
khang kha t6t v&i mot sb noi vi khuan bac 1a cia Viét Nam. Day 1a nhiing gen
khang lam tién dé cho cong tac chon tao gidng lua khang bénh bac 14 & mién Béc
Viét Nam [11,22]. Gen xa5 va xal3 da xac dinh dugc c6 kha ning tao tinh khang
pho rong cho cac gidng lta & Pong bang séng Ciru Long. Cac dong lua dang gen
IRBBS (xa5), IRBB7 (Xa7) va IRBB21 (Xa2l) cling da dugc cac nha khoa hoc

cua Hoc vién Nong nghiép Viét Nam xac dinh khang hiéu qua vai da so6 cac chung
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vi khudn Xoo gy bénh bac 14 & mién Béc. Mot s6 cac gidng lta khang bac 14 duoc
chon tao dya trén gen khang da duoc tréng thir nghiém trén mot ) vung sinh thai
khac nhau, nhu cac gidng laa DT45, DT57, DL6, DLS8, N46... [17, 22]. Dbi véi
gidng ltia Bic thom 7, cac nha khoa hoc ciing di tao duoc mot sé dong mang hop
gen khang Xa21 hay Xa7 tir tb hop lai Bic thom s6 7 véi dong lua dang gen mang
gen khang [21].

1.3.2 Nghién ciru chon tao giong lia khding bac ld dwa trén djt bién gen

“nhiém”

Gan day, voi sy ra doi va phat trién manh mé cta céng nghé chinh stra hé
gen, cac nha khoa hoc da co thé can thiép va bién d6i trinh ty bam cua céac protein
TAL (do Xoo tiét ra) trén ving promoter clia cac gen “nhiém” & Iua, tir d6 ngan
can qua trinh xdm nhiém va phat trién ctia Xoo trong té bao lua, din t6i ting cuong
tinh khang bénh bac 1a cho cay lta. Nhém nghién ctru & Dai hoc Corell (My) da
mg dung cong nghé TALEN dé chinh sira promoter OsSWEETI4 cla giong lua
Kitake (man cam véi ching vi khuan Xoo chau A). Tét cac cdy dot bién thu duoc
déu c6 hinh thai twong tu nhu cay khong chuyén gen, chimg to chirc ning cua gen
OsSWEETI4 khong bi bién d6i trong diéu kién sinh trudong binh thuong. Két qua
danh gi4 tinh khang cho thay cdy lua Kitakee chinh sira gen T2 c6 kiéu gen dot bién
mat 4 - 15 Nu c6 kha niang khang véi cac chung vi khuan tan cong EBE AvrXa7
va PthXo3, va khong khang véi ching vi khuan tin cong EBE PthXol [88]. Bang
phuong phap tuong tu, nhom nghién ctu cia Blanvillain-Baufumé (2017) cling
da tao thanh cong dong lua chinh stra promoter OsSWEET4 c6 kha nang khéng
ca hai nhém vi khuan Xoo chau A va chau Phi [34]. Nhom nghién ctru di tao thu
vién alen dot bién cua promoter OsSWEETI4 thong qua viéc sit dung céc
dTALEN. Két qua danh gia trén cac dong laa dot bién khac nhau cho thiy cay laa
chinh sua TalF/AvrXa7 nhung khong chinh stra TalC c6 tinh khang cac chung vi
khuan Xoo duoc nghién ciru. Tuy nhién, dong dot bién EBE TalC lai khong khang
bénh bac 14; diéu nay chimg t6 TalC c6 thé ¢ cac gen dich bo sung khac trong hé
gen. Cac nghién ciru ndy cho thiy rang thuc vit man cam véi bénh thong qua cac

tuong tac voi protein TAL va co thé chi véi mot gen don [34].
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Biang cong nghé CRISPR/Cas9, nim 2019, hai nghién ctru chinh sita EBE
trén gen nhiém nham tao gidng lta khang bac 14 ciing di duoc cong bd [107, 144].
Thi nghiém chuyén gen duogc tién hanh trén 3 giéng lta Kitaake (japonica) IR64
va Ciherang-Sub1 (indica) bang ca phuong phap chuyén gen sir dung IE va phoi
truong thanh [57, 124]. Nhom tac gia da tap trung chinh stra 2 gen OsSWEETI 1
va OsSWEETI4 cua gidng lua Kitaake (c6 vong doi nganva chira alen R cta gen
OsSWEETI3/xa25); két qua da tao dugc dong MS14K mang dot bién & cac vi tri
mong mudn. Khi 1ay nhiém MS14K véi Xoo, két qua cho thdy MS14K c6 kha ning
khang 121/131 ching va man cam véi 10/131 ching (duoc dy doan c6 thé mang
cac TALE hoat hoa gen S khac ngoai OsSWEETI1 va OsSWEETI4). Sau do,
MS14K duoc tiép tuc sir dung lam vat liéu cho nghién ctru chinh stta OsSWEETI 3.
Két qua sang loc dd thu duoc cac dong lua chinh sira ca 3 gen OsSWEETI I,
OsSWEETI3 va OsSWEETI4 va khang bac 14 pho rong véi tat ca cac chiing Xoo
nghién ctru.

Basmati 12 gidng laa thom ngon, hat dai (indica) ndi tiéng thé gidi, dac biét
& khu vuc Chau A. Pé tao dong lha Basmati khang bénh bac 14, cong ngh¢
CRISPR/Cas9 di duoc ap dung dé chinh sira 4 EBE trén OsSWEETI4 [151]. Hé
thdng vector biéu hién ba gRNA (chinh sira PthXo3, AvrXa7, TalC va Tal5/TalF)
duoc bién nap vao té bao lta bang phuong phap bin gen. Két qua nghién ctu da
thu dugc 2 dong lia chinh sua PthXo3/AvrXa7 (SB-E1 va SB-E2); 1 dong lta (SB-
E4) dot bién mét doan trén Tal5/TalF. Dong SB-E1 thé hién tinh khang véi mot
chiing Xoo Pakistan (ti 1¢ dién tich 14 nhiém bénh dat 10,12%) va khong c6 su khac
biét dang ké vé cac chi tiéu ddnh gia vé sinh truong va phat trién so véi cay ddi
ching [151].

Ngoai cac nghién ciru chinh stra promoter SWEETI4 & mot s6 giéng laa,
mot sb nghién cuu bt hoat hoan toan gen “nhiém” cling da duoc thyc hién, vi du
nhu nghién ciru tao d6t bién dich khung trén ving Exon ciia SWEETI4 & gidng lua
Zhonghual 1 bang cong nghé CRISPR/Cas9. Dong lia CR-S14 mang dot bién bat

hoat OsSWEETI4 c6 chiéu cao ting cao hon so voi ddi chimg nhung khong lam



34

gidm nang suat va da dugc chung minh c6 kha nang khang hoan toan véi chung

Xoo AX01947 (Chau Phi) va chiing PXO86 (Chau A) [141].

O Viét Nam, chua c6 nghién ctru chon tao gidng lua khang bac 1a dya trén
protein TAL hay gen S nao dugc thuyc hién. Luan an nay duogc coi l1a ndi dung
nghién ctru du tién ¢ Viét Nam vé chon tao giéng lua khang bac 14 dua trén tuong
tac protein TAL-gen “nhiém”, thudc Dé tai cip Qudc gia: Nghién ctru ing dung
cong nghé chinh sira hé gen dé cai tao tinh trang mui thom va khang bac 14 trén

mot s6 gidng laa chii lyc cua Viét Nam (2017-2020).

1.4 Gidng lia BT7 va cac nghién ctru cai tién giong laa BT7

1.4.1 Gidi thi¢u chung vé giéng liia BT7

Giéng laa BT7 la giéng laa thuan nhép ngi tir Trung Quéc, duoc chon loc
va 1am thuan boi Cong ty c6 phan Tap doan ThaiBinh, duoc cong nhan 13 gidng
dugc phép san xuat kinh doanh theo Quyét dinh s6 74/2004/QD-BNN ngay
16/12/2004. Pay 1a gidng lua thudc nhoém gidng lta ngan ngay loai phu indica, v6i
thoi gian sinh truong 125-130 ngay vu Xuan va 105-110 ngay vu mua. Chiéu cao
cay trung binh dat 100 - 105 cm, v6i 4-5 nhanh/cdy, ning suit trung binh tir 50 —
55 ta/ha. Hat thoc thon nhd, mau vang sam, trong lugng 1000 hat tir 18,5 — 19,5
gram. Ham luong amylose trong hat gao BT7 dao dong tir 13-19%; chat luong gao

ngon, hat gao trong, com mém, thom.

Khi ning suét lta hau nhu dat ngudng thi viéc chuyén ddi co ciu giéng lua
dé vira ¢am bao an ninh luong thuc, vira dam bao dinh hudng san xuat hang hoa
gia tri hudéng téi xuét khau da tro thanh muc tiéu nhiém vu hét st quan trong.
Chon lya, st dung céc giéng laa chat lugng cao dang duogc coi 1a xu thé tat yéu
trong san xuat lua gao, bai vay dién tich trong cac lta chat lugng cao ndi chung va
gidng laa BT7 néi riéng ngay mot gia ting. O mot sé dia phuong phia Bic, dién
tich gieo cay BT7 1én téi > 50% tong dién tich trong la, dic biét 1a & Nam Dinh
(dia phuong c6 truyén thong san xuat lta chit lugng cao). Theo s lidu ciia Cuc
théng ké, tinh Nam Dinh c6 dién tich gieo tréng laa Béc thom 7 14 45.250,5 ha,
chiém 63,03% dién tich nim 2021.
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1.4.2 Bénh bac ld trén giong liia BT7

Mic du 1a gidng lta chat luong cao, dugc ngudi tiéu dung wa chudng va
mang lai loi nhudn cao cho nguoi ndéng dan ¢ nhitng nam dugc mua. Song nhirng
nam gﬁn day, dién tich tréng BT7 bi thiét hai ndng né boi bénh bac 14. Dé giam bot
nhitng thiét hai, UBND mot sb tinh gieo trong dién tich 16n gidng laa BT7 da
khuyén céo han ché dién tich san xuat ddi voi gidng lua BT7, chi cho san xuét &
ving c6 trinh d§ thim canh cao va ap dung dong bod cac bién phap canh tic tong
hop dé han ché thiét hai do bénh bac 14 gay ra (UBND tinh Thai Binh, 2016).

Nghién ctru ctia Nguyén Huy Manh va cs. (2009) da ching minh bénh bac
1a tAn cong chu yéu & cac tinh mién Bic; trong s6 59 isolate vi khuan Xoo thu thap
duoc, c6 dén 17 isolate duoc phén 1ap tir giéng 1aa BT7 (chiém 28,81%). Nhém
tac gia cling dd ghi nhan cac gidng lua thuan c6 ngudn goc Trung Qudc d& bi nhiém
bénh bac 14 [9]. Két qua danh gia chat luong giéng lua trong vu Xuén tai canh dong
Muong Thanh, huyén Dién Bién da cho thdy giéng lta BT7 ciing bi nhiém bénh
bac 14 diém 3 va diém 5 trén thang diém 9 trong 2 ndm 2011 va nim 2012 [10] va
diém 7 & cac tinh dong bang song Hong [7]. Bén canh cac thong tin bénh tu nhiém
trong san xuét thyc tién, giéng lua BT7 ciing da duoc khang dinh 12 dé man cam
v6i cac chung vi khudn Xoo thong qua céc thi nghiém iy nhiém nhén tao. Két qua
nghién ctru & vu mua nam 2011 cho thiy cdy lta BT7 dat diém nhiém bénh 5 - 7
v&i cac ching Xoo 996. HAU.10147, 14981. HAU 10146 va 1035 HAU 10153 [8];
va dat mirc diém 9 khi 1ay nhiém bénh nhan tao vé6i cac ching vi khuan Xoo khéac
[7, 19].
1.4.3 Nghién civu cdi tién di truyén giong liva BT7

Vi nhitng vu diém vuot troi vé mat chat luong va ning suét, gidng lta BT7
da tré thanh giéng la chu luc cua céc tinh phia Bic va la ddi tuong duoc dac biét
quan tm trong cac chuong trinh nghién ctru chon tao giéng. Nam 2019, Chu Bic
Ha va cs di tich hop thanh cong 2 locus gen Subl va Saltol nhim cai thién kha
nang chiu ngap va min cua gidng lta BT7. Bang chi thi phan tir két hop véi lai tro
lai (MABC), nhém nghién ctru di quy tu thanh cong locus gen Sub! tir giéng lta
IR64-Subl vao BT7 va da chon duogc 10 ca thé c6 kha nang chiu ngap giai doan
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ma trong diéu kién nhan tao & trang thai ddng hop tir va c6 nén di truyén giong véi
BT7 nhét. Song song véi do, cling bang phuong phap MABC, c4 thé mang locus
gen Saltol c6 kha ning chiu min & trang thai dong hop tir nén di truyén BT7 da
duoc chon loc tir quﬁn thé BCsFa. Két qua lai tao va tu thu cac ca thé mang gen
Subl va Saltol da xac dinh dugc F3.3 va F3.6 mang ca locus gen Subl va Saltol
ddng hop tir, nén di truyén giéng voi BT7 va c6 kha ning chiu ngap va chiu man
[3].

Dbi voi bénh bac, mot vai nghién ciru gan dy di ¢ gang tich hop cac gen
khang vao BT7 nhim nang cao gi4 tri thuong mai cho giéng lua nay. Ung dung
chi thi phan ti lién két véi gen khang xa5, qua 5 thé heé lai trd lai va chon loc cac
dong ty thu, nhom nghién ctru ctia Pham Thién Thanh da chon dugc dong lua trién
vong BT7KBL-02 & thé hé BCsFs mang gen khang [19]. Ciing voi phwong phap
tuong ty, gidng laa BT7 dugc tién hanh lai véi dong dang gen IRBB21 mang gen
khang Xa21 dé tao ra gidng lia BT7 cai tién khang bénh bac 14 (BT7KBL). Giéng
BT7KBL da dugc khao nghiém va dugc Bo Nong nghiép va Phat trién néng thon
cong nhan giéng chinh thirc va cho mo rong san xuat ¢ cac tinh phia Béc [8].

1.5 Chuyén gen vao lia thong qua vi khuin Agrobacterium tumefaciens
1.5.1 Vai tro cia ki thudt chuyén gen nho A. tumefaciens doi véi hé thong
chinh svra gen CRISPR/Cas9

Kho khin 16n nhit cta cong nghé chinh sira gen CRISPR/Cas9 1 viéc dua
hé thong chinh sira gen (¢ dang truc tiép 1a phtrc hé Cas9/gRNA hay & dang gian
tiép 1 cAu tric DNA biéu hién phtc hé Cas9/gRNA) vao trong té bao chu. O thuc
vat, hé thong Cas9/gRNA c6 thé duoc chuyén vao nhan té bao cay chii theo 2 cach:
(1) bién nap 6n dinh T-DNA vao hé gen ciy chi thong qua ki thuat chuyén gen str
dung A. tumefaciens hay sing ban gen; (2) biéu hién tam thoi phirc hé Cas9/gRNA
(vi tiém hodc dung hop té bao tran) [65]. Cho dén nay, ki thudt chuyén gen thong
qua A. tumefaciens van 1a phuong phap hiéu qua va phd bién nhit duoc sir dung
cho cac nghién cuu chuyén gen thyc vat do hi€u qua cao, cAu tric DNA ton tai va
biéu hién 6n dinh, s6 lugng ban sao thép. Hon nira, cic nha khoa hoc ¢6 thé st

dung nhiéu loai vat liéu khac nhau dé chuyén gen nho A. tumetufaciens, vi du nhu
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hoa (Arabidopsis), mé seo hodc IE (lta, ngd...), md 1a (thude 14), ré to (dau tuong,
khoai tay). Chinh vi vdy, rit nhiéu nghién ctru chinh stra gen & thuc vat bang
CRISPR/Cas9 di ap dung phuong thirc chuyén gen thong qua A. tumefaciens nay
[29, 44, 45].

Hiéu suit chinh stra gen ¢ thuc vat phu thudc vao rat nhiéu yéu tb, trong do
bao gém ca hi¢u qua cua bude chuyén gen. O cung mat loai thuc vét, loai vat liéu
khac nhau hay gen dich khac nhau s& cho hiéu qua chinh sira gen khac nhau. Chang
han nhu & ngd, khi chuyén cdu tric chira Cas9/sgRNA thong qua A. tumefaciens
vao IE, hiéu suat chinh sira gen tong hop phytoene ndi bao 1a 13%, chinh stra gen
Zmzb 1a 2% [44]. O cao luong, hi¢u suit chinh sira gen ShFT dat 33,3%, chinh stra
ShGA20x5 suit 83,3% [45]. Nhin chung, cdy tai sinh tir mo seo duoc chuyén cu
tric biéu hién CRISPR/Cas9 thudng c6 ti 16 dong hop cac indel gen dich & ngay
thé hé dau cao hon so véi khi st dung vat liéu 1a hoa, 14 hay ré to [126]. Pic biét
& 1aa, khi chuyén hé théng CRISPR/Cas9 qua A. tumefaciens, ciy con thu dugc
phﬁn 16n chi mang mdt ban sao. Diéu nay s€ thuan lgi cho viéc xac dinh dot bién
trong hé gen va phan tich di truyén ¢ thé hé con chau ciing tré' nén dé dang hon.
Bing cach phan tich vi tri myc tiéu trén cdy chuyén gen tuong tng, cac dot bién
dé dang duoc xac dinh. Hiéu suat gay dot bién & lac dao dong tir 2% - 16% [143].

Dé biéu hién trong thyc vat, hé thong chinh sira gen CRISPR/Cas9 can phai
duge dugce thiét ké béng cac mod dun phién ma gen dugc tdi uu cho thuc vat va
phai dugc chén vao vung T-DNA cua mot vector nhi phan. Méc du cAu trac biéu
hién phtrc h¢ CRISPR/Cas9 duogc dua vao hoat dong rat hiéu qua nhung do6i khi
van xudt hién céc thé kham (co thé mang nhiéu bd NST khac nhau) & thé hé Ti,
trir khi qué trinh chinh stra gen tao ra ot bién & thé dong hop. Chinh vi véy, dé tao
ra cac dot bién co thé di truyén on dinh trong hé gen, cAu triic cAu trac
CRISPR/Cas9 can phai duoc biéu hién ¢ té bao mam hay té bao mé phan sinh.
Thong thudng, cac promoter hoat dong manh trong t& bao mé phén sinh thuong
dugc sir dung dé tao ra nhitng dot bién gen c6 tinh di truyén 6n dinh ngay trong
thé hé cay chuyén gen T [146]. Hon nita, dé sgRNA biéu hién khi chuyén gen don

can sy co mit ctia promoter mang RNA polymerase I11. Promoter U3 va U6 14 hai
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loai thuong duoc sir dung phd bién nhét dé didu khién qua trinh biéu hién sgRNA
trong té bao thuc vat. Qua trinh phién ma sgRNA bat dau tir adenin (A) d6i véi
promoter U3 hodc bat dau tir guanin (G) dbi voi U6. Tuy nhién, dau 5°cua trinh ti
dich nam trong hé gen khong can bt diu bang G hay A, mién 1a cac Nu nay c6
trong cu trac biéu hién sgRNA [98]. Cac két qua nghién ctru trudc day cho thay
khi str dung promoter U6, sgRNA duogc biéu hién t6t hon va thich hop dé chinh
stra duge ¢ nhiéu loai thue vat [126].

1.5.2 Hiéu qud chuyén gen lia nho A. tumefaciens

Do6i voi cay lua, chuyén gen thong qua vi khuan dat A. tumefaciens duge
cho 1a hiéu qua hon ca, do sb ban sao cua gen bién nap duoc chén vao nhiém sdc
thé ctia té bao chu it va bén viing. Piac biét, phuong phap nay cho hié¢u qua chuyén
gen cao, kha nang chuyén dugc doan DNA c6 kich thudc 16n va chi phi thap. Chinh
vi vdy, cho dén nay hon 80% cac cong bd vé nghién ctru chuyén gen lta di sir
dung phuong phéap nay [57]. Nguyén ly ciia phuong phap nay dya trén dic tinh tu
nhién cia A. tumefaciens mang cac plasmid sinh khéi u & thuc vat (Ti-plasmid)
chta cac gen vir va ving gen chuyén (T-DNA). Cac té bao thuc vat khi bi ton
thuong sé tiét ra hop chét bao vé cé tac dimgk kich thich sy biéu hién gen vir ¢ A.
tumefaciens. Protein Vir tao ra T-strand tr ving T-DNA trén Ti-plasmid. Sau do,
vi khuén bam vao té bao thuc vat, T-strand va mot sb protein Vir dugc chuyén vao
té bao thuc vat qua kénh van chuyén xuyén mang. Trong té bao thuc vat, cac
protein Vir tuong tac vdi T-strand tao ra phuc hé T-complex. Phuc hé nay di vao
nhén té bao thuc vat ; T-DNA duoc chén vao hé gen thyc vat va biéu hién gen
chuyén [57].

Hiéu suit chuyén gen thong qua A. tumefaciens vao cac giong lta indica so
v6i japonica kha thap, do kho tai sinh hon. Gan day, voi nhiéu cai tién dang ké,
phuong phap chuyén gen nho A. tumefaciens da dat hiéu sudt cao & hau hét cac
gidng lta, bao gdm ca nhom indica (Bang 1.3) [114, 115, 158]. Cac nhan t6 quan
trong dugc xac dinh 1 ¢6 anh huong dén hiéu qua chuyén gen nho A. tumefaciens
& laa gdm: vat lidu 1ay nhiém (mo seo/IE/dinh chdi) va kha ning tai sinh in vitro

ctia tirng giong sau 1y nhiém. Dic biét, kha ning tai sinh sau qua trinh sang loc ¢
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vai tro quyét dinh sy thanh cong cua thi nghiém. Ban chat di truyén va kiéu gen
cua timg gidng 1ua 13 yéu té quyét dinh chinh ctia kha ning hinh thanh mé seo va
tai sinh cay hoan chinh trong qué trinh nudi cdy in vitro [114]. Sir dung IE 1am vét
liéu khoi déu cho qua trinh chuyén gen di dwoc chimg minh 1a hiéu qua hon nhiéu
so vOi céc loai vat liéu khac (nhu phdi trudng thanh), do kha ning tao mo seo va
kha nang tai sinh cay tu vat liéu IE tdt hon [135, 136].

Bang 1.3. Hiéu qua chuyén gen thong qua A. tumefaciens (2010 —2017)

Hiéu qua bién

Giong lua Loai phu Chung A. tumefaciens nap (%)
Kasalath Indica EHA 105 66,9
Pusa Basmati Indica EHA 105 26
MR219 Indica LBA4404 35
Handao 297 Japonica ALGI 20
Zhenshan 97 Indica EHA 105 85,2
IR64 Indica LBA4404 12
IR36 Indica EHA105 99,05
Zhonghua 11 Japonica EHA 105 66,7
Samba Mahsuri Indica LBA4404 30
JK1044R Indica EHA 105 30
Nipponbare Japonica EHA 105 41,2
Zhonghua 11 Japonica EHA 105 67,4
Chanh Trui Japonica EHA 105 25
Taichung 65 Japonica EHA 105 90

O Viét Nam, dinh huéng chuyén gen vao lta thong qua vi khudn A.
tumefaciens da bat dau hinh thanh tir nhitng nam 1995. Tuy nhién, cic cong bd
chuyén gen lia con it va hiéu qua chuyén gen dat dugc chua cao. Két qua nghién
ctru cia Cao Lé Quyén (2016) cho thay trong sb tap doan 47 giéng lta nuong da
kha sat khao ndng tao mo se¢o, chi c6 26 giéng co ti 1€ tao mo seo trén 50%, trong
do6 chi co 5 giéng co ti 1€ tao mo sego trén 75%, gém: LP5M; IR80416-B-152-4;
YUNLU103-1B va Nép Khau Bé Don. Pic biét duy nhat giéng laa Chanh Trui c6
kha ning tao mo seo 16n hon 80%. Quy trinh chuyén gen cho giéng lta Chanh Trui

— gidng lta nuong ban dia cua Viét Nam d3 dugc nghién ctru va ddy ciing 1a két
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qua chuyén gen thanh cong dau tién cho mot gidng lua ban dia cua Viét Nam da
duoc cong bd. Hiéu sudt chuyén gen vao gidng laa Chanh Trui dao dong tir 9%
dén 15%, trung binh 1a 10% [14]. Viéc st dung dia petri gd cao 15 mm két hop
véi phoi mau lac 1ay nhiém va giam mat &6 ODeoonm ctia vi khuén tir 1,0 xuéng 0,1
da duoc khao sat dé cai tién hiéu qua chuyén gen vao gidng laa Taichung 65. Két
qua, hon 90% sd cdy tai sinh mang ciu trac gen chuyén di duoc ghi nhén, trong
khi cac nghién ciru trude d6 chi cho hiéu qua chuyén gen 13 4,6% hodc 7,59% hoic
& cac gidng japonica khac chi dat tdi da 23%. Két qua nghién ctru nay da gop phan
giam thiéu khéi luong cong viée can thao tac trong mdi thi nghiém chuyén gen [2].
Ngoai yéu té di truyén (giéng), cac yéu tb moi truong nhu thanh phan khoang, chét
diéu hoa sinh truong, chat khang sinh cling c6 d&nh hudng dén ti 1é tao md seo, ti 16
tai sinh cdy sau nudi cay chon loc va strc séng cay ¢ diéu kién ex vitro [2, 5].
1.5.3 Cdc yéu to dnh hwong dén qud trinh chuyén gen théng qua A.

tumefaciens vao IE lua

Hiéu qua cta qué trinh chuyén T-DNA vi khuan vao té bao thuc vat thuong
bi tac dong boi tudi mo hodc cay, dang té bao, giai doan chu trinh té bao va céac chi
tiéu sinh 1y khac. Phoi co kich thudc 16n c6 kha ning sdng sot trong méi truong
khuan A. tumefaciens cao hon, tuy nhién kha nang tai sinh lai kém hon [25]. Thong
thuong, tudi phoi duge tinh tir thoi diém thy phan dén 30 ngay sau d6 (DAP - ngay
sau thu phan), c6 lién quan dén kich thudc phoi va diac diém sinh 1y sinh hoa tuong
g cua phoi lua. Mudi ngay dau (0 - 10 DAP) 1a giai doan biét hoa co quan, 10
ngay tiép theo (10 DAP - 20 DAP) 1a giai doan trudng thanh cta phoi va giai doan
20 DAP - 30 DAP Ia giai doan ngu nghi ctia phoi laa [64].

Bén canh d6, mat d6 vi khuan va thoi gian déng nudi cdy 1a nhimg yéu td
anh huong dang ké dén hiéu qua cua qué trinh chuyén gen. Su ting sinh cia vi
khuan ti 1& thuan voi thoi gian [124]. Vi vay, thoi gian dong nudi cay dai hay ngan
qua déu khong tét. Néu thoi gian dong nudi ciy dai, vi khun 4. tumefaciens sinh
san nhiéu phti 1én toan bd mau céy, canh tranh dinh dudng, hoac tiét ra nhiéu doc
t6 1am chét té bao mac du qua trinh nhiém chuyén c6 cao hon. Nguoc lai, néu thoi

gian dong nudi cay ngan qua, so lugng vi khudn A. tumefaciens it, chua du tao ra
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tan s6 nhiém chuyén cao, mic du té bao cé thé sdng sét nhiéu. Qué trinh cat T-
DNA soi don, bao boc T-DNA bang cac protein D2, E va B, chuyén phirc hop nay
ra khoi té bao A. tumefaciens vao té bao chét té bao cdy, pha bo 16p vo protein, tai
ban T-DNA soi don dé tong hop thanh soi kép va chén ngiu nhién vao nhiém sic
thé cay ky chu déu xay ra ¢ khau nay [25]. Do vy, xac dinh thoi gian dong nuodi
ciy thich hop ciing 1a nhan t6 c6 anh huéng dén hidu qua chuyén gen.

Quy trinh chuyén gen IE & gidng lta IR64 cia Hiei (2008) dat hiéu suét trén
90% khi str dung ching vi khudn A. tumefaciens LBA4440 dé bién nap ciu tric
chuyén gen. Tong thoi gian ciia quy trinh chuyén gen tir khi dong nudi cdy dén khi
dua cay ra vuon uom la 74 ngay (Phu luc 3) [57]. Nam 2014, Slamet cling da cong
b mot quy trinh chuyén gen IE cai tién vao giéng lta IR64. Quy trinh nay co thoi
gian thuc hién turong duong quy trinh cia Hiei (2008) 76-80 ngay, tuy nhién, hi¢u
suat chuyén gen chi dat 25-40% [124].
1.5.4 Nghién citu chuyén gen vao giong lia BT7 nho A. tumefaciens

Céc gidng laa chit lyc trong san xuét cia Viét Nam hién nay phan 16n 13 cac
gidng indica — 14 nhirng giéng khé chuyén gen, bao gom ca gidng BT7. Pay 1a mot
rao can 16n khi trién khai céc nghién ciru cai tao di truyén gidng lta bang cac cong
nghé chuyén gen hay chinh sira gen. Cho dén nay, trong tit ca cac nghién ctru cai
tao di truyén cta gidng laa BT7 (muyc 1.4.3), gen/QTL muc tiéu déu duoc chuyén
vao BT7 bang phuong phap lai truyén thong; chua co nghién ctru nao sir dung
phuong phap chuyén gen thong qua A. tumefaciens. Chinh vi viy viéc nghién ctru
xay dung chuyén gen vao gidng laa BT7 14 diéu can thiét dé phuc vu cac nghién
clru cai tién gidng lta BT7 bang cac cong nghé gen tién tién.

Trude ddy, trong nghién ctru tham do tong thé vé kha ning tai sinh cua tap
doan 59 cac giéng lua cua Viét Nam, nhom nghién ctru ciia Cao Lé Quén (2008)
d3 ghi nhén ca gidng japonica va indica, bao gdm ca BT7, déu khong ¢ kha ning
hinh thanh mo6 s¢o trén mai truong N6-D. Cac tac gia da xac dinh dugc moi truong
t6i wu tao mo seo cho giéng lua BT7 trén co s& moi truong nén MS, thu duoc hiéu
suat 81% [12]. O nghién ciru sau nay, cac tic gia da tiép tuc hoan thién quy trinh

nudi cdy in vitro cho giéng lta BT7 va da tai sinh thanh cong cay lia BT7 tir mo
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seo tao thanh tir phoi trudng thanh [13]. Nam 2019, quy trinh chuyén gen vao lua
BT7 str dung phoi truong thanh da duoc cong bd voi hiéu sudt chuyén gen dat
22,53% [16]. Tuy nhién, cho dén nay, chua c6 cong bd nao & Viét Nam vé nghién
ctru quy trinh chuyén gen vao lta, bao gom ca giéng lta BT7, sir dung IE lam vat
liéu khéi dau.

Tom lai, tir tong quan trén ddy, c6 thé thdy viéc nghién ctru ing dung cong
nghé CRISPR/Cas9 dé chinh sira cac EBE trén ving promoter ctia gen nhiém
OsSWEETI4 nham cai tién tinh khang bénh bac 14 cho giéng lia BT7 1a mot hudng
nghién ctru hién dai va c6 tiém nang va tinh kha thi cao ¢ Viét Nam, bat kip xu

hudng nghién ctru chon giong chinh xac véi thé gidi.
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Chuong 2. NGUYEN VAT LIEU, NOI DUNG VA PHUONG PHAP
NGHIEN CUU
2.1 Nguyén liéu
2.1.1 Péi twpng nghién civu
Promoter OsSWEETI4 cua gidng laa BT7.
2.1.2 Vit liéu nghién ciru
2.1.2.1. Mau thuc vit

Hat gidng lua BT7 va IR24 duogc cung cip bai Cong ty ¢ phan Tap doan
ThaiBinh Seed.
2.1.2.2. Chung vi sinh vt

Vi khuén E. coli DH5a do cong ty Thermo Fisher Scientific cung céap; vi
khuan A. tumefaciens chuing EHA105 kha bién duoc cung cap boi Cong ty
Clontech Laboratories; ching vi khuan A. tumefaciens EHA105 mang vector
pCAMBIA1301 va 20 chung vi khuén Xoo dugc phan 1ap va dugc luu gitr tai B
mon Bénh hoc phan tir, Vién Di truyén nong nghiép (Phu luc 2).
2.1.2.3. Vector va oligonucleotide

Vector pCas9 va pENTR4-gRNA do nhom nghién ctru cua Tién si
Sebastien Cunnac (Vién Nghién ctru vi su phat trién, Montpellier, Phép) cung cap.
Vector pPGEM-T dong goéi trong bd kit pGEM®-T Easy Vector Systems dugc cung
cap tir hiang Promega.

Céc oligonucleotide (Phu luc 4) str dung trong nghién ctru dugc thiét ké dyua
trén cac trinh tu da dugc cong bd trén GenBank va duoc cung cip tir hing
Invitrogen (Hoa Ky) va Sigma (Hoa Ky).

2.1.3 Hod chit

Céc loai enzyme cit giéi han, T4 DNA ligase, Tag DNA polymerase, Pfu
DNA polymerase, thang chudn DNA 1 kb va bo kit tinh sach DNA plasmid
GeneJET Plasmid Miniprep Kit ciia hing Thermo Scientific. Bo kit sinh tong hop
cDNA va Real-time PCR tir hing Thermo Scientific. Cac hoa chat sir dung dé tinh

sach RNA (Trizol), protein va céac loai khang sinh duoc cung cép boi Invitrogen.
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Céc hoa chét co ban sir dung cho sinh hoc phan tir do cong ty Sigma va Merk (M¥)
cung cip déu dat do tinh khiét can thiét.
2.1.4 Thiét b

Thiét bi chinh gdbm May PCR 9700 hing Perkin Elmer; hé thdng dién di
DNA va protein hang Biorad (My); may ly tdim Universal 30RF hang Hettich
(btc), Biofuge 28RS cua hang Heraus (DPuc); mdy chyp anh huynh quang
Firereader ctia hing UVItec (Anh qudc) va ti cdy an toan sinh hoc, may do pH,
nodi hap tiét tring dam bao tiéu chuan k¥ thuat cho thi nghiém.

2.2 N¢i dung nghién ciru

Luan an dugc thyc hién véi 4 ndi dung nghién ctru chinh (Hinh 2.1), cu thé:
Ni dung 1: Nghién ctru xay dung quy trinh chuyén gen vao IE giéng lta BT7

- T6i wu hé thdng tai sinh in vitro giéng lta BT7 tir IE.

- Téi wu diéu kién chuyén gen vao IE giéng lta BT7 thong qua A.

tumefaciens
- Quy trinh chuyén gen vao IE giéng lta BT7 thong qua A. tumefaciens

Noi dung 2 — Thiét ké cdu trac T-DNA chinh stra promoter gen OsSWEE14 &
gidng lta BT7 (SW14-BT)

- Nghién ctru x4c dinh co ché phan tir 1ay nhiém ctia Xoo & gidng laa BT7
- Thiét ké cau triic T-DNA chinh stta SW14-BT
Noi dung 3 - Tao dong lua BT7 chinh stra promoter SW14-BT
- Tao chung A. tumefaciens mang cau triac T-DNA chinh stta SW14-BT
- Chuyén céu trac T-DNA chinh stra SW14-BT vio giéng lta BT7
- Sang loc kiéu gen va kiéu hinh cac dong lta BT7 tai sinh
- Sang loc kiéu gen va kiéu hinh cac dong ltia BT7 chinh sira gen T

Noi dung 4 - Banh gia tinh khang bénh bac 14 cia cac dong laa BT7 chinh stra
promoter OsSWEET14
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- Panh gia dic diém nong sinh hoc dong laa BT7 chinh stra SW14-BT

- Nghién ctru biéu hién cua OsSWEETI4 trong cac dong laa BT7 chinh sira
SW14-BT

- Panh gia kha ning khang bénh bac 14 clia cac dong BT7 dot bién SW14-
BT & thé h¢ T>

NOI DUNG 2:
Thiét ké cau tric T-DNA chinh
sura promoter gen OsSWEET 14
gidng laa BT7 (SW14-BT)

v

NOI DUNG 1: | NOI DUNG 3:

Xay dung quy trinh | .| Taodong lia BT7 chinh sira
chuyén gen IE giong lua promoter gen OsSWEET14
BT7 nho A4. tumefaciens (SW14-BT)

v

NOI DUNG 4:
Danh gia tinh khang bénh bac
la & cac dong lua chinh sira
SW14-BT

Hinh 2.1 So' d6 thwre hién cac ndi dung nghién ctru chinh ciia luin 4n

2.3 Phuong phap nghién ciru
2.3.1 Cac ki thudt chung trong nghién cwru sinh hoc phan tir
2.3.1.1. Tach chiét DNA téng sé ¢ liia

DNA tong s cta thuc vat duoc tach chiét theo phuwong phép cta Doyle &
Doyle [51], str dung dung dich CTAB (Cetyl threemetyl amomnium bromide) 2%.
Mau 14 lua dugc nghién voi nito 16ng cho téi khi thanh dang bot min, sau d6 duogc
chuyén vao 6ng eppendorf 2 mL; mdt mL dém CTAB duoc bo sung vao 6ng; héon

hop duogc u & 56°C trong 20 phat. Ong duoc ly tim véi tée do 12.000 vong/phut
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trong 5 phut & 4°C, sau d6 phan dich néi duoc chuyén sang 6ng méi. Hai muoi mL
dung dich chloroform-isoamylalcohol (ti 1& 24:1) dugc bd sung vao dng, hdn hop
dugc lic déu va ly tam véi tbe d6 10.000 vong/phut trong 10 phat ¢ 4°C. Phan dich
ndi dugc chuyén sang 6ng méi; isopropanol duge bd sung vao éng theo ti 16 1:1
cung véi 5,0 mL NaCl 1,0 M. Hon hop dugc dao déu trong 5-7 phiit va ly tim véi
tbc do 13.000 vong/phit trong 15 phut dé thu tia. Két tua dugc hoa lai trong
ethanol 70%, va ly tim 12.000 vong/phut trong 10 phut dé thu tia DNA. Budc nay
dugc 1ap lai mot lan nita. Két tta DNA duoc thu lai, 1am kho trong 20 phut & nhiét
d6 phong. Nam muoi pL H20 duoc bd sung cing véi 2 pL RNase dé hoa tan tia
DNA va loai bo RNA con 1an trong mau. Mau DNA tong sé dugc bao quan ¢ -
20°C va sir dung cho céc thi nghiém tiép theo.
2.3.1.2. Tdach chiét RNA tong sé ¢ hia

RNA tong sé duogc tach chiét tir 14 lta non theo quy trinh hudng dan cia
hang Invitrogen (Hoa Ky). Mau thyc vat twoi dugc thu va bao quan trong N> 16ng
cho t&i khi tach chiét. Mot trim miligam mau mo thuc vat duoc nghién thanh bot
min trong N> 16ng va chuyén vao dng eppendorf 1,5 mL. Sau d6, 1,0 mL Trizol
duoc bo sung vao 6ng; dng dugce ddo déu va u trén da trong 5 phut. Tiép theo, 200
uL chloroform dugc bd sung vao hdn hop; dng dugc o trén da trong 15 phat. Hon
hop duogc ly tam ¢ tbe d6 13.000 vong/phit trong 5 phat, & 4°C. Dich ndi duoc
chuyén sang dng eppendorf 1,5 mL méi. Nam trdim pL isopropanol duoc bd sung
vao dung dich; 6ng duogc u trén da trong 15 phut. Két tia RNA duoc thu lai béng
cach ly tam voi tde do 13.000 vong/phut, trong 15 phut, ¢ 4°C va dugc rua lai trong
1,0 mL ethanol 70%. Ong duoc lic manh trong 15 gidy, sau d6 dugc ly tam voi
tbc d6 13.000 vong/phut trong 10 phat, & 4°C. Két tua dugc thu lai va lam kho
trong 60 phut. Két tia RNA cudi cung duoc hoa tan lai trong 50 uL dung dich
DEPC 0,2% va bao quan ¢ nhi¢t d -80°C.
2.3.1.3. Tdch chiét DNA plasmid tir vi khudn

DNA tai t6 hop dugc tinh sach tir t& bao vi khuan E. coli bang bo kit
GenJET™ Plasmid Miniprep (Thermo Scientific, Hoa Ky). Mot khuan lac duoc
nudi lic trong 5 mL LB 16ng c6 bo sung chat khang sinh thich hop véi toc do 220
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vong/phiit & 37°C qua dém. Té bao duoc thu bang cach ly tim & van téc 6.000
vong/phut trong 10 phut, & 4°C, sau d6 dugc hoa tr¢ lai trong 250 pLL dém P1
(Resuspension solution) da bd sung RNase A. Hai trim nim muoi pL dém P2
(Lysis solution) dugc bd sung vao dung dich té bao. Hon hop duoc U & nhiét d
phong trong 5 phut, sau d6 dugc trung hoa bdi 350 puL. dém P3 (Neutralization
solution). Ong duogc ly tdm véi van téc 13.000 vong/pht trong 10 phut, & 4°C.
Dich ndi sau khi ly tdim dwgc dwa 1én cot tinh sach plasmid va ly tam 10.000
vong/phit trong 1 phut. Nam trim pL dém rira (Wash buffer) dugc bd sung vao
cOt; cot duoc ly tam 30 — 60 giay. Bude nay dugc 1ap lai mot lan nira. Nam muoi
uL dém déy (Elution buffer) duoc b6 sung vao chinh gitra mang silica; cdt dugc u
& nhiét do phong trong 2 phut. Plasmid duoc thu bang cach ly tdm cot véi van toc
10.000 vong/phiit trong 60 gidy. Mau DNA plasmid tinh sach dugc bao quan & -
20°C.
2.3.1.4. Tach chiét DNA tong s6 tir vi khudn

DNA tong s6 dugc tach chiét tir vi khudn Xoo bang bo kit Wizard®
Genomic DNA Purification (Promega, Hoa Ky). Mot khuan lac duoc ciy ria trén
moi truong PSA & 28°C trong 48h. Vi khuan dugc hoa tan trong 600 pL dung dich
Nucleic Lysis Solution. Hon hop duoc @ 80° C trong 5 phit, sau d6 1am mat vé
nhiét d6 phong. 3 pL dung dich RNase Solution dugc bo sung vio dng va tron déu;
hén hop duoc u & 37°C trong 15-60 phut. Hai trim pL dung dich Protein
Precipitation Solution duoc bo sung vao 6ng; 6ng dugc tron déu va u trén da trong
5 phiit. Ong dugc ly tim ¢ toc do 13.000 vong/phit trong 10 phut. Dich ndi dugc
chuyén sang dng eppendorf 1,5mL mdi; mot thé tich isopropanol twong duong
duoc bd sung vao dng. Ong dugc ly tam tiép & toe do 13.000 vong/phut trong 10
phiit dé thu tiia. Két tia dugc rira trong 600 pL ethanol 70%; dng sau d6 duoc ly
tam véi toe do 12.000 vong/phut trong 10 phut & 4°C; két tia DNA duoc thu lai
(buée nay duoc lap lai 2 1an). Két tia DNA duoc 1am kho & nhiét d6 phong va hoa
tan bang 100 — 200 uL Rehydration Solution qua dém & 4°C va bao quan ¢ -20°C.
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2.3.1.5. Pién di DNA/RNA trén gel agarose

DNA/RNA trong mau thi nghiém dugc phét hién va dinh lugng twong ddi
bang ki thuat dién di trén gel agarose va nhuém Ethidium bromide (EtBr) theo
phuong phap cia Sambrook va Russel (2001) [115].

Dién di DNA: Mot gam agarose dugc dun nong trong 100 mL dém TAE va
duc vao khudn. Hon hop mau gém 5 pL mau DNA duoc tron véi 1,0 pL dém mau
co chtra bromophenol xanh, xylene cyanol va EtBr (50 pg/uL) dugc tra vao cac
giéng trén ban gel. Mau dugc dién di voi hidu dién thé 10 V/em gel. Sau dé, gel
duoc 13y ra va soi dudi anh sang tir ngoai, cac bang DNA gin véi EtBr xuit hién
dudi dang cac bang mau sang trén nén gel den.

Pién di RNA: 1,8 g agarose dugc dun néng dé hoa tan trong 170 mL H>O,
sau d6 1am mat vé 65°C. Muoi mL formaldehyde (37%) va 20 mL dém MOPS 10
X dugc bd sung vao dung dich; hdn hop duge lic déu va d6 vao khuon duc gel.
Muodi pL mau RNA dugc tron voéi 20 uL dém mau RNA (c6 chia formamide,
formaldehyde va EtBr); hon hop mau dugc u & 65°C trong 5 phut va lam mat trén
da. Trudc khi tra mau dién di, gel dugc dién di khoi dong ¢ hiéu dién thé 5 V/em
trong 5 phut. Mau duoc trén voi 2 pL dém co chira chat mau chi thi bromophenol
xanh, sau d6 duoc tra vao giéng va dién di vé6i hiéu dién thé 100V trong 10 phut va
65V trong 90 phat. Sau do, gel duoc liy ra va soi dudi anh sang tir ngoai cia may
soi gel, cac bang gan voi EtBr xudt hién dudi dang cac bang mau sang trén nén gel
mau den.
2.3.1.6. Tinh sach DNA tir gel agarose

DNA dugc tinh sach tir gel agarose bang bo kit GenJET™ Gel Extraction
(Thermo Scientifics, Hoa Ky) theo quy trinh huéng dan. Bing DNA quan tim
dugc cit chinh xac tir gel agarose va dua vao 6ng eppendorf 1,5 mL. Dém bam
(Binding buffer) duoc bd sung vao ong (1,0 L dém ~ 1,0 mg gel); éng duoc 0 &
60°C trong khoang 10 phat dén khi gel tan hoan toan. Dung dich gel agarose da
hoa tan duoc chuyén 1én cot tinh sach va ly tim vai toe d6 10.000 vong/pht trong
mot phut. Nam traim pL dém rira (Wash buffer) dugc bd sung vao cot va ly tim

trong mot phit ¢ van tdc 10.000 vong/phut. Budc rira cot dugc 1dp lai mot lan
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nira. Mot tram pL dém day (Elution buffer) duoc bd sung vao chinh giita 16p mang
silica cia cot. DNA duoc thu bang cach ly tim cot trong mot phut & tbe d6 10.000
vong/phut. Mau DNA tinh sach dugc kiém tra bang phuong phéap dién di trén gel
agarose va dugc bao quan ¢ -20°C.
2.3.1.7. Dinh lwong DNA

Ham luong DNA dugc xac dinh bang phuong phap do quang phd hap
thu & budc song 260 nm (ODa26onm — Optical Density260nm) theo cong thirc:

Ham lwong DNA soi doi (ug/ml) = 50 x OD260nmx n
OD:6onm: do hdp thu cia dung dich DNA ¢ 260 nm;;
n: hé sé pha lodng.

2.3.1.8. Nhdn ban DNA bang PCR

Poan DNA dich dugc nhan dong bang phan ting chudi tring hop PCR theo
phuong phap ctia Sambrook va Russel, 2001 [115]. Phan ing PCR gdm céc thanh
phan chinh: DNA khuén (50 pg); dNTPs 0,2 mM; méi (primer) 0,4 pmoL/uL; Tag
DNA polymerase 1,0 U; MgCl> 2 mM; dung dich dém (buffer) va nudce cAt khir
trung khir ion. Phan tng dugc thyc hién bang may gia nhiét tu dong (PCR) theo
ba giai doan co ban. Giai doan bién tinh (denaturation): DNA mach kép dugc tach
thanh dang mach don & nhiét d cao (94 — 95°C) trong vong 30 — 60 giay. Giai
doan lai — gan mdi (hybridization): nhiét d6 duoc ha thap xudng 40 — 70°C, céac
doan mdi dic hiéu sé bat cap bd sung vao hai dau doan DNA dich; giai doan nay
kéo dai 30 — 60 gidy. Giai doan kéo dai chudi (elongation): nhiét do dugc ting lén
72°C gitip cho DNA polymerase lap rap dNTPs tao thanh mach don DNA méi bd
sung v&i mach DNA khuon bét dau tir doan mdi. Thoi gian kéo dai chudi phu thuoc
vao kich thudc doan DNA dich, thuong tir 30 gidy dén nhiéu phut. Phan tmg két
thiic sau khi t & 72°C trong vong 10 phut va gitr san pham ¢ 4°C cho dén khi phan
tich. San pham PCR duoc kiém tra bang dién di trén gel agarose (muc 2.3.1.5).
2.3.1.9. Téng hop cDNA tir RNA

Mot pg mau RNA tinh sach duoc dung cho phan tmg tong hop cDNA bing
bo kit Maxima H Minus First Strand cDNA Synthesis theo quy trinh huéng dan
ctia hang Thermo Scientifics (Hoa Ky), sir dung mdi oligo dT. Hon hop phan tng
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bao gdm: 2,5 pg RNA; 0,8 L dNTPs 10 mM; 1,0 pL oligo dT 0,5 pg/uL; 2,0 uL
dém 10 X; 0,5 pL chat (rc ché RNase; 2,0 uL DDT 100 mM; 1,0 uL reverse
transcriptase 5 U/uL va ddH>O dén tong thé tich 20,0 puL. Ong phan tng dugc G &
42°C for 60 min. San pham phan tmg dugc bao quan & -80°C. Chat luong cDNA
dugce kiém tra béng PCR (muc 2.3.1.8) voi cap mdi Actin-F/Actin-R .
2.3.1.10. Bién nap DNA plasmid vao vi khudn

Bién nap DNA plasmid vao vi khuan E. coli: DNA plasmid dugc bién nap
vao vi khuan E. coli DH5a bang phuong phap soc nhiét [115]. Té bao E. coli kha
bién (bdo quan trong ti lanh sau -80°C) dwgc 1am tan trén d4 trong 10 phut. Tiép
d6, hdn hop phan tng ghép ndi dugc bd sung vao dung dich té& bao va dugce 1 trén
da trong 20 phut. Té bao duoc sbc nhiét bang cach chuyén sang bé 6n nhiét 42°C
trong 45 gidy, sau d6 duoc chuyén lai u trén d4 trong 2 phit. Tiép theo, 450 uL LB
16ng duge bd sung vao hdn hop bién nap; té bao duoc t & 37°C trong 20 phit trudc
khi duoc nudi lac véi toc dd 220 vong/phut trong 30 phit. Hon hop té bao duoc
cdy trai trén dia moi truong LB dic ¢ bd sung chét khang sinh thich hop va duoc
u ¢ 37°C qua dém.

Bién nap DNA plasmid vao vi khuan A. tumefaciens: DNA plasmid duoc
bién nap vao vi khuan A. tumefaciens theo phwong phap ciia Wang (2006) [138].
Té bao A. tumefaciens chuing EHA105 kha bién (bao quéan trong tu lanh siu -80°C)
duogc 1am tan trén d4 trong 10 phut. Tiép d6, mot pg DNA plasmid duoc bd sung
vao dung dich té bao da ra dong va u trén da 15 phut dé tao diéu kién cho vector
bam vao thanh té bao, sau d6 duoc chuyén sang u trong N> 10ng trong 5 phut. Té
bao dugc sdc nhiét bang cach chuyén sang bé 6n nhiét 37°C trong 5 phut. Ong té
bao dugc ly tdm trong 30 gidy; phan dich ndi duoc loai bé hoan toan. Nam trim
uL LB duoc bd sung vao 6ng dé hoa tan toan bo té bao, sau do tiép tuc dugc ly
tam 30 giay; phﬁn dich ndi duge loai bo. Tiép theo, S00uL LB léng duogc bd sung
vao hdn hop, té bao duoc nudi lic véi toe do 220 vong/phut trong 2 - 4 gid, & 28°C.
Hon hop té bao bién nap dugc cdy trai trén moi truong LB dic cd bd sung
kanamycin 50 pg/mL, streptomycin 50 pg/ml, rifampicin 20 pg/mL va 0 & 28°C

trong 2 - 3 ngay. Su c6 mat cua cau tric bi€u hién gen trong khuan lac xuat hién
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trén moi truong chon loc dugc kiém tra bang phuong phap PCR tryc tiép khuan
lac, st dung cap mdi dic hiéu cua tung cAu tric.
2.3.1.11. Cit/néi DNA

Phan tng cit DNA duoc thyuc hién bang enzyme cit gidi han [115]. Thanh
phan phan tng bao gdm: 17 uL DNA, 2 pL dém phan tng 10 X, 1,0 pL enzyme
(5 U). Hon hop phan tng duoc t & 37°C trong 30 phut — 4 gio.

Phén tmg ghép nbi hai doan DNA dugc thuc hién bang T4 ligase ctia hing
Invitrogen [115]. Thanh phan phan tmg bao gdm: 4,0 L mdi doan DNA, 1,0 pL
dém T4 DNA ligase 10 X, 1,0 pL T4 DNA ligase (5 U). Hon hop phan tng duoc
u & 16°C trong 4 gio hodc 4°C qua dém.
2.3.1.12. Giai trinh tw DNA

San pham PCR dugc giai trinh tw Nu theo ctia phuong phap Smith va dong
tac gia (1986) [125] bai cong ty Macrogen (Han Qudc). Két qua giai trinh ty duoc
xtr li bang phan mém BioEdit 4.0. Trinh tu gen sau khi xtr li duoc so sanh voi co
so dit liéu trén Gene Bank va phén tich bang phan mém BioEdit v2.0 va CRISPR
ID vl.1.

2.3.2 Toi wu quy trinh chuyén gen vao giong liia BT7 sir dung IE
2.3.2.1. Téi wu hé théng nudi cdy in vitro phéi hat non giong liia BT7
a) T6i wu thoi gian xir Iy phoi hat non bang NaOCl

Hat Iia non (sau thy phén 8-10 ngay, giai doan con sira trong hat) dugc boc
v va khir triing bang dung dich NaOCI 1,0%, lan luot trong cac khoang thoi gian:
3 phut, 5 phut, 8 phat va 10 phut. Hat duogc rira lai 5-6 lan béng nudce cat khu trung
va thAm kho. Sau d6, IE duoc tach ra khéi hat va dat trén moi truong nudi céy N6
(muéi co ban N6; 2,4-D 2,0 mg/L; NAA 1,0 mg/L; BAP 0,2 mg/L; sucrose 20 g/L;
glucose 10g/L; agar 7 g/L; pH 5,2). Dia nudi cy duoc u trong tdi ¢ 28°C. Ti 18 IE
séng, nhiém va chét duoc ghi lai sau 10 ngay nuoi céy. Thi nghiém duoc lap lai 3
lan, 20 IE/cong thire/1an 1ap lai.

b) Tbi wu diéu kién anh sang cho nuoi céy tao mo seo tur IE
Hat lta non (sau thy phan 8-10 ngay, giai doan con sita trong hat) dugc boc

vo va dugc khr trung bﬁng NaOCI 1% véi thoi gian 5 phit, sau do, IE dugc tach
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khoi hat va dugc nudi c?iy trén moi truong N6 (muéi co ban N6; 2,4-D 2,0 mg/L;
NAA 1,0 mg/L; BAP 0,2 mg/L; sucrose 20 g/L; glucose 10g/L; agar 6 g/L; pH 5,8)
trong cung diéu kién t6i hoan toan ¢ 25°C trong 7 ngdy. Sau d6, mau dugc cdy
chuyén sang mdi trudng méi cd cung thanh phan va dugce nudi & hai diéu kién
chiéu sang: (A) - chiéu sang lién tuc v&i cuong do 3000 lux, & 25°C) va (B) - thi
hoan toan, & 25°C. Ti 16 mé seo ting sinh dugc ghi nhan sau 30 ngay nudi cay.

Mo seo thu duoc (sau 3 1an cdy chuyén tir mdi cong thirc anh sang) tiép tuc
dugc cdy chuyén sang moi truong nudi cdy MS (mudi MS co ban; kinetin 2 mg/L;
NAA 0,2 mg/L; sucrose 20 g/L; glucose 10g/L; agar 6 g/L; pH 5,8). M6 seo duoc
nudi cdy voi diéu kién chiéu sang 16h/ngay, cudng do chiéu sang 3000 lux ¢ 25°C.
Ti 18 mé seo tai sinh chdi duoc ghi nhén lai sau 30 ngdy nudi cay. Thi nghiém dugc
13p lai 3 14n, 20 IE/cong thirc/lan 1ap lai. Ti 16 mo seo ting sinh = S6 md seo phat
sinh tir IE tang sinh / s IE cdy x 100%.
¢) Tbi wu thanh phan moi trudng tai sinh chdi tir mo seo

Hat lua non dugc khur trung béng NaOCl 1% trong 5 phut, sau do, IE duoc
nudi cdy (mudi co ban N6; 2,4-D 2,0 mg/L; NAA 1,0 mg/L; BAP 0,2 mg/L;
sucrose 20 g/L; glucose 10g/L; agar 6 g/L; pH 5,8) trong t6i hoan toan & 25°C. Sau
30 ngay, mo seo hinh thanh duoc ciy chuyén sang méi truong nudi cdy MS (mubdi
MS co ban, sucrose 20 g/L, glucose 10g/L, agar 6 g/L, pH 5,8) duoc bd sung chit
diéu hoa sinh truong (PHST) lan luot theo 4 cong thirc: RW1 (kinetin 2,0 mg/L;
NAA 0,2 mg/L; nuédc dira 10%), RW2 (kinetin 2,0 mg/L; NAA 0,4 mg/L; nudc
dura 10%), RW3 (kinetin 2,0 mg/L; NAA 0,2 mg/L; nudc dura 20%), RW4 (kinetin
2,0 mg/L; NAA 0,4 mg/L; nudc dua 20%). Mo seo dugc nuodi céy voi diéu kién
chiéu sang 16h/ngay, cudng do chiéu sang 3000 lux & 25°C. Ti 1é mé seo tai sinh
chdi va s6 chdi/md seo tai sinh duoc ghi nhan lai sau 30 ngay nudi cay. Thi nghiém
duoc lap lai 3 lan, 20 mé seo/cong thie/lan lap lai.
2.3.2.2. Téi wu quy trinh bién nap gen vao IE giong lia BT7
a) Chuyén gen vao IE thong qua vi khuan 4. tumefaciens

T-DNA dugc chuyén vao gidng laa BT7 bang phuong phap chuyén gen IE
thong qua A. tumefaciens dua trén quy trinh chuyén gen IE ctia Hiei (2008) va

Slamet [57, 124], v6i mot sb cai tién (muc 2.3.2).
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Chudn bi nguyén li¢u thyuc vdt: Hat lha non dugc boc vo va khir trung b@ing
dung dich NaOCI 1% trong 5 phut dé tach IE (muc 2.3.2a).

Chudn bi vi khudn: Mot khuén lac A. tumefaciens EHA105 mang vector
pCAMBIA1301 da duoc tré hoa va duoc céy trai trén moi truong LB dac chaa
kanamycin 50 mg/L va rifamycin 15 mg/L nudi trong téi 3 ngay & 28°C. Sau do,
vi khuan duoc thu lai bang cach ly tim & 3.000 vong/phit & 4°C va dugc hoa tan
tr¢ lai trong dung dich moéi truong N6 long (muéi co ban N6; 2,4-D 2,0 mg/L;
NAA 1,0 mg/L; BAP 0,2 mg/L; sucrose 20 g/L; glucose 10g/L; acetosyringone
100 uM, pH 5,2) dén gia tri ODgoonm tity theo cong thirc cua thi nghiém tbi wu mat
d6 vi khuén va thoi gian dong nudi cdy (muc 2.3.2.2b), va dat 0,3 & cac thi nghiém
con lai.

K3 thudt thuc hién: IE dugc dat trén moi truong nudi c?iy N6 (muc 2.3.2a)
c6 bd sung acetosyringone. Nam pL dung dich vi khuan dugc nho truc tiép 1én
mdi IE va dugc ddng nudi cay trong tdi ¢ 25°C. Sau d6, mam trang dugc cit bo va
phﬁn IE duoc chuyén sang moi truong phuc hoi (muéi N6 co ban; 2,4-D 2,0 mg/L;
NAA 1,0 mg/L; BAP 0,2 mg/L; phytagel 6,5 g/L, pH 5,8) nudi 10 ngay trong t6i
& 25°C. Phan mo seo tao thanh duge chuyén sang nuoi céy trén moi truong chon
loc (muéi N6 co ban; 2,4-D 2,0 mg/L; NAA 1,0 mg/L; BAP 0,2 mg/L; chat khang
sinh thich hop; phytagel 6,5 g/L, pH 5,8) & 28°C trong diéu kién ti hoan toan, sau
mdi 10 ngay cay chuyén sang dia méi truong méi cé cung thanh phan. Phan mé
seo song sot (tring, sang) sau 3 lan cdy chuyén dugc nudi cdy trén moi trudng tién
tai sinh (modi trudng MS c6 bd sung BAP 2,0 mg/L, NAA 0,2 mg/L, nudc dira
20%, cefotaxime 100 mg/L, hygromycine 50 mg/L, phytagel 6,5 g/L, pH 5,8) 7
ngay trong tdi & 28 °C, trude khi chuyén sang moi truong tai sinh (méi trudng MS
6 bo sung kinetin 0,2 mg/L, NAA 0,2 mg/L, nudc dira 20%, hygromycin 30 mg/L,
agar 6,0 g/L, pH 5,8) nudi ¢ 28°C vé6i quang chu ky 16 gio sang/8 gio tbi toi khi
xuat hién chdi. Chdi tai sinh dugc tach khoi cum va duoc cdy chuyén sang binh
moi trudng méi cung thanh phan, nudi tiép dén khi chdi dat chiéu cao tir 3 — 5 cm.
Khi d6, chdi duoc cdy chuyén sang mdi truong tao ré (mdi truong MS co ban) va

nudi cdy ¢ diéu kién 28°C voi quang chu ky 16 gio sang/8 gio t6i tdi khi cay co
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dﬁy du bo ré. Cay lta con sau khi dugc nhéc ra khoéi binh, dugc rira sach moi truong
bam & 1& dudi voi nudc chay, duoc ngam tiép phan ré 5 ngay trong dng thily tinh
chtra nude. Cudi cung, ciy laa con duge trong vao chiu nhya chira gia thé TN
nudi trong diéu kién nha ludi.

DNA tong sb duoc tach chiét tir mé 14 cua cy tai sinh (muyc 2.2) va sir dung
lam khuén cho PCR (muc 2.3.1.8) v6i cap mdi dic hiéu Actin-F/Actin-R (Phu luc
4) va cu triic T-DNA.

b) Téi vu mat d6 va thoi gian ddng nudi cay vi khuan 4. tumefaciens voi IE

Thi nghiém chuyén gen duoc thyc hién nhu di trinh bay ¢ trén (muc
2.3.2.2a), voi cac yéu t6 da duoc tdi wu (muc 2.3.2), st dung lan luot dung dich vi
khuan A. tumefaciens ¢6 ODgoonm 0,1; 0,3 va 0,5 va thoi gian dong nudi ciy lan
luot 14 5 va 7 ngay. Cu thé, IE 8 - 10 DAP sau khi 1ay nhiém vi khuan dugc dong
nudi ciy trén moi truong N6 (muc 2.3.2.2a) c6 bd sung acetosyringone 100 pM;
chon lgc trén méi trudng co bd sung cefotaxime 200 mg/L, vancomycin 100 mg/L,
hygromycin 50 mg/L. S6 mé seo sdng sot/phat trién sau mdi giai doan va sd cay
tai sinh c6 két qua PCR duong tinh v6i cdp mdi HPT-F/HPT-R (Phu luc 4) duoc
ghi lai. Mdi cong thirc thi nghiém sir dung 60 IE, duoc lap lai 3 lan/cong thirc.
¢) Pénh gia anh hudng cua tudi phdi dén hidu qua chuyén gen

Thi nghiém chuyén gen sir dung IE duoc thuc hién nhu d trinh bay ¢ trén
(muc 2.3.2.2a), vi cac yéu td da duoc tdi wu (muc 2.3.2.2b, 2.3.2.2¢), sit dung lan
luot IE 8 - 10 DAP, 11-13 DAP va 14 - 16 DAP. Cu thé, IE duoc 1ay nhiém bang
dung dich vi khuan A. tumefaciens ¢ ODgoonm 12 0,3; dong nuoi ciy trén moi
truong N6 (muc 2.3.2.2a) c6 bd sung acetosyringone 100 uM trong thoi gian 5
ngay; chon loc trén mdi trudng ¢ bo sung cefotaxime 200 mg/L, vancomycin 100
mg/L, hygromycin 50 mg/L. S& mé seo sdng sot/phat trién sau mdi giai doan va
sO cdy tai sinh c6 két qua PCR dwong tinh v6i cap moi HPT-F/HPT-R (Phu lyc 4)
duoc ghi lai. Mdi cong thirc thi nghiém sir dung 60 IE, duogc lip lai 3 lﬁn/céng
thurc.

d) Pénh gia anh hudng cua ndng do acetosyringone dén hiéu qua chuyén gen
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Thi nghiém chuyén gen duoc thyc hién nhu di trinh bay ¢ trén (muc
2.3.2.2a), v6i cac yéu td dd dugce ti wu (muc 2.3.2), sir dung acetosyringone (AS)
cho budc ddng nudi cdy voi ndng do 1an lugt 0 uM, 100 pM, 150 uM va 200 pM.
Cu thé, IE 11-13 DAP duoc lay nhiém bang dung dich vi khuan 4. tumefaciens co
OD6oonm 12 0,3; dong nudi cay trén moi truong N6 (muc 2.3.2.2a) trong thdi gian 5
ngay; chon loc trén mdi trudng ¢ bo sung cefotaxime 200 mg/L, vancomycin 100
mg/L, hygromycin 50 mg/L. S mo seo sdng sot/phat trién sau mdi giai doan va
sO cay tai sinh c6 két qua PCR dwong tinh v6i cap moi HPT-F/HPT-R (Phu luc 4)
duoc ghi lai. Mdi cong thirc thi nghiém str dung 60 IE, duoc lip lai 3 1an/cong
thuc.

Hiéu suat chuyén gen cua cac thi nghiém chuyén gen dugc tinh theo cong
thtrc:

N . . SO cAy mang gen chuyén
Hiéu suat chuyén gen (%) = 53 IE dimng nubi cay X100

2.3.3 Bdnh gid sw twong tic giita vi khuin Xoo va OsSSWEETI14 trén liia BT7
2.3.3.1. Nudi cdy vi khuan Xoo

MB&i chung vi khuan Xoo (luu trit & —80°C) dugc cdy trai trén dia méi trudng
PSA va duoc nudi & 28°C trong 3 ngay. Khuan lac ctia mdi chung duogc kiém tra
lai béng ki thuat PCR da mdi [80] (muc 2.3.1.8) nhu sau: mot khuén lac don duoc
hoa tan trong 50 pL nudc cat khir triung khtr ion va u & 96°C trong 5 phut, sau d6
duoc su dung tryc tiép lam khuon cho PCR. Phan ung PCR sir dung lan luot cac
cap mdi X03756F/X03756R, X0080F/X0080R va Xoc3866F/Xoc3866R (Phu luc
4). Phan ung duoc thyc hién 35 chu ky: bién tinh DNA ¢ 95°C — 30 gidy, gan moi
& 55°C — 30 gidy va kéo dai chudi & 72°C — 30 gidy. San pham PCR sau d6 duoc
dién di kiém tra trén gel agarose theo quy trinh d trinh bay (muc 2.3.1.5). Khuan
lac o két qua PCR duong tinh duoc céy trai trén moi truong PSA dac va tiép tuc
duogc 1 ¢ 28°C trong 2 ngay.
2.3.3.2. Ldy nhiém nhdén tao vi khudan Xoo trén lia

Sinh khéi vi khuan Xoo trén bé mit méi trudng nudi cdy duoc thu lai va pha

lodng trong dung dich MgCl, 10 mM dén gia tri ODsoo dat 0,5 cho thi nghiém danh
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gid doc tinh Xoo, hay trong thi nghi¢ém danh gia tinh khang Xoo cua laa BT7 va
dat 0,4 cho thi nghiém danh gia biéu hién OsSWEETI4.

4

Hinh 2.2. LAy nhiém vi khuan Xoo trén lia bang phwong phap cit 14
Ghi chii: (4) Céy lia ¢ giai doan dé nhdanh; (B) Nhiing kéo vao ong chira dung dich hoa
lodng vi khudan (MgCly 10 mM); (C-D) Sir dung kéo cdt bo phan dau phién la lia [76];
(E) Xdc dinh chiéu dai vét bénh.

Thi nghiém lay nhidm vi khuin Xoo trén lua dugc thuc hién theo phuong
phap cit 14 cai tién cua Ke er al. (2017) [76]. Cay lta trong giai doan dé nhanh
(khoang 45 ngay sau khi cdy) sinh trudng trong diéu kién nha luéi duoc st dung
cho thi nhiém 14y nhiém Xoo. Pau phién 14 (3 — 4cm) cta cdy lua duogc cit bang
kéo da duoc nhung trong dung dich vi khuan Xoo. Mdi thi nghiém lay nhiém thuc
hién trén t6i thiéu 3 cay, mdi cdy cit 3 - 5 4.

Thi nghiém 14y nhiém Xoo phuc vu phan tich biéu hién gen duoc thuc hién
theo mé ta trudc ddy cua Li et al. (2013) [89]. Cay lua dugc gieo trong trong diéu
kién nha lué6i. La cdy lua 4 tuan tudi duoc lay nhidm nhan tao vé6i vi khuin Xoo
bang ki thuat tiém 14. Sau 48 gid 1y nhiém, ving 14 dugc tiém dung dich vi khuan
dugc cat va bao quan trong N, 16ng dén khi tach chiét RNA. Mdi thi nghiém lay
nhiém thuc hién trén 3 cay, moi cay tiém 1 1a.
2.3.3.3. Pdnh gid doc tinh vi khuan Xoo trén giong lia BT7

Cay ltia BT7 dugc 1ay nhidm véi cac chung Xoo bang ki thuét cit 14 nhu da
mo ta ¢ trén (muc 2.3.3). Thi nghiém ddi chimg am sir dung dung dich MgCl, 10
mM khéng chira vi khuan Xoo. Gidng IR24 duoc dung lam méu chuan nhiém vi

khuan Xoo (d6i chimg dwong). Sau 14 ngiy, chiéu dai vét bénh phaét trién trén 1a
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laa dugc ghi lai. Chiéu dai vét bénh duoc tinh 1a chidu dai tir vi tri cat dén ria cia
cac vét ton thuong (chdy 14) hoan toan trén 14 lua. Thi nghiém duogc tién hanh lip
lai 3 1an, mdi 1an trén it nhat 3 cay (14 thi nhat va 1a thir hai cia mdi nhanh/cay).
2.3.3.4. Pdanh gid biéu hién gen OsSWEET 14

Cay lta BT7 duoc lay nhiém vdi cac chung Xoo bang ki thuat tiém 14 nhu
d3d mo ta ¢ trén (muyc 2.3.3). Thi nghiém phan tich biéu hién gen duoc thuc hién
theo mo ta trudc day cia Li et al. (2013) bang phuong phap RT-PCR. La cay laa
sau khi 14y nhiém véi vi khuan Xoo duoc st dung dé tach chiét RNA tong s6 (muc
2.3.1.2) va dién di kiém tra trén gel agarose (muc 2.3.1.5). Mot ug RNA dugc sir
dung cho phan tng tong hop cDNA (muc 2.3.1.9). Mot pL san pham phan tng
tong hop cDNA duoc st dung truc tiép lam khuon cho PCR (muc 2.3.1.8) véi cap
moi SW14-qgPCR-F/ SW14-qPCR-R (Phu lyc 4). San pham PCR duogc dién di trén
gel agarose (muyc 2.3.1.5) va phan tich bang phan mém ImageJ v1.48. Thi nghiém
dbi chimg am st dung dung dich MgCl, 10 mM khéng chira vi khuan Xoo. OsEF I a
duoc st dung lam gen noi chuan. Thi nghiém duogc 1dp lai 3 lan.
2.3.3.5. Nhan dong promoter OsSWEET14 cua lua BT7

Cay lta BT7 3 tudn tudi dugc cat 14 dé tach chiét DNA tong sé (muc 2.2)
SW14-BT dugc phan 1ap bang k¥ thuat PCR (muc 2.3.1.8) voi cip moi SW14-
F/SW14-R (Phu luc 4) tir DNA tong s cua laa. San pham PCR duoc dién di kiém
tra trén gel agarose (muyc 2.3.1.5) va tinh sach (muc 2.3.1.6) dé phuc vu budc thi
nghiém tiép theo.

San pham PCR tinh sach duoc nhan dong bang bo kit pGEM-T Easy theo
quy trinh di kém cua hing Promega (Hoa K¥). San pham ghép ndi DNA dugc bién
nap vao vi khuan E. coli DH5a (muc 2.3.1.10); thé bién nap dugc sang loc bang
phuong phap PCR tryc tiép khuan lac (muc 2.3.1.8) v6i cip moi T7/SP6 (Phu luc
4, Phu luc 5). Plasmid duoc tach chiét tir khuén lac duong tinh (muc 2.3.1.3) va
duogc kiém tra bang ki thuat PCR (muyc 2.3.1.8) véi 3 cip mdi SW14-F/SW14-R,
SW14-t-F/SW14-t-R, T7/SP6 va bang enzyme cit gi¢i han Ndel, Ndel/BglII,
EcoRI (muc 2.3.1.11).
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S_'o!ll-l‘wl 1395 bp swu-tm;a_v
EcoRl Bghi (1331) EcoRI
Ndel
Ndel (5) SW1d-Fw2 659 bp SW1d-Rv2
TPro 1581 bp $P6-Pro

Hinh 2.3. So' @6 vector pGEM/OsSWEET14
Ghi chii: Miii tén (—) thé hién vi tri cia cdc moi; dwong ké (----) thé hién doan DNA
dwoc nhan ban va kich thuoc (bp).

Trinh tr DNA duoc xac dinh béng thiét bi gidi trinh tuy nucleotide tu dong
ABI3100 theo phuong phap ciia Smith et al. (1986) bdi cong ty Macrogen (Han
Quéc), sir dung 1an luot hai moéi T7 va SP6 (Phu luc 4, Phuy luc 5) cho PCR giai
trinh tw. Két qua giai trinh tu duoc xtr 1i bang phdn mém BioEdit 4.0 va so sanh
vO1 co s& dir liéu trén GenBank.

2.3.4 Thiét ké cdu triic T-DNA chinh siva SW14-BT
2.3.4.1. Thiét ké trinh tw sgRNA dinh huwéng SW14-BT

Trinh tu sgRNA nhan biét dic hiéu vi tri EBE AvrXa7, PthXo3 va Tal5 trén
SWI14-BT  dugc x4c dinh  bang phin mém CRISPR-P  v2.0
(http://crispr.hzau.edu.cn/CRISPR2/). Ham luong GC cua cac crRNA dugc phan
tich bang phan mém Genetyx 4.0. Cau trac bac II cta cac sgRNA dugc phan tich
bang phan mém Mfold 2.3 (http ://www.unafold.org/) va CRISPR-P v2.0. Tinh
dac hiéu cua cac trinh ty crRNA (on/off—target) cia phirc h¢ Cas9/sgRNA dugc
phan tich bang phan mém CRISPR-P v2.0. Céc trinh ty DNA trong hé gen lua
tuong dong voi crRNA di thiét ké duoc xac dinh bang phan mém CCTop (https
://cctop.cos.uni-heidelberg.de:8043/). Trinh tuy hé gen lua dugc tham chiéu tir co
sO dir li¢u trén ngan hang gen Ensembl Plants. sgRNA dac hiéu dugc lya chon dua
trén ham luong GC trong ving crRNA, kha ning hinh thanh va duy tri cdu trac
bac I1, sb luong, vi tri va dac diém trinh tu nucleotide ctia doan DNA tuong d@)ng

v6i crRNA xuat hién trong hé gen Ita tham chiéu [91].
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2.3.4.2. Thiét ké cau triic biéu hién SgRNA nhan biét dic hiéu SW-BT

Hai doan oligonucleotide gRNA-SW14-F va gRNA-SW14-R (Phu luc 4)
dugc lién két voi nhau bang phan (mg bién tinh/phuc hoi DNA. Hon hop phan tng
goém 4,0 pL trinh ty xudi 10 pmoL/uL va 4,0 pL trinh ty ngugc 10 pmoL/uL; hdn
hop dugc U trong bé 6n nhiét & 95°C trong 5 phut va duogc tiép tuc gitt dén khi
nudc ngudi vé nhiét d6 phong dé tao doan crRNA soi doi hoan chinh (goi tat 1a
gRNA-SW14). Poan DNA gRNA-SW14 dugce gan nhém POs bing enzyme PNK.
Hdn hop phan tmg bao gém: 8,0 uL DNA; 1,5 uL dém T4 PNK 10 X; 1,0 uL ATP
10 mM; 3,5 puL nude cat khir ion; 1,0 uL enzyme T4 PNK. Ong hdn hop dugc 0 &
37°C trong 30 phut. San pham phéan tng dugc str dung truc tiép cho thi nghiém

ghép ndi DNA tiép theo.
crRNA-8
NeolfXmal/Sall/{BamHI|/EcoRI 1
pEN-F 436 bp gRNA-SW-R
— fp—
Bsal/Bsal Notl/Xhol/EcoRV
PENTR4-gRNA U6 tracrRNA —RRI3;
— fp—
276 bp
— A
Ue-F 451 bp Ter-R
— —
PEN-F 1384 bp PEN-R

Hinh 2.4. So dd thiét ké vector pENTR4/gRNA-SW14
Ghi chii: crRNA-8 dwoc ghép néi vao vi tri Bsal trén pENTR4-gRNA. (attR1, attR2) Vi
tri nhén biét cua clonase LR; (U6) promoter U6; (TER) viing két thiic phién md. Mii tén
(—) thé hién vi tri ciia cdc moi; duwong ké (----) thé hién doan DNA dwoc nhéan ban va
kich thuoc (bp).

Doan DNA gRNA-SWI14 dugc chén vao vi tri Bsal nam gita trinh tu
promoter U6 va tracRNA trén vector PENTR4-gRNA (Hinh 2.5). Vector pPENTR4-
gRNA duoc duge xir Iy véi enzyme Bsal (muyc 2.3.1.11). San pham cit gidi han
dugc dién di trén gel agarose (muc 2.3.1.5); bang DNA 3,2 kb dugc tinh sach tur
gel agarose (muc 2.3.1.6) va ghép ndi voi gRNA-SW14 (da gan nhom POy) & trén
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bing T4 DNA ligase (muc 2.3.1.11). San phadm ghép ndi DNA duogc bién nap vao
vi khuén E. coli DH5a (muc 2.3.1.10); thé bién nap duoc sang loc bang phuong
phap PCR tryc tiép khuan lac (muc 2.3.1.8) véi cip moi pEN-F/gRNA-SW14-R
(Phu luc 4, Hinh 2.4). Plasmid dwogc tach chiét tir khuan lac dwong tinh (muc
2.3.1.3) va duogc kiém tra bang ki thuat PCR (muc 2.3.1.8) v6i 2 cip mdi pEN-
F/pEN-R (1,4 kb) va U6-F/gRNA-SW14-R (276 bp). Vector tai t6 hop (goi tit 1a
pENTR4/gRNA-SW14) dugc giai trinh ty Nu (muc 2.3.1.12) lan luot bing mdi
pEN-F va pEN-R bdi cong ty Marcorgen.
2.3.4.3. Thiét ké cau trisc T-DNA chinh sita SW-BT

CAu tric biéu hién sgRNA nhén biét dic hiéu SW-BT (goi tit 1a /U6:gRNA-
SW14]) dai 451 bp trén vector pPENTR4/gRNA-SW 14 duoc ghép ndi vao vector

BamH| / Kpnl/ Smal / Sacl

nhi phan pCas9 bang bo kit Gateway Cloning (Invitrogen) (Hinh 2.5).

Cas9 X Cas9-R
Cas9-F
Ubi-t-F — +— NOS-t-R

Hinh 2.5. So' dd vector pCas9
Ghi chii: (LB) Bién trdi; (RB) bién phdi; (ccdB) gen chon loc gdy doc té bao; (CmR) gen
chon loc khang chloramfenicol; (attR1, attR2) vi tri nhdn biét cia clonase LR; (Ubi)
promoter Ubiquitin; (35S) promter 35S; (Hyg R) gen chon loc HPT khang hygromycin,
(Ter) ving két thiic phién ma; (NOS) viing két thiic phién ma Nopaline synthase. Mii tén
(—) thé hién vi tri ciia cdc moi.

Mot tram nanogam vector pCas9 va 150 ng vector pPENTR4/gRNA-SW14
dugc tron déu véi 7 pL dém TE va 0,5 pL LR clonase; hdn hop duoc u & 25°C
trong mot gio, sau d6 dugc bd sung thém 0,5 pL Proteinase K va o & 37°C trong
10 phiit. San pham phan tng tai t6 hgp DNA dugc bién nap vao vi khuan E. coli
DH5a (muc 2.3.1.10); thé bién nap duogc sang loc bang phuong phap PCR tryc tiép
khuan lac (muc 2.3.1.8) voi cap mdi U6-F/ gRNA-SW14-R (Phu lyc 4). Plasmid
duogc tach chiét tir khuan lac dwong tinh (muyc 2.3.1.3) va dugc kiém tra bang ki
thuat PCR (muc 2.3.1.8) v6i cip modi Ubi-t-F/NOS-R (4,3 kb); Cas9-F/Cas9-R (4,1
kb), U6-F/Ter-R (451 bp), U6-F/gRNA-SW14-R (276 bp). Vector tai to hop (goi
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tat 1a pCas9/gRNA-SW14) duoc giai trinh tu Nu (muc 2.3.1.12) bang mdi Ubi-t-
R boi cong ty Marcorgen.
2.3.5 Tao dong lia BT7 chinh sira SW14-BT
2.3.5.1. Tao chung A. tumefaciens mang vector pCas9/gRNA-SW 14

Vector pCas9/gRNA-SW14 dugc bién nap vao vi khuan A. tumefaciens
EHA105 bang phuong phap sdc nhiét (muc 2.3.1.10b). Thé bién nap duoc sang
loc bang PCR tryc tiép khuan lac (muc 2.3.1.8), str dung cip mdi U6-F/Ter-R (Phu
luc 4, Hinh 2.4). Khuan lac mang pCas9/gRNA-SW 14 duoc nudi cdy va bao quan
& -80°C dé str dung cho cac nghién ctru chuyén gen tiép theo.
2.3.5.2. Chuyén cdu triic T-DNA chinh sita SW14-BT vdo giong liia BT7

Chuan bi nguyén liéu thuc vat va nguyén liéu vi khudn (Khuan lac duong
tinh dugc bao quan & -80°C & trén) st dung cho thi nghiém chuyén gen vao lda
BT7 theo quy trinh chuyén gen IE (muc 2.3.2.2a) véi cac diéu kién nudi cay va
thanh phan moi trudng d tdi wu (muc 2.3.2.2b-d; Phu luc 3). S6 miu sdng sot/phat
trién sau mdi giai doan chuyén gen duoc ghi lai. Thi nghiém chuyén gen dugc thuc
hién véi 3 16, mdi 16 sir dung 300 IE. Cac cay lua tai sinh c6 bo ré hoan chinh dugc
huén luyén thich nghi theo k¥ thuat mé ta & muyc 2.3.2a) dugc trong trong diéu kién
nha ludi dé tiép tuc str dung cho thi nghiém phan tich kiéu gen.
2.3.5.3. Sang loc dong lia BT7 chinh sira SW14-BT thé hé Tp
a) Xac dinh kiéu gen cta cac dong lta BT7 tai sinh thé hé To

Cay lua BT7 tai sinh sinh truong binh thudng trong diéu kién nha ludi duoc
tach chiét DNA tong s6 (muyc 2.2). Mau DNA duoc str dung cho PCR (muc 2.3.1.8)
v6i chu trinh nhiét 94°C — 30 gidy, 56°C — 30 gidy, 72°C - 30 gidy) x 35 chu ky, su
dung cac cap mdi Actin-F/Actin-R, HPT-F/HPT-R, Cas9-F/Cas9—t-R va Ubi-
F/gRNA-SW14-R (Phu luc 4, Hinh 2.4). S4 ban sao cua gen chuyén duoc xac dinh
bang Realtime PCR theo phuong phéap cta Zhang et al. (2003). Phan tng qPCR
duoc thyc hién véi chu trinh nhiét (94°C — 15 gidy, 60°C — 30 gidy, 72°C - 30 giay)
x 40 chu ky, sir dung cip moi HPT-F/HPT-R véi tham chiéu 13 dong lua chuyén
gen OsDREBIA mang mot ban sao cau trac T-DNA. Céc cay lta tai sinh c6 két
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qua PCR duong tinh vdi ca 4 cdp moi va c6 mot ban sao ciia T-DNA duoc st dung
cho phan tich tiép theo.

Dot bién trén SW14-BT cua cac dong lua chuyén gen dugc xac dinh bing
T7 endonuclease I [162]. Mot phan SW14-BT (711 bp) cua cac dong laa chuyén
gen va khong chuyén gen dugc nhan ban bang PCR (muc 2.3.1.8) v&i cip mdi
SW14-t-F/SW14-t-R (Phu luc 4). San pham PCR tir cdy lua chuyén gen va cdy lua
khong chuyén gen duogc dién di trén gel agarose (muc 2.3.1.5) va tinh sach (muc
2.3.1.6). San pham PCR tinh sach tir cay laa BT7 khong chuyén gen duoc 1an luot
tron 1an voi san pham PCR tinh sach tir cac dong ltia chuyén gen theo ti 18 1:1. Hon
hop dugc xir 1y voi T7 endonuclease I (T7E1) ¢ 37°C trong 30 phut; san pham cét
gidi han duogc dién di kiém tra trén gel agarose (muc 2.3.1.5). Cac cdy lia mang
d6t bién s& cho két qua PCR dwong tinh, v6i su xuat hién cua 3 bang o kich thudce
mong doi 1a (711 bp, 410 bp va 301 bp), duoc str dung cho cic nghién ctru tiép
theo. Sir dung ddi chung (+) 1a san pham PCR cuia vector pCas9/gRNA-SW 14 véi
cip mdi SW14-t-F/SW14-t-R (711 bp) troén v6i san phdm PCR cia vector
pENTR4/gRNA-SW14 v6i cip modi U6-F/Ter-R (451 pb); Dbi chimg (-) 1a san
pham PCR ctia pCas9/gRNA-SW14 véi cap mdi SW14-t-F/SW14-t-R (711 bp).

San pham PCR (711 bp) tinh sach tir cac dong laa BT7 mang dot bién trén
SW14-BT duoc giai trinh ty Nu (muc 2.3.1.12) bang hai mdi SW14-t-F va SW14-
t-R. Két qua giai trinh ty dugc xir 1i bang phan mém BioEdit 4.0 dugc phan tich
bang phan mém CRISPR ID v1.1.
b) Danh gi4 kiéu hinh cac dong la chinh stra gen thé hé To

Céc dong lua BT7 chinh sira SW14-BT duoc trong trong chau (dudng kinh
20 cm) trong diéu kién nha ludi (nhiét do trung binh 28°C, do am 70%, anh sang
tu nhién) va danh gia sinh truéng théng qua céac chi tiéu: sé nhanh/khom, chiéu
cao cdy va sd hat chic theo Hé thdng danh gia chuan cho lta (IRRI, 2013). Cay
laa BT7 tai sinh khong chuyén gen T-DNA va cdy laa BT7 trong tir hat nguyén
ban dugc st dung lam ddi chung. Hat tir cac dong lua chinh stra SW14-BT dugc

thu lai va bao quan ¢ 4°C (thé hé T)).



63

2.3.5.4. Sang loc dong lia BT7 chinh sita SW14-BT thé hé T
a) Xac dinh kiéu gen dong laa BT7 chinh sira SW14-BT thé hé T,

Hat laa T dugc rira bang nudc va khir tring bang Javen 2% trong 20 phut
va rira lai bang nudc cit, sau d6 duoc ngdm trong nudc va i & 37°C trong 3 ngay.
Hat nay mam duoc trong trén khay dit trong diéu kién nha ludi. La cay con (14
ngay tudi) dugc sir dung dé tach chiét DNA tong sé (muc 2.2) va kiém tra bang
PCR nhu di mé ta & trén (muc 2.3.5.3a). Cac dong lua c6 két qua PCR duong tinh
v6i cap mdi Actin-F/Actin-R va 4m tinh vdi ca ba cap mdi HPT-E/HPT-R, Cas9—
F/Cas9—t-R va U6-F/gRNA-SW-R duogc lya chon cho thi nghiém tiép theo.

Mot phan SW14-BT (711 bp) duoc nhan ban bang PCR tir cac dong lua BT7
T, va gii trinh tw Nu dé xac dinh dot bién twong ty nhu ¢ da thyc hién thé hé To
(myc 2.3.5.3a).

Sy phan ly kiéu gen (cdu trac T-DNA va dot bién trén SW14-BT) trong cac
dong lia BT7 dugc phén tich bang kiém dinh 4. Trong d6, kiém dinh y> duogc danh
gi4 voi ty 18 phan ly mong doi 13 3:1 ciia S6 dong c¢6 két qua PCR duong tinh : S6
dong c6 két qua am tinh véi 3 cap mdi dic hiéu véi gen HPT, sgRNA, va Cas9 dé
phan tich sy phén 1y ctia cu tric T-DNA; va kiém dinh 2 dugc dénh gia véi ty 18
phan ly mong doi 1a 1:2: 1 cua ty 1é giita SO cay T kiéu gen 1: S6 cay Ti kiéu gen
2: S cay Ty kiéu gen 3 tir cing mot dong cay To dé phan tich sy phan ly cta dot
bién trén SW14-BT.

b) Danh gid kiéu hinh cic dong lua chinh stra gen thé hé T,

Céc dong lta BT7 chinh sira SW14-BT T dugc trong trong diéu kién nha
lu6i dé danh gia sinh truong theo Hé théng danh gia chuan cho lua (IRRI, 2013)
thong qua cac chi tidu: sé nhanh/khém, chidu cao ciy va sb hat chic (muc
2.3.5.3b). Cay laa BT7 trong tir hat nguyén ban duoc sir dung 1am déi chung. Hat
ctia cac dong laa BT7 khong chtra cau trac T-DNA va mang dot bién SWI14-BT &
dang déng hop dugc thu lai va bao quan & 4°C cho thi nghiém tiép theo (thé hé
T2).
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2.3.6 Ddnh gid dic diém néng hoc va tinh khdng bénh bac ld ciia dong liia BT7
chinh sira SW14-BT
2.3.6.1. Pdanh gia dic diém néng hoc cia cdc dong liia BT7 chinh siea SW14-BT
1>
Hat cta cac dong laa BT7 dot bién SW14-BT (thé hé T1) dugc cho nay mam
va gieo trong trong diéu kién nha ludi nhu muc 2.3.5.4a. Nam ciy tir mdi dong lta
dugc chon ngiu nhién dé danh gia cac chi tiéu nong hoc, bao gdm thoi gian sinh
trudng, chiéu cao, sb nhanh, sb hat chéc/béng, nang suét c4 thé va ham lugng
amylose theo Hé théng danh gia chuan cho laa (IRRI, 2013). Ham luong amylose
trong hat duoc danh gia theo phuong phéap cua Juliano ef al. (1971) [72]. Cu thé,
hat Iua duoc boc vo, lam tréng, nghién nhd. Mot tram mg bot duoc bd sung thém
1,0 mL ethanol 95% va 9 mL NaOH 1,0 N. Hon hop dugc dun soi & 100°C trong
10 phiit va bo sung thém nudc cat dén thé tich 100 mL. Nam mL dung dich duoc
tron déu véi 1,0 mL CH;COOH 1 N va 2 mL dung dich i-6t. Nudc cat duge bd
sung vao hdn hop dén tong thé tich 100 mL; hdn hop duoc u & 30°C trong 20 phut
va do ODe20nm trén may do quang phd va dbi chiéu gia tri voi bang qui ddi dé xac
dinh ra ham lugng amylose.
2.3.6.2. Nghién ciru biéu hién ciia OsSWEETI4 trong cdc dong lia BT7 chinh sira
SWIi14-BT T
Céc cay laa BT7 dot bién SW14-BT duoc 1ay nhiém lan lugt v6i 3 ching
VXO 11, VX0 60 va VXO 96 bang phuong phap tiém 14 va phan tich biéu hién
OsSWEETI4 theo m6 ta & trén (muc 2.3.3.4 va 2.3.3). Ba cay lua tir mdi dong duoc
lya chon ngau nhién cho thi nghiém lay nhiém nhan tao. Cay lia BT7 tréng tur hat
nguyén ban (khong chinh stra gen) dugc sir dung lam ddi chimg 4m. Thi nghiém
RT-PCR duoc lap lai 3 lan trén mdi cay.
2.3.6.3. Panh gia kha nang khang bénh bac la cua dong lia BT7 chinh sira SW14-
BT T>
Céc cay lta BT7 dot bién SW14-BT duoc 1ay nhiém lan luot véi 3 ching
VXO 11, VXO 60 va VXO 96 bang phuong phép cét 14 va phan tich biéu hién
OsSWEETI4 theo mo ta ¢ trén (muc 2.3.3 va 2.3.3.3). Cay lta BT7 khong chinh
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stra gen dugc sir dung 1am d6i chimg. Kha ning khang bac 14 duoc danh gia theo

thang diém cua Mishra (2013) [102] trong diéu kién nha ludi (Bang 2.1).

Bang 2.1 Thang diém danh gia tinh khang bénh bac 1a

Chiéu dai vét bénh (cm) Mo ta
0-5 R — Khang
5-10 MR — Khang nhe
>10 S — Man cim

2.4 Phwong phap xir 1y s6 liéu

S6 liéu dugc thu thap va phan tich phuong sai mot nhan té One-way
ANOVA). Cac gia tri trung binh cua céc cong thirc trong cung thi nghiém dugc so
sanh sy sai khac theo kiém dinh Duncan’s multi range test (a = 0,05). Bang s6 lidu
trinh bay gia tri Mean (SD-Standard deviation) ctia mdi cong thirc trong timg thi
nghiém. Phan tich kiéu gen Phan ly kiéu gen duoc thuc hién phan tich mo ta bang

kiém dinh y? (Crosstabs). Sé liéu duoc xir Iy bang phan mém SPSS 20.
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Chuwong 3. KET QUA NGHIEN CUU VA THAO LUAN
3.1 Nghién ctru xdy dung quy trinh chuyén gen vao IE giong lia BT7

Mot quy trinh chuyén gen hiéu qua (thong qua vi khuan A. tumefaciens) 1a
diéu kién tién quyét dé tmg dung dugc cong nghé chinh sira gen CRISPR/Cas9
trén cdy laa. Do ban chat di truyén va dic diém riéng cua ting giéng, qua trinh
nudi ciy in vitro cia mdi giéng lua s& c6 nhitng dic thu khac nhau, dic biét doi
v6i cac gidng lta indica nhu BT7. Mic du quy trinh chuyén gen vao IE lua thong
qua vi khuan 4. tumefaciens cua Hiei (2008) di duoc 4p dung thanh cong ¢ mot
vai giéng l0a indica [57] nhung hiéu qua khi ap dung trén giébng BT7 lai rat thap
(s6 liéu khong trinh bay). Bén canh d0, quy trinh chuyén gen vao lta BT7 st dung
phoi truéng thanh cua Cao Lé Quyén va cong sy (2019) dat hi¢u suit kha cao [16]
nhung do kho kiém soat duoc su déng nhét cta vat liéu ban dau (hat lba/phoi
truong thanh) nén cting c6 madt vai kho khan nhét dinh khi ap dung. Vi vay, dé tao
diéu kién thuan loi cho viéc tng dung cong nghé chinh sira gen CRISPR/Cas9 trén
gidng lta BT7, nghién clru téi wu quy trinh chuyén gen thong qua vi khuan A.
tumefaciens vao gidng lta BT7 sir dung IE tir hat non gidng lta BT7 d duoc thuc
hién dua trén nén quy trinh chuyén gen vao cac giéng lta indica ctiia Hiei (2008)

[57] va quy trinh chuyén gen IE vao giéng ltia IR64 ciia Slamet (2014) [124].
3.1.1 Téi wu hé thong tdi sinh in vitro tir IE cho giong lita BT7

Hé théng tai sinh in vitro toi uu 1a mot trong nhing diéu kién quan trong dé
chuyén gen thanh cong & thyc vét [4]. IE cua cac gidng lua khac nhau c6 dic diém
(kich thudc, strc séng, kha nang hinh thanh mo seo) khac nhau. Vi vy, trén co s¢
cac quy trinh dd cong b trude day [16, 57, 124], mot sd yéu t quan trong cia quy
trinh nuéi cdy IE in vitro, bao gdm thdi gian khir tring hat 1da non, ché d6 anh
sang va thanh phan chét diéu hoa sinh trudng trong méi trudng nudi cy, di dugc

khao sat nham xac dinh nhitng diéu kién nudi ciy phu hop nhét cho giéng laa BT7.
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3.1.1.1. Pdnh gid anh heong cua thoi gian xi Iy NaOCI dén kha ning séng sot
ciia IE giong lia BT7

Pé danh gia anh hudng cua thoi gian khir tring mau bang NaOCl 1,0% ddi

voi su phat trién cua IE, hat non lta BT7 & giai doan 8 — 10 ngay sau thy phén

duogc khao sat véi cac khoang thoi gian xtr 1y khac nhau. Ti 18 IE sdng sot (phat

trién binh thuong, khong bi nhidm vi sinh vat), chét va nhiém vi sinh vat duoc xac

dinh sau 10 ngay nudi cy trén moi truong dinh dudng.

Biang 3.1 Hiéu qua khir trang NaOCl 1,0% déi véi hat non giong lia BT7

Thoti gian xw 1y (phut
Chi tiéu theo di g y (phut)

3 5 8 10
Ti 18 IE séng sot (%) 70,08,7)7  85,0(50)0  633(2,9°  40,0(13,2)
Ti 1¢ IE chét (%) 3,3(2,9)¢ 3,3(2,9¢  283(5.8)°  55,0(13,2)
Ti 1¢ IE nhidm (%) 26,7(11,5°  11,7(5.8)° 8,3(7,6)" 5,0(5,0)°

Ghi chii: S6 liéu trinh bay trong bang la gid tri trung binh ciia 3 lan thi nghiém, gid tri trong
ngodc thé hién dé léch chuan. Cac chik cdi khdc nhau trong cung hang thé hién su sai khdc
c0 y nghia (0=0,05).

Két qua & Bang 3.1 cho thiy cong thirc thoi gian xtr 1y 5 phut cho ti 1¢ IE
song sot cao nhat (85%) va sai khac cd y nghia véi cac cong thirc con lai trong thi
nghiém. Theo két qua phan hang Duncan’s test, ti 1¢ nhiém ndm/vi khuéan cua cac
IE chi phan thanh 2 hang. Ti 1¢ nhiém ning nhat & cong thirc thoi gian xir Iy 3 phut,
trung binh 26,67% mau bi nhiém vi sinh vat (ndm tring va vi khuan hong). Mic
du, viéc tang thoi gian xir Iy NaOCI 1% gitp giam dang ké ti 1¢ IE nhiém vi sinh
vat, tuy nhién ty 18 mau chét ciing ting rd rét. IE bi den va ndy mam kém di khi xir
1y NaOCl 1% vdi thoi gian trén 8 phat. Hon 50% IE da chét ¢ khi xir 1y hat non
BT7 v61 NaOCl 1% trong thoi gian 10 phat.

NaOCl 1a chét khir tring mau kha pho bién trong nuéi ciy in vitro thuc vat
. Tuy nhién, moi loai thuc vat khac nhau, vat liéu nudi céy khac nhau thich hop
v6i mirc ndng d6 NaOCl xir 1y khac nhau. Trong thi nghiém nay, ti 1& IE chét kha
cao khi ting thoi gian xtr Iy NaOCl 1% dbi véi hat lua non giéng BT7. Diéu nay

cho thay IE giéng BT7 kha min cam véi cac tac dong bén ngoai, dic biét 1a chat
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khur trung NaOCl 1%. Tuy nhién, ngoai anh hudng bdi thoi gian xu 1y khir trung,
kha niang séng sot va phat trién cta IE trong thi nghiém nay ciing c6 thé bi anh

hudng cac tac dong co hoc trong qué trinh thao tac véi [E. Vi vay, trinh d0 ki thuat

cua nguoi lam thi nghiém cling 1a mot yéu to can luu y khi thuc hién nu6i cay in

vitro 1E lua BT7.

Hinh 3.1 Sy phit trién ciia IE BT7 sau khi khir tring bang NaOCl 1%
Ghi chii: IE ciia giong lia BT7 sau 7 ngdy nudi cdy in vitro trén méi truong N6. (A) Phéi
non song, (B) Phéi non bi nhiém; (C) Phéi non chét sau khi dwgc xir Iy NaOCI 1%,

Tém lai, két qua khao sat trong thi nghiém nay cho thiy 5 phut 1a khoang
thoi gian thich hop nhit dé xtr 1y hat non (thu vao thoi diém 8-10 ngay sau thy
phan) giéng BT7 bang NaOCI 1%, cho ti 18 IE sdng cao nhat, dat 85% (Hinh 3.1).
3.1.1.2. Pdnh gid anh hwéng cia anh sing dén mé seo phdt sinh tir IE ciia giong

lua BT7

Dé danh gia anh hudng ciia anh sang d6i voi kha nang hinh thanh mé seo
tir IE cua laa BT7, IE da duoc nudi ca?'ly trén mai trudong tao mod seo theo 2 diéu
kién: (1) nudi cay trong t6i hoan toan va (2) nudi cay dudi anh sang gian dén &
phong nudi. Két qua quan sat sau 30 ngay nudi cdy (Hinh 3.2), ti 16 mé seo ting
sinh & mau céy nuoi trong tbi dat 86,7%, cao hon rd rét so v6i mau céy nuoi dudi

gian deén (65%) (Bang 3.3).
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Bang 3.2 Anh hwéng ciia anh sang dén ti 1¢ ting sinh ciia mé seo

o .. Nubi cAy mo seo phat sinh tir IE
Chi tiéu theo doi

Ngoai sang Trong tdi

Ti 1& m6 seo ting sinh (%) 65,0(5,0)° 86,7(2,9)"

Ghi chii: S6 liéu trinh bay trong bdang la gid tri trung binh ciia 3 lan thi nghiém; gid tri
trong ngodc thé hién d@é léch chudn. Céc chir cdi khdc nhau trong cung hang thé hién su
sai khéc c6 y nghia (0.=0,05).

Nhu véy, sau budc tién nudi cay IE (7 ngdy) trong diéu kién ti hoan toan,

mau tiép tuc duoc nudi cdy ¢ trong téi di cho thiy kha ning ting sinh manh hon
dang ké so voi mau duoc chuyén ra nudi ngoai sang (Hinh 3.2). Piéu nay ching
t6 anh sang co tac dong tiéu cuc dén kha ning tao va ting sinh clia mo seo.

Trong cac quy trinh nudi cdy IE ciia mot s6 gidng lta indica da cong bd
trude day, mau IE dugc chuyén ra nudi cdy ¢ diéu kién anh sang 5000 lux dé tao
mo seo (sau 7 ngay dau tién dong nudi cdy IE voi khuan trong diéu kién t6i) [57,
124]. Tuy nhién, két qua khao sat trong nghién ctru nay da cho thay viéc nudi cdy
trong diéu kién t6i hoan toan giup IE ctia gidong laa BT7 tao mé seo t6t hon so véi

khi nudi cay trong di€u kién chiéu sang. Pay la diém khac bi¢t dang ké so véi céac

quy trinh da cong bd cua cac tac gia khac.

Hinh 3.2 Tao mb seo tir IE gidng lia BT7
Ghi chii: M6 seo tao thanh tir IE giong lia BT7 sau 30 ngady nuéi cdy & cdc diéu kién anh
sang khdc nhau. (A) IE dwoc nudi cdy dudi anh sang 3000 lux; (B) IE dwoc nudi cdy
trong toi hodan todn.
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Tiép theo, dé danh gia ro0 hon tac dong ctia dnh sang dén chat lugng mo seo
tao thanh tir IE gidng lua BT7, mau mé seo thu duoc tir hai cong thirc thi nghiém
(nudi cdy trong toi va nudi cdy dudi anh sang 3000 lux) dugc chuyén sang moi
truong tai sinh va cting nudi cdy dudi diéu kién chiéu sang 16h/ngay. Két qua cho
thay ti 16 mo seo tai sinh chdi sau 30 ngay nudi ciy cia mau cay nudi trong t6i dat
75% véi ti 18 2,9 chdi/md seo. PSi voi mau mé seo nudi cdy dudi anh sang, ti 16
mo seo tai sinh thu duoc thdp hon (61,7% so voi 75%), nhung co ti 1& chdi tai

sinh/md s¢o cao hon (3,6 so vai 2,9) (Bang 3.3).

Bang 3.3 Anh hwéng ciia 4nh sang dén chét lwong md seo

Nudi cAy md seo phat sinh tir IE

Chi tiéu theo doi

Ngoai sang Trong tbi
Ti 1& m6 seo tao chdi” (%) 61,7(2,9)° 75,0(5,0)
S6 chdi/mé seo 3,6 (0,4)* 2,9 (0,1)°

Ghi chii: S6 liéu trinh bay trong bdang la gid tri trung binh ciia 3 lan thi nghiém; gid tri
trong ngodc thé hién dé léch chuan. Cdc chiv cdi khdc nhau trong cung hang thé hién sy
sai khdc c6 y nghia (0=0,05). "Ti Ié mé seo tao choi = (S6 mé seo phdt sinh choi/ s6 mé
seo tang sinh thu dwoc) x 100%.

Két qua thu duge cho thdy, rd rang viéc nudi ciy mé seo cta IE gidng BT7
hoan toan trong t6i hidu qua hon so v&i viée chuyén nudi ciy méo seo ra nudi cay
dudi anh sang gian dén 3000 lux. Nhiéu két qua nghién ctru trude day da cho thiy
nudi cay trong diéu kién tdi hoan toan 1a diéu kién bat budc dé tao mé seo ddi véi
hau hét cac dbi tuong thyc vat mot 1a mam nhu lta mach [56], lua mi [63], ngd
[105], cling nhu cho giai doan chon loc m6 seo ¢ lGa khi thyuc hién chuyén gen [4,
15]. Tuy nhién, theo quy trinh ctia Slamet er al. (2014) va Hiei (2008), chi giai
doan dong nudi ciy IE voi 4. tumefaciens (tao md seo) duoc thuc hién trong tdi;
sau 7 ngay dong nudi cdy, mo seo tao thanh tir IE dugc chuyén nudi cdy ¢ didu
kién chiéu sang tuong Umg cua 2 quy trinh 13 3000 lux va 5000 lux dé nudi cdy
phuc héi va chon loc mé seo mang gen khang (tong thoi gian 12 40 ngay) [57, 124].
O mét s6 doi tuong cay tréng khéc, ti 1¢ mau cam Ung tao md seo, ti 1& chdi tai
sinh va s chdi/mé seo clia mau ciy thu duge khi nudi cdy mau trong diéu kién

chiéu anh sang tring cling déu vuot troi (gap tir 1 — 2 1an) hon so v6i nudi cdy
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trong t6i [122]. Két qua thu duoc cua chung toi trong nghién ciru ndy lai cho thiy
nudi ciy IE gidng lta BT7 trong diéu kién t6i thich hop hon so véi trong diéu kién
chiéu sang. Diéu nay c6 thé giai thich rang ham lugng hormone ABA ndi sinh cuia
gidng lta BT7 da tang sinh hodc phat huy tac dung khi mau ciy dugc nudi dudi
anh sang gian dén, gay han ché sy cam tng va ting trudng cia mo seo [113].

Tir két qua thu duge cua thi nghiém, chung toi két luan dé IE gidng laa BT7
cam (mg tao mo seo va ting sinh tdt, nudi cay trong toi thich hop hon so véi nudi
ciy dudi 4nh sang gian dén. Nhu vay, ddy 1a mot cai tién k¥ thuat quan trong cho
quy trinh nuéi ciy IE lta BT7 so v6i quy trinh chuyén gen vao IE l4a indica trudc
day.
3.1.1.3. Pdnh gid anh hwéng ciia chat PHST dén kha nang tdi sinh chéi tir mé seo

tao thanh tir IE ciia giong lia BT7

Dé t6i uu thanh phan mai trudng (hormone két hop véi nudce dira) phuc vu
nudi cdy tai sinh chdi tir méd seo tao thanh tir IE cua gidng BT7, bdn cong thirc
(RW1-RW4) da duogc lan luot khao sat. Két qua thu duoc cho théy, ti 1€ mo seo tai
sinh chdi & tat ca cac cong thirc déu dat trén 60% (Bang 3.4) . Diéu nay cho thiy,
viéc su dung moi truong co6 ti I¢ cytokinine ngoai sinh/auxin ngoai sinh > 1,0 dam
bao tinh hiéu qua dé tai sinh chdi tir mo seo dbi voi gidng lta BT7. Tuy nhién, s6
mé seo tai sinh chdi va s chdi/mé seo tang 1én dang ké khi ti 18 gitta 2 loai
hormone nay giam xudng (RW1 so véi RW2; RW3 so voi RW4). Hon nita, viéc
b6 sung thém thanh phan nuéc dira cling anh hudng rd rét dén kha ning tai sinh
chdi cia mé seo. Cu thé, khi so sanh gitra 2 cdp cong thirc RW1 voi RW3 va RW2
vo1 RW4, ti 1€ mo seo tai sinh chdi va/hoac sb choi trung binh thu dugc trén moi
mo seo déu cao hon & cong thirc (RW3 va RW4) ¢6 str dung nhiéu nudc dira hon
(20%). Ti 1é mo seo tai sinh chdi cao nhét va s6 chdi/mo seo cao nhit quan sat
duogc & thi nghiém st dung cong thirc RW3, véi sy khac biét c¢6 y nghia théng ké

s0 v6i 3 cong thire con lai.
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Bang 3.4 Anh huéng cia CPHST va nwéc dira dén kha ning tai sinh choi
BAP NAA CW Tilé mo seo tai

Cong thire (mg/L) (mg/L) (%) sinh chdi (%) S0 ch0i/mo seo
RW1 2,0 0,2 10 73,3 (2,9)° 2,0 (0,4)¢
RW2 2,0 0,4 10 70,0 (5,0) 2,3 (0,1)
RW3 2,0 0,2 20 85,0 (5,0)* 3,2 (0,2)°
RW4 2,0 0,4 20 63,3 (5,8)° 3,0 (0,2)

Ghi chii: S6 liéu trinh bay trong bdang la gid tri trung binh cua 3 lan thi nghiém; gid tri
trong ngodc thé hién dé léch chuan. Cdc chir cdi khdc nhau trong cung cot thé hién su
sai khdc c6 y nghia (a=0,05). "Ti Ié mé seo tao chéi = (S6 mé seo phat sinh choéi/sé mé
seo nuoi céy) x 100%. (CW) nuoc dua.

Trong nghién ctru ctia Slamet (2014), moi truong tai sinh tr mo seo IE cua
gidng lua IR64 sir dung 5 mg/L NAA va 2 mg/L Kinetin [124]. Tuy nhién, BAP
da dugc chirng minh 1a loai hormone ngoai sinh thuéc nhém cytokinin thich hgp
hon ca khi nudi cy tai sinh chdi tir mo seo phdi truong thanh & giong lua BT7
[15]. Hon nia, ti 18 cytokinin/auxin >1 va c6 bd sung nudc dira 1a nhitng yéu t6 c6
anh huong dang ké dén ti 16 mu tai sinh chdi tir phoi hat trudng thanh ¢ giéng laa
BT7 [15]. Két qua thu duoc trong nghién ctru nay di cung ¢ thém cho nhiing phat
hién nay, véi ti 1é mo seo tai sinh dat >60% va s ch6i/md seo dat > 1,95.

Theo George et al. (2008), nudc dira duoc xac dinh 14 rat giau cac hop chit
hitu co, chit khoang va chit kich thich sinh trudng [54]. Do vay, thanh phan nay
thudng duge bd sung vao méi trudng nudi cdy dé kich thich phan héa va nhan
nhanh chdi & nhiéu loai cdy. Pay ciing 1a thanh phan khong duoc dé cép dén trong
quy trinh chuyén gen vao IE cua gidng laa IR64 di duoc cong bd [57, 124]. Tuy
nhién, nghién ctru nay da chimg t6 viéc bd sung nudc dira vao thanh phan moi
truong c6 hidu qua rat tdt, gitp ting dang ké kha nang tai sinh chdi ctia nhimg mé

seo duoc tao thanh tr IE giéng lua BT7.
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Hinh 3.3 Tai sinh chdi tir md seo tao thanh tir IE ciia gidng lia BT7

Ghi chii: M6 seo tao thanh tir IE ciia giong lia BT7 dwoc nudi cdy trén méi truong tdi
sinh chéi véi cdc thanh phan méi trirong khdc nhau (RW1 — RW4). Hinh dnh dwoc ghi lai
sau 30 ngay nudi cdy mé seo trén méi trieong tdi sinh.

Nhu véy, chat DPHST va ham luong nude dira cho ti 1¢ tai sinh choi cao tir
mo seo IE cua gidng laa BT7 di dugc xac dinh. Cong thitce RW3 ¢6 chira BAP 2
mg/L, NAA 0,2 mg/L va nudc dira 20% (v/v) cho hi€u qua tai sinh chdi cao nhét,
dugc str dung cho cac nghién ciru tiép theo.
3.1.2 Téi wu quy trinh chuyén gen vao IE ciia giong lia BT7 thong qua vi

khudn A. tumefaciens
3.1.2.1. Pdnh gid anh hieong ciia mdt do vi khudn va thoi gian dong nudi cdy dén

hiéu qua chuyén gen vao IE giong liia BT7

Mat do vi khuén A4. tumefaciens, vat li¢u thuc vat va thoi gian déng nuoi
ciy 1a nhitng yéu t6 anh hudng déng ké dén hiéu qua cta qua trinh chuyén gen. Sy
tang sinh ctia vi khuan thuong ti 18 thuan véi mat d6 vi khuan dung dé 1ay nhidém
va thoi gian dong nudi cdy. Dé tdi wu budc 1ay nhiém thoi gian dong nudi ciy IE
giong lta BT7 véi vi khuan A. tumefaciens, cac mat do vi khuan A. tumefaciens
(OD6oonm) va thoi gian dong nudi cay IE khac nhau da duoc khao sat trong thi
nghiém nay.

Két qua khao sat (Bang 3.5) cho thdy mat do vi khuan A. tumefaciens va
thoi gian ddng nudi cay c6 tac dong dang ké dén hiéu qua chuyén gen vao IE gidng
laa BT7. S6 IE tao md seo c¢6 xu hudéng giam dan khi mat do vi khuan (gia tri

ODsoo) va thoi gian dong nudi cdy ting.
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Bang 3.5. Anh hwéng ciia mat d vi khuén va thoi gian dong nudi cdy dén
hiéu qua chuyén gen vao IE giong lia BT7

. S6 mé seo song sot sau chon loc Sé mé S6 cay
Cong So IE tao mo seo thi mang
thirel s¢o Chgonlgc1 Chgonlgc2  Chonlgc3 ;inh geI:

chuyén2

AD1 47,7 (0,6)* 22,0 (2,7 7,3 (3,1)° 0 - -
AD2  43,0(1,0)° 17,0 (1,0)° 6,3 (0,6)" 0,3 (0,6)° 0 -
AD3 39,3 (1,2) 15,0 (1,0)° 11,3 (2,1) 83 (1,7 8342 3.3(1.,5)
AD4 343 (1,5)¢ 9,3 (1,5)° 3,0 (3,5)% 0 - -
ADS5 24,7 (1,5) 2,0 (1,0)¢ 0 - - -
AD6 17,7 (2,5)f 0 - - - -

Ghi chii: "Mt @6 khudn A. tumefaciens ODgpoum & cong thitc ADI & AD2, AD3 & AD4
va AD5 & ADG lan heot 1a 0,1, 0,3 va 0,5; thoi gian dong nudi cdy ¢ céng thirc AD1, 3
& 71a 5 ngay, AD2, 4 & 6 la 7 ngay. °S6 cdy tdi sinh cé két qua PCR dwong tinh véi cap
moi déc hiéu cho gen chon loc HPT. So liéu trinh bay trong bang la gid tri trung binh
ciia 3 lan thi nghiém, gia tri trong ngodc thé hién dé léch chuan. Céc chit cdi khac nhau
trong ciing cot thé hién s sai khdc cé y nghia (a=0,05).

Pong thoi, sau giai doan dong nudi cdy, ti 1& IE nhiém vi khuén A.
tumefaciens ting dan theo thr ty cac cong thuc tir AD1-AD6. Quan sat trang thai
biéu hién cho théy trong khi IE c6 vét khuén bam nhe & bé mit dudi IE & cac cong
thirc AD1 va AD2 (ODeoo dat 0,1); mirc do khuén tang day ¢ cong thirc AD3 va
AD4 (ODgoo dat 0,3) va dan bao trum kin bé mit IE ¢ cong thic AD5 va AD6
(ODgoo dat 0,5) (Hinh 3.4A & B). Bén canh dé, & cac cong thuc thoi gian dong
nuoi céy 5 ngay (ADI1, AD3, ADS5), md6 seo c6 mau vang nhat. Nguoc lai, & céac
cong thirc thoi gian dong nudi cdy 7 ngay (AD2, AD4, AD6), mé seo hinh thanh
tir cac IE c6 biéu hién dan bi hoa nau den ¢ bé mit ngoai (Hinh 3.4C).

Vé6i ki thuat 1ay nhidm IE theo quy trinh chuyén gen laa 4p dung trong
nghién ctru ndy, viéc quan Iy mirc do nhiém I3 hét strc can thiét do IE 1a loai vat
lidu c6 strc song kém khi gap diéu kién bat lgi. Tuy nhién, viéc kiém soat qua mirc
su phat trién cta vi khuan A. tumefaciens c6 thé gay tac dung nguoc, lam giam
hiéu qua chuyén gen. Chinh vi vdy, cdc miu mo seo sau khi 1y nhiém va dong
nudi cdy véi cac cong thirc khic nhau da tiép tuc dugc theo doi biéu hién ¢ giai

doan nudi cdy trén méi trudng chon loc (Bang 3.5), két qua cho thiy theo thoi gian
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s0 md seo nhiém ngay cang giam, s6 mo seo chét ngay cang ting. O lan chon loc
dau tién, s6 lugng mo seo thu dugc khac biét va giam dan theo thir tu cac cong

thirc tir AD1 dén AD5 va khéng thu dugc mo seo sdng sét & cong thirc AD6.

Hinh 3.4. Pong nudi cdy IEs gidng lia BT7 véi A. tumefaciens

Ghi chii: IE duwoc ldy nhiém A. tumefaciens va dong nudi cdy trén méi trwong N6 voi cdc
cong thirc khdc nhau vé mdt dg vi khudn ODgoo va thoi gian dong nuéi cdy: (A) Cong thirc
AD3 (ODs00 0,3 - 5 ngay), (B) Cong thirc ADS5 (ODeo0 0,5 - 5 ngay),; (C) Cong thirc (ODsoo
0,3 - 7 ngay). Hinh anh dwoc ghi lai sau giai doan dong nudi cay.

Tiép theo, sau budc chon loc 2, sb lugng mo sgo & cac cong thic ADI,
AD2, AD4 giam dang ké va khong thu dugc mo seo séng sot & cong thire AD3.
Sé lugng mo seo séng sot sau budc chon loc 2 ¢ thi nghiém st dung cong thirc
AD?3 tuy ¢6 giam so véi chon loc 1 nhung sb lwong giam khong dang ké. Pay ciing
la cong thuac duy nhét thu dugc mé seo séng sot sau chon loc 1an 3 (dat trung binh
8,0 mo seo) va tai sinh. Ti 1é cay tai sinh mang cau triic T-DNA thu dugc & cong
thirc nay kha cao (> 40% cay tai sinh c6 két qua PCR duong tinh véi cap moi dic
hi¢u cua HPT); dat hi¢u sudt chuyén gen trung binh 5,6% (Béang 3.5).

Mat d6 vi khuan A. tumefaciens sit dung dé chuyén gen vao IE ¢ cac loai
thuc vét khac nhau hay cac gidng laa khac nhau trong cac cong bd trudc day kha
khac biét, tiry thudc vao kiéu gen va phuong thirc 1ay nhiém. Cung trén ddi tuong
IE giéng IR64, Hiei et al. (2008) 1ay nhiém IE trong dung dich vi khuan c6 gia tri
ODsoonm 1,0 trong thoi gian 15 phit va dong nuéi cdy trong 7 ngay [57]; trong khi
Slamet ef al. (2014) nho truc tiép dung dich vi khuan c6 gia tri ODgoonm 0,3 vao
IE va ddng nudi cdy trong 7 ngay [124]. Trong nghién ctru ndy, mic du st dung
cung phuong thirc 1dy nhiém nhu Slamet et al. (2014) (nho truc tiép dung dich vi
khuan 1én IE va ddng nudi cdy), két qua thu dugc ¢ cong thirc AD4 (ODgoonm 0,3
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va ddng nudi ciy trong 7 ngay) khong thu duge mo seo séng sot sau 3 1an chon
loc. Piéu nay co thé 1a do kich thudc IE Ita BT7 nho va yéu hon so véi IE cua laa
IR64.

Nhu vy, lay nhiém IE lta gidng BT7 véi dung dich vi khuan 4. tumefaciens
c6 gia tri ODgoonm 14 0,3 va ddng nudi cdy trong thoi gian 5 ngay 1a phu hop nhét
v6i IE cua gidng lua BT7, cho hiéu qua chuyén gen trung binh dat 5,55%.
3.1.2.2. Pdnh giG anh hudng cia tuéi phéi non dén hiéu qua chuyén gen vao IE

giong lia BT7

Qua trinh bién nap cau traic T-DNA cua vi khuan A. tumefaciens vao té bao
thuc vat thuong bi tac dong boi tudi mo/cdy, dang té bao, giai doan chu trinh té
bao va cac chi tiéu sinh 1y khac nhau. Phéi c6 kich thudc 16n c6 kha ning sdng sot
trong mdi trudng c6 vi khuan A. tumefaciens cao hon nhung kha nang tai sinh lai
kém hon [25, 135]. Thong thudng, tudi phoi duogc tinh tir thoi diém thy phan dén
30 ngay sau d6 (DAP - ngay sau thu phan), c6 lién quan dén kich thudc phoi va
dic diém sinh 1y sinh hoa twong tmg ctia phdi lia. Muoi ngay dau (0 - 10 DAP) 1a
giai doan biét hoa co quan, 10 ngay tiép theo (10 DAP - 20 DAP) 1a giai doan
truong thanh cua phoi va giai doan 20 DAP - 30 DAP la giai doan ngu nghi cua
phéi lta [64]. Pé nang cao hiéu qua cta ca qué trinh chuyén gen vao giéng lua
BT7, thi nghiém danh gia anh hudng cua tudi phoi dén hidu qua tai sinh va hiéu
sudt chuyén gen di duoc thiét 1ap.

Két qua nghién ciru (Bang 3.6) cho thay, tudi phdi c6 tic dong rd rét dén sy
tao thanh mo seo sau giai doan déng nuoi céy vé s6 mo seo thu dugce sau qua trinh
chon loc trén moi trudong chira khang sinh. Theo sb liéu quan sat duogc, cac chi )
nay & cong thirc tudi phoi 8-10 DAP thap hon 13 rét so v6i mie tudi 11-13 DAP
va 14-16DAP. Piéu nay c6 thé giai thich do kich thudc va trong lugng phoi thoi
diém 11-16 DAP 16n hon so v&i phoi & thoi diém 8-10 DAP nén kha ning tao mo

s¢o va suc song tot hon.
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Bang 3.6. Anh huéng ciia tudi IE dén hi¢u qua chuyén gen vao lia BT7

SO mo seo

Re " £ X , X A A A Lrs Sé ca
Tuoi ph6i SoOIE tao songsot S0 moéseo So cay tai man );n
(DAPY) mo seo sau chon tai sinh sinh gxg )

chuyén

loc
810 42,0(1,0°  6,7(1,2°  43(2,1)® 6,7 (2,3) 3,3 (1,5
11-13 48,3 (2,50  11,7(1,5°  6,7(0,6*  14,0(2,00  83(L5)°
14-16 51,0(1,7)  133(L5)°  3,0(2,00° 3,7 (1,5 0,7 (0,6)°

Ghi chii: 'Ngay sau thu phdn; 2S6 cdy tdi sinh cé két qua PCR dwong tinh véi cap moi dic
hiéu cho gen chon loc HPT. S6 liéu trinh bay trong bang la gid tri trung binh cua 3 lan thi
nghiém; gid tri trong ngodc thé hién do 1éch chuan. Cdc chir cdi khdac nhau trong cung cot thé
hién su sai khac co y nghia (0=0,05).
Theo Slamet ez al. (2014), tudi phoi thich hop dé chuyén gen 14 8 - 12 DAP
ddi véi giéng IR64. Thuc té, kich thudc hat va trong lugng 1000 hat cua giéng
IR64 16n hon so véi hat gidng BT7. Hon nita, thoi gian sinh trudng ctua IR64 (105
- 110 ngay) ciing ngan hon so véi BT7 (> 115 ngay). Qua quan st thuc té cho
thay, mo seo phat sinh tir IE & cong thirc IE 8-10 DAP kho xdp va tring duc, trong
khi mé seo & 2 cong thirc IE 11-13 DAP va IE ¢ 14-16DAP chic bong, mau vang
sang va c6 stre séng hon (Hinh 3.5). Didu nay chung to kich thudc hay DAP ¢o tac
dong dén qua trinh tao md seo va kha niang séng sot cua IE BT7 qua qua trinh chon

loc trén méi trudng ¢ bd sung khang sinh.

Hinh 3.5 Chuyén gen vao m seo tao thanh tir IE giong lia BT7 c6 DAP
khac nhau

Ghi chii: IE véi cdc tuéi phéi khéc nhau dwoc dong nudi cdy véi A. tumefaciens va cdy
chuyén sang méi trieong N6 chon loc. (4) Cong thire IE ¢ 8-10 DAP; (B) Cong thirc IE &
11-13 DAP; (C) Céng thirc IE ¢ 14-16DAP. Hinh anh dwoc ghi lai sau 8 ngdy nudi cdy.
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Khi tiép tuc theo ddi cac chi tiéu vé sb mé seo tai sinh, s6 cay con tao thanh
va s6 cay mang gen chuyén thu duoc & 3 cong thirc di thu duoc nhitng két qua kha
khac biét (Bang 3.6). Két qua xir Iy théng ké cta 3 1an 1ap lai thi nghiém cho thay
ti 16 mé seo c6 kha ning tai sinh ti 1¢ nghich v6i DAP cua IE. Piéu nay ciing phu
hop véi cong bd trude diy cua Visarada ef al. (2002) va Aananthi et al. (2018),
trong d6 da chung minh kich thudc phoi cang 16n thi kha nang tai sinh cang giam

[25, 135].

Hon nita, tit ca cac cong thirc thi nghiém déu thu duoc hiéu suit tiép nhan
gen kha cao (ti 1& cdy tai sinh c6 két qua PCR duong tinh v6i moi dic hidu cua
HPT > 24%). Sb cdy con tao thanh cao nhit (14 cay/lan nhic lai) va ti 16 cdy mang
gen chuyén cao nhét (~ 60%) thu dugc ¢ nghiém thirc IE & 11-13 DAP va khéc
biét c6 y nghia théng ké so véi cac nghiém thirc con lai (IE ¢ 8-10 DAP va IE &
14-16 DAP). Tuy nhién, gia tri trung binh va d6 1éch chuan & cong thic IE & 14-
16 DAP (chi s ti 1é cay tai sinh mang gen chuyén) twong duong nhau cho thiy co
su khac biét kha 16n gitra cac lan 1ap lai thi nghi¢m.

Nhu vay, tudi phéi thich hop nhat dé chuyén gen vao IE giéng lta BT7 1a
11-13 DAP. Pay la giai doan dau cua qua trinh phéi truéng thanh, hiéu suat chuyén
gen dat 13,9%.
3.1.2.3. Pdnh gid anh hudng cia nong do Acetosyringone dén hiéu qua chuyén

gen vao IE giong lia BT7

Trong qua trinh chuyén gen vao cdy mot 14 mam, bao gom ca lua, budc
ddng nudi cdy miu thuc vat v6i vi khudn A. tumefaciens thuong sir dung
Acetosyringone v&i cac mirc ndng do khac nhau tir 0 - 400 pM [117, 135]. Trong
nghién ciru nay, 4 cong thirc ndng do AS (0, 100, 150 va 200 pM) da duoc khao
sat dé xac dinh ndng d¢ thich hgp nhét cho viéc chuyén DNA ngoai lai vao IE
gidng BT7.
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Bang 3.7. Anh huéng ciia nong do AS dén qua trinh chuyén gen vao IE

giong lia BT7
Non ‘ S6 mé seo . . S6 ca
N g So IE tao | L S0 mé seo SO cayhoan y
do AS . song sot sau | . : mang gen
mo seo tai sinh choi chinh z %
(nM) chon loc chuyén
0 46,3 (1,5¢ 15,7 (2,9) 9,7 (2,2)* 36,3 (4,0) 0

100 41,7(L5P° 11,0 (1,00 6,3 (1,5)° 15,7 (1,2)° 8,3 (2,5)
150  38,0(2,0° 10,0 (1,0)° 6,0 (1,0)° 13,3 3,1)° 12,3 (2,2
200 26,7(32F 2,7 (23) 0 - -

Ghi chii: "So cdy tdi sinh c6 két qua PCR dwong tinh véi cap moi déic hiéu cho gen chon
loc HPT. S6 liéu trinh bay trong bang la gid tri trung binh ciia 3 lan thi nghiém; gid tri
trong ngodc thé hién do 1éch chudn. Cdc chit cdi khac nhau trong cung cot thé hién su
sai khdc co y nghia (0=0,05).

Hinh 3.6: Chuyén gen vao lia BT7 sir dung AS c¢6 nong do khac nhau.
Ghi chii: IE cia giong lia BT7 dwoc dong nudi cdy véi A. tumefaciens trén moi truong
dong nuéi cdy bé sung AS 100 uM (A) va 150 uM (B). Hinh dnh mé seo dwoc chup & giai

doan sau 7 ngdy nudi cdy trén méi trieong tién tdi sinh.

Két qua thi nghiém duoc trinh bay & Bang 3.7 cho thiy sé mau thu duoc &
tat ca cac giai doan déu co xu hudng giam khi ndng d6 AS ting. D6i véi cong thirc
moi trudng ¢ bd sung 200 uM, sd md seo thu duoc sau mdi giai doan déng nudi
céy va chon lgc gidm 10 rét, tham chi lam mat kha nang tai sinh cia mod seo. O
cong thirc dbi ching (khéng bod sung AS) sb cdy tach ra duoc tir mot cum md seo
(~4 chdi/cum mo $€0) cao vuot trdi so voi cac cong thirc con lai trong thi nghiém.

Piéu nay chimng t6 rang ndng do AS cao da gay doc d6i véi mo seo gidng laa BT7.
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Mic di, sé mo seo tai sinh & cong thirc khong bo sung AS dat cao nhat nhung
khong thu dugc cdy nao mang gen chon loc HPT. Két qua phan tich thong ké ciing
cho thiy sy khac biét vé sé mau thu duoc & cac giai doan nudi cay giita 2 cong
thirc nong d6 AS 100 pM va 150 pM khong c6 y nghia thong ké (a = 0,05). Tuy
nhién, s cdy mang gen chuyén & nghiém thirc 150 pM vuot troi hon so véi nghiém
thire 100 pM (12,3 ciy ~ hiéu sudt chuyén gen dat 20,6% so véi 8,3 cay ~ hiéu
suat chuyén gen dat 13,8%).

Nhu vay, AS 150 pM 1a ngudng ndng do thich hop dé chuyén gen vao IE
giéng laa BT7, cho hiéu suét chuyén gen cao nhat, dat 20,6%. Hiéu suét chuyén
gen thu dugc tir quy trinh chuyén gen sir dung IE da t6i uu trong nghién ciru nay
tuong tu két qua nghién ctru trude ddy cua Aananthi ef al. (2018) khi thyuc hién
chuyén gen vao giéng ltia Pusa Basmati 1 (IGa indica), trong d6 sir dung ki thuat
nho giot dung dich khuan ODgoonm 1,0 16n bé mit [25]. Ciing véi phwong phap nho
giot dich khuén 1én bé mat IE & giai doan déng nudi céy, Luu et al. (2020) da dat
duoc hiéu suit chuyén gen 48%, khi sir dung IE 8-12 DAP cia giéng lua Komboka
(indica), v6i dung dich vi khudn A. tumefaciens khi lay nhiém c¢6 ODgoonm 0,3 [97].

Nhu vay, mac du thuéc nhom giéng indica — vdn dugc xem 1a kho tiép nhan
gen ngoai hon so véi nhom giéng japonica, BT7 van c6 kha ning tiép nhan DNA
ngoai lai kha tot néu ap dung quy trinh huyén gen thich hop. Két qua nghién ctru
nay mé ra nhiéu trién vong nghién ciru cai tao va nang cao nang suét va chat luong

gidng lta chi lyc BT7 cua Viét Nam bang cong nghé gen trong tuong lai.

3.1.3 Quy trinh chuyén gen vao IE giong liia BT7 thong qua vi khudn A.

tumefaciens

Trén co s cac két qua nghién ciru tdi wu cac bude nudi cdy in vitro va
chuyén gen vao IE gidng lta BT7 di thu dwoc (muc 3.1.1 va 3.1.2), quy trinh
chuyén gen vao IE giéng laa BT7 hoan thién di duoc thiét 1ap (Hinh 3.7, muc
2.3.5.2, Phu luc 3).
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Hat giéng BT7 Vi khuin me
| 10-11 win | 3nedy

Thu phan Nu6i khuan
| 11-13DAP | 15 phat

Tach phoi non Dich khuan

\ 4

Pong nudi cay ‘—I

1 5 ngay, moi trudng MD1

Nuéi phuc héi

| 10 ngay, méi truong MD2
Chon loc 1
‘ 10 ngay, moi truong MD3
Chon loc 2
l 10 ngay, moi truong MD3
Chon loc 3
l 10 ngay, moi truong MD3

Tien tai sinh

l 7 ngay, moi trudng MD4

Tai sinh choi
l 14 ngay, moi treong MDS5

Tao re

l 14 ngay, moi truong MD6

Ex vitro

Hinh 3.7. Quy trinh chuyén gen vao IE giéng lta BT7 thong qua vi khuin
A. tumefaciens
Hiéu suat cua quy trinh chuyén gen vao IE BT7 cta nghién ctru nay dat

20,6% (Error! Reference source not found.), gin trong duong véi hiéu suit quy
trinh chuyén gen vao phéi trudng thanh BT7 ctia tac gia Cao Lé Quyén (22,53%)
[16]. So véi viée st dung phdi trudng thanh, quy trinh chuyén gen sir dung IE lam
vat liéu khéi ddu c6 mot vai han ché nhu: yéu ciu co giai doa n nudi céy phuc hoi
sau budc dong nudi ciy, can 3 1an chon loc (so véi 2 1an chon loc cta quy trinh st
dung phdi trudng thanh) dé mo seo ting sinh diy du, budce chuan bi nguyén liéu

(tach phoi) dé chuyén gen phuic tap va méat thoi gian hon. Mic du vay, quy trinh
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chuyén gen vao IE BT7 ciing ¢6 nhiing wu diém so v6i quy trinh chuyén gen vao
phéi truong thanh BT7 d4 cong bd, vi du nhu khong yéu cau bude nudi cdy tao méd
seo trudc khi déng nuoi ca‘iy. Dic biét, vi¢e st dung IE gitp kiém soat dugc chat
luong cua vat liéu chuyén gen va dam bao su dong nhit cua tit ca cic mau nén
giam duoc tac dong cua yéu td khach quan dén thi nghiém. Nguoc lai, quy trinh
chuyén gen lua sir dung phoi trudng thanh thudng cé su 6n dinh thap hon do bi
anh huong boi chét lugng va d6 dong déu cta vat liéu khoi dau (phoi/hat lua phai
trai qua qua trinh phoi, sdy, biao quan nén giit dugc tinh dong déu vé mat chat
lugng).

Nhu vay, quy trinh chuyén gen vao IE giéng laa BT7 d3 t6i vu dam bao
hiéu sudt can thiét phuc vu nghién ciru chinh stra gen trén BT7, duoc sir dung cho
toan b thi nghiém tao dong laa BT7 chinh stra SW14-BT tiép theo.

3.2 Thiét ké ciu tric T- DNA chinh sita SW14-BT
3.2.1 Nghién ciru sw twong tic giiva VX0 va OsSWEETI14 ¢ giong lita BT7
3.2.1.1. Panh gia doc tinh Xoo ¢ mién Bac Viét Nam trén giong lia BT7

BT7 1a mot giéng lta & mién Bac rat min cam véi bénh bac 1a nhung hau
nhu chua c6 nghién ctru ndo danh gia toan dién tinh man cam cta BT7 véi quan
thé Xoo ctia Viét Nam. Vi vay, voi pham vi nghién ctru cua luan én, cung voi nguén
vat liéu san co (Phu luc 2), doc tinh cta cac "isolate" ("ching phan 1ap" — goi tat
1a "chung") Xoo dai dién cho mét sé tinh mién Bic Viét Nam theo cac giai doan
tir 2013 - 2017 trén gidng lta BT7 d3 dugc danh gia bang phuwong phap cat 14 &
giai doan dé nhanh (45 ngay sau cdy). Hinh anh quan sat sau 2 tuan lay nhiém
(Hinh 3.8) cho thiy cac chiing Xoo déu gay triéu chimg bénh bac 1a dién hinh trén
mau lta 1ay nhiém, tuy nhién mirc @6 nhiém bénh khac nhau.

Két qua do chiéu dai vét bénh (Hinh 3.9) cho thdy mtc d6 nhiém & ca 2
gidng (BT7 va IR24) 1a twong duwong nhau, hau hét cac ching (19/20 ching) dugc
nghién ctru déu c6 doc tinh manh, véi chiéu dai vét bénh trung binh > 15 cm (Pugc
danh gia 12 nhiém bénh theo thang diém cta IRRI ¢ diéu kién nha kinh (Bang 2.1).
bac biét, chung VXO 73 (phan 1ap tai Gia Lam, Ha Noi) thé hién doc tinh manh
nhét; chiéu dai vét bénh trung binh dat lan luot 36,5 cm va 34,9 cm trén IR24 va
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BT7. Nguoc lai, chiéu dai vét bénh trén gidng lua BT7 va gidng chuan nhidm IR24
thip nhit dugc 1ay nhidém voi chung VXO 64; vét bénh xuat hién trén 1a sau 14
ngay lay nhiém cé chiéu dai trung binh dat lan Iuot 1a 12,1 cm (nhiém nhe - MS)
va 5,06 cm (khang nhe - MR), chimg to gidng laa BT7 rat man cam véi vi khuan
Xoo.

Hinh 3.8 LAy nhiém nhén tao Xoo trén giéng hia BT7

Ghi chii: Cdy liia non (45 ngay tuéi) dwoc ldy nhiém nhdn tao Xoo bang phirong phdap
cat la. (a) cdy lia truée khi lay nhiém; (b) cdy lia sau khi ldy nhiém 14 ngay.
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Hinh 3.9 Dgc tinh cia VXO trén lia BT7
Ghi chii: Cdy lia BT7 dwoc ldy nhiém véi 20 ching VXO. (PC): doi chitng dm (cdy hia
BT7 duwoc ldy nhiém bang dung dich khéng chira vi khudn Xoo). D6 thi thé hién chiéu dai
vét bénh trén la lia sau 14 ngay ldy nhiém Xoo. S6 liéu trén do thi la két qua trung binh
ctia 3 lan thi nghiém va do léch chudn.
Phuong phép 1ay nhiém nhan tao bang ki thuét cét 14 1a phuong phap phd
bién trong cic nghién ctiru danh gia doc tinh vi khuan Xoo. Lé Thi Thu Trang



84

(2016) da sir dung phwong phap nay dé danh gia kha nang khang 2 ching Xoo Is.5
va Is.6 ctia 113 gibéng lta dia phuong thu thap & mién Bic Viét Nam [23]. Vi vay,
trong nghién ctru nay, phuong phap cit 14 cling da duoc sir dung dé danh gia doc
tinh cua 20 ching Xoo (Phu luc 2) trén giéng lta BT7 va giéng lta chuan nhiém
IR24 (Hinh 3.9). O Viét Nam hau nhu chwa c¢6 nghién ciru chuyén sau vé phan loai
vi khuan Xoo, chua co ciy phan loai chung dé phan nhom Xoo. Furuya va cs.
(2012) ¢6 sir dung chi thi phan tir RELP dé xac dinh da dang di truyén va phan
nhém quan thé Xoo Viét Nam [53]. Tuy nhién, hdu hét cac nghién ctru gan day déu
chi st dung cac ching thu thap riéng 1é (& dang chung phan 1ap - isolate) dé phuc
vu pham vi nghién ctru nhé. Trong nghién ctru trude day, Nguyén Thi Lé da sir
dung BT7 nhu mt miu ddi ching dé chimg minh kha nang khang 3 "chung phan
lap" Xoo 981.HUA10146, 996.HUA10147 va 1035.HUA10153 cia giéng laa
khang BT7KBL [8]. Trong nghién clru nay, 20 "ching phéan 1dp" Xoo mang tinh
dai dién vé mit dia 1y (9 tinh trong lta phia Bic) va thoi gian (2013 — 2017) da
duoc str dung dé chimg minh tinh man cam ctia BT7 véi bénh bac 14.
3.2.1.2. Nghién ciru biéu hién OsSWEETI4 trén cdy liia BT7 nhiém Xoo

Ho gen OsSWEET da duoc xac dinh 1a dich tac dong ciia Xoo khi xAm nhiém
vao cay lua véi myc dich ting tiét dudong vao gian bao dé cho vi khuan sinh truéng
va phat trién trong cay chii [127]. Tuy nhién, mdi ching Xoo khac nhau tdn cong
vao mot (hay mot vai) gen OsSWEET khéc nhau, tuy thudc vao dac trung cua vung
gen tal trong hé gen vi khuan [107]. Nhiéu nghién ctru trude day da nhan dinh
OsSWEETI4 14 gen nhiém cia da sd cac chung Xoo chiau A [107]. Trong nghién
ctru ndy, dé xac dinh vai trd OsSWEETI4 trong qua trinh vi khuan Xoo xdm nhiém
vao cay lua BT7, 7 ching VXO (VXO 11, VXO_15, VXO 59, VXO 60,
VX0 62, VXO 69 va VXO 96) co doc tinh cao d6i v6i BT7 (co chiéu dai vét
bénh > 20 c¢cm, Hinh 3.9) dai dién cho 6 tinh c6 vi tri dia Iy khac nhau trong khu
vue mién Béc dugce lya chon cho thi nghiém.

Sau 2 ngay lay nhiém Xoo nhén tao, toan bo cdc mau 14 lia BT7 duogc tach
chiét RNA t6ng s6 dé 1am vat lidu cho thi nghiém danh gia biéu hién gen bang RT-

PCR. Ham luong RNA va dé tinh sach cia mau tach chiét duoc x4c dinh béng
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phuong phap do quang phd va dién di trén gel agarose 1%. Tat ca cac mau tach
chiét déu c6 xut hién cac bang RNA trén ban dién di (Hinh 3.10A); dat néng do
~200 ng/pL va ti s6 ODa6s/ODaso trung binh nam trong khoang 1,85 — 2,03 (s6 liéu
khong trinh bay). Két qua kiém tra chat luong cac mau RNA bang RT-PCR mot
budc véi cap mdi dic hiéu cua gen Actin déu thu duoc mot bang DNA c6 kich
thudc ding véi tinh toan 1y thuyét, khoang 150 bp (Hinh 3.10B). Két qua thu duoc
nay chimg to cac mau RNA tach chiét dam bao yéu cau cho cac thi nghiém danh

gi4 biéu hién gen tiép theo.

A B

Hinh 3.10 Tach chiét RNA tir méu 14 BT7 lay nhiém nhan tao VXO

Ghi chii: (4) Mau RNA duwoc dién di trén gel agarose bién tinh; giéng 1: thang chudn DNA 1,0
kb; giéng 2-6: cdc mau RNA tong sé tach chiét tir ld lia. (B) San pham RT-PCR véi cdp moi
Actin-F/Actin-R duwoc dién di trén gel agarose 1%; giéng M: thang chudn DNA 1,0 kb, giéng 1:
doi chimg am (khéng c6 RNA khudn); giéng 2-6: khudn la mau RNA tach chiét tir ld lia.

Dé danh gia sy biéu hién cua OsSWEETI4 khi bi nhiém Xoo, thi nghiém
RT-PCR d3 duoc thuc hién nhim so sanh tuong quan mirc do biéu hién cua gen
dich giita cac cay laa BT7 khong lay nhidm va lay nhiém véi 7 chung VXO. Két
qua dién di san phim RT-PCR trén gel agarose cho thdy tat ca cac thi nghiém st
dung cap mdi ndi chuin (EFla-F/EF1a-R) déu cho mot bang DNA dac hi¢u c6 do
sang kha dong déu giita cac miu phén tich (Hinh 3.11A-OsEFla). D6i vé6i thi
nghiém sir dung cip moi SW14-qgPCR-F/SW14-gPCR-R, mic du tat ca cac mau
phan tich ciing déu cho mot bang DNA kich thudc twong ty sau nhung do sang ctia
bang DNA thu dugc c6 su khac nhau gitta cac thi nghiém (Hinh 3.11A-
OsSWEETI4). Két qua phan tich bang phan mém ImageJ da chtng té su khac biét

rd rét vé muc do biéu hién cua OsSWEETI4 giita cac mau lta duoc lay nhiém
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VXO va mau dbi chung (tiém H,0) (Hinh 3.11B). Tt cé cac thi nghiém st dung
mau RNA tach chiét tir cdy lia duge 1ay nhiém VXO déu cho thay muc do bicu
hién OsSWEET!4 cao hon so véi cdy lua khong 1ay nhidm vi khuan, tuy nhién mirc
d6 ting cudng biéu hién gen dich cia VXO khéc nhau giita cac chung duoc nghién
ctru. Cu thé, ham lugng mRNA OsSWEETI4 cao nhét duogc phat hién ¢ mau lua
duoc tiém 14 v6i ching VXO 11 va VXO_96. Trong khi d6, miu la 1ay nhiém
cac chung khéc c6 su tdng nhe biéu hién cua OsSWEETI4 so v&i mau doi ching
khong 14y nhiém vi khuan. Diéu nay ching to OsSWEET4 di dugc hoat hoa khi
cay laa BT7 nhiém Xoo va su biéu hién ctia OsSWEETI4 c6 lién quan téi qué trinh
xam nhiém cua cac chung VXO.
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Hinh 3.11 Biéu hién ctia OsSWEETI14 trong cy lia BT7 nhiém Xoo

Ghi chu: (A) RT-PCR nhan ban doan gen dich OsSWEET14 va gen ngi chudn (OsEFla),;
cdc giéng VX0 11, VXO 15, VXO 59, VXO_ 60, VXO 62, VXO 69, VXO 96): khuén
la mau RNA tach chiét tir mau liia BT7 tiém vi khudn Xoo twong vmg vdo ld; giéng DC:
khuén la mdau RNA tach chiét tir mau lia BT7 tiém nuede vao la; (B) Mirc do biéu hién
ciia OsSWEETI14 twong quan giita cdc mau ld 14y nhiém cac ching VXO 11, VXO 15,
VX0 59, VXO 60, VXO 62, VXO 69, VXO 96 va ld cdy doi chitng (tiém H-0).

Gen noi chuan la nhitng gen cé cAu trac dién hinh, dugc phién ma & mot
muc do tuong ddi 1ién tuc. Su biéu hién ctia nhom gen nay thuong doc 1ap véi cac
kiéu gen di truyén ctia ciy va khong bi anh hudng boi nhirng didu kién thi nghiém
[62]. Vi vay, viéc danh gid su biéu hién cua cac gen noi chuan di kém voi nghién
ctru biéu hién ciia cac gen dich 1a diéu kién tién quyét dé han ché nhiing sai sot

trong viéc dinh luong dan dén nhiing hiéu 1am vé dir liéu, dic biét trong phan tich
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RT-PCR. O ltia, mot s6 gen nhu Actin, 18S rRNA, 258 rRNA, UBC, UBQS,
UBQ10, ACT11, GAPDH, eEF-1a, elF-4a, v f-TUB ¢6 mirc 46 bicu hién on dinh
va thudng duoc sir dung 1am gen tham chiéu cho céc thi nghiém dénh gia biéu hién
gen bang RT-PCR [66, 111]. Cac nghién ctru danh gia biéu hién gen & lua trong
diéu kién lay nhidm Xoo trude day thuong sir dung OsActin hay OsEFIa 1am gen
ndi chuan [34, 99]. Hai gen nay da duoc chirng minh biéu hién lién tuc va 6n dinh
trén moi co quan cua cay lta khang bénh bac 14, khong bi phu thudc vao thoi diém
thu mu trong ngay hay tir cac gidng khac nhau [90] va dic biét khong bi tac dong
boi sy xAm nhiém ctia Xoo [34]. Trong nghién ctru ndy, OsEF la ciing di duoc lua
chon lam gen tham chiéu cho thi nghiém RT-PCR ban dinh lugng nham so sanh
mirc do biéu hién twong quan ctia OsSWEETI4 giita cac mau laa 1ay nhiém VXO
va khong lay nhiém.

Trong nghién ctru trude day ciia Huang et al. (2016), 27/34 chung Xoo chau
A duoc phan tich d hoat hoa biéu hién ctia OsSWEET4 khi xAm nhiém vao gidng
laa IR24 [60]. Tuong tu, bang cc phan tich trinh ving gen tal, Oliva et al. (2019)
da chirmg minh 22/31 ching Xoo chau A mang cic TALE c6 kha ning hoat hoa
OsSWEETI4. O day, phan tich biéu hién gen bang ki thuat RT-PCR ban dinh luong
cling di cho thdy OsSWEETI4 cua laa BT7 ting cudong biéu hién rd rét khi lay
nhiém vé&i 7/7 ching VXO nghién ciru. Nhu vy, két qua thu duoc trong nghién
clru ndy di cung cb cho cac phat hién trudc ddy cia cac tac gia trude day khi cho
rang hau hét cac chiung Xoo chau A hoat hoa OsSWEETI4 [60, 107].

Vi két qua danh gia biéu hién gen (7/7 chung hoat hod OsSWEETI4), két
hop véi sd liéu phan tich doc tinh ciia VXO trén BT7 (19/20 ching c6 doc tinh
manh) da cho phép du doan OsSWEETI4 c6 thé 1a mot (trong nhiing) gen “nhiém”
chinh, c6 vai tro quan trong di véi doc tinh cua cac ching VXO. Tuy nhién, gia
thuyét nay van can duoc tiép tuc ching minh rd hon trong cac thi nghiém tiép theo.
3.2.1.3. Phan ldgp SW14-BT tir DNA hé gen lua BT7

Mot gen "nhiém" dugc hoat héa bdi Xoo do c6 mang cac EBE trong ving
promoter dugc nhan biét boi protein TAL do vi khuén tiét ra. Hon nita, cac nghién

clru & trén da cho thiy cac ching VXO khi xdm nhiém vao cdy lia BT7 da ting
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cuong biéu hién OsSWEETI4 va gy ra triéu ching bénh bac 14 dién hinh. Chinh
vi vy, dé chimg minh OsSWEETI4 13 mdt gen "nhiém" cta cic chung VXO, ving
promoter ctia OsSWEETI14 (SW14-BT) da duoc phan 1ap va giai trinh tu dé xéac
dinh sy c6 mat cua cac EBE dac trung.

Dua vao trinh tu promoter OsSWEETI14 & cac gidng lta khac da dugc cong
bb [31, 34, 61, 88, 107] va trinh ty nucleotide ciia OsSWEETI4 duoc cong b trén
Ngéan hang gen (AP014967.1), trong thi nghiém nay, cip mdi dic hiéu (SW14-
F/SW14-R, Phu luc 4) da duogc thiét ké cho nhan ban doan DNA ndm & tir vj tri [-
1343] dén [+52] clia gen OsSWEET!4 bang phan tmg PCR tir DNA hé gen cay lta
BT7. Két qua dién di trén gel agarose 1% san pham PCR sir dung khuon 1a DNA
tach chiét tir cdy lua BT7 (pha lodng ti 1& 10, 10 va 10?2) da cho mdt bing DNA
duy nhét co kich thudce xap xi 1,4 kb twong tng véi kich thudc 1y thuyét ciia doan
DNA dugc nhan ban (1395 bp) (Hinh 3.12, giéng 2- 4).

1,4 kb

Hinh 3.12 Phan lap doan promoter SW14-BT cia lia BT7
Ghi chii: Phén ldp doan promoter SW14-BT tir DNA tong s6 lia BT7; giéng 1-4: khudn
la mau DNA tach chiét tir ld lia BT7 pha lodang 107, 107, 107 va 107 lan; giéng 5: doi
chimg am (khong c6 DNA khuén). Giéng M: thang chuan DNA 1,0 kb (iNtRon).

Trong hau hét cac nghién ctru vé promoter da cong bd trude ddy, doan DNA
quan tam duoc phén lap thudng dai khoang 500 - 2000 bp va nam phia trudc vi tri
ciia bo ba ma mé dau. Ddi vai cac gen "nhiém" ctia Xoo, cac EBE nhan biét boi
protein TAL thuong nim gan hop TATA (TATA box) trén promoter cua gen dich

hodc khu vuc cén bién ctua promoter [31, 55, 60]. Bén canh do6, trong hau hét cac
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nghién ciru vé promoter d cong b trude ddy, doan DNA quan tdm dugc phan 1ap
thuong dai khoang 500 - 2000 bp va nam phia trudc vi tri ciia bo ba ma md dau.
Chinh vi vay, trong nghién ctru nay, vung trinh tu dai ~1,4 kb chira hop TATA box
da duoc lwa chon dé phan 1ap. Trong nghién ctru trude day vé vai trd cua gen
OsSWEETI4 i véi co ché xam nhiém cta Xoo, ving promoter OsSWEET14 341
bp nam phia truéc ma mo dau ATG dd dugc phéan lap dé nghién ctru chirc ning &
gidng lua IRBB13 [127]. Poan DNA nay ciing ¢6 mit trong doan DNA (1395 bp)
duoc phan 1ap tir gidng laa BT7 (dit liéu khong trinh bay).

Nhu vay, két qua thu dugc cho phép két luan da budc dau phan lap thanh
cong doan DNA mong mudn tir DNA tong s ciia lia BT7. Cac san pham PCR sau
d6 da dugrc tinh sach theo muc 2.3.1.6 va str dung cho cac thi nghiém nhan dong tiép
theo.
3.2.1.4. Nhan dong SW14-BT vao vector pGEM-T

San pham PCR promoter SW14-BT sau khi tinh sach dugc nhan dong truc
tiép vao pGEM-T. Poan promoter SW14-BT dugc phan 1ap bang phan ing PCR
c6 str dung Tag DNA polymerase nén san pham PCR sau khi tinh sach 14 cac doan
DNA ¢6 mét dau A, do d6 c¢6 thé nhan dong truc tiép vao vector nhan dong pGEM-
T mach thang (Phu luc 5) c6 dau T theo quy trinh duwoc cung cip trong bo kit
pGEM®-T Vector System II cua hing Promega dé tao ra vector tai to hop
pGEM/SW14-BT.

Trong nghién ctru nay, san phim ctia phan tng ghép ndi duoc bién nap vao
té bao kha bién E.coli DH5a bang phwong phép soc nhiét va dwoc nudi ciy trén
moi truong LB (muc 2.3.1.10). Khuan lac mau tréng 1a cAc khuén lac duoc du doan
13 ¢6 chira plasmid tai to hop. Vi vay, dé xac dinh chinh xac khuan lac mang SW14-
BT, ching t6i da tién hanh PCR truc tiép cac khuén lac nay voi cap mdi SW14-
F/SW14-R, khuén lac duong tinh dugc tiép tuc nuoi céy dé tach chiét plasmid. Su
c6 mat cua doan SWI14-BT trong plasmid tai té hop dugc kiém tra bang phuong
phap PCR va cit biang enzyme cat giéi han (Hinh 3.13B).

Thi nghiém PCR kiém tra plasmid tai to hop duoc thuc hién véi ba cap moi:

cip mdi nhan ban promoter OsSWEETI4 véi kich thude ddy dii va mot phan 1an
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luot 1a SW14-Fw/SW14-Rv (1395 bp) va SW14-t-Fw/SW14-t-Rv (659 bp), va cap
mdi dic hiéu cua vector pGEM-T (T7-Pro/SP6-Pro) nhan ban doan trinh tu chira
vi tri chéen DNA dich (Hinh 2.3).

Két qua kiém tra pPGEM/SW14-BT bang PCR (Hinh 3.13A) thu duoc cac
bang DNA dic hiéu co kich thudc 1an luot khoang 1,4 kb (kich thudc day da cia
SW14-BT), 0,66 kb (mot phan trinh tw SW14-BT) va 1,6 kb (phan trinh tu tir vi tri
T7 dén SP6 trén vector pGEM-T sau khi di c6 SWI4-BT duoc chén vao) (Hinh
3.13A, giéng 1, 3 va 5). Cac san pham PCR nay déu c6 kich thude phu hop voi

kich thudc tinh toan 1y thuyét ctia doan DNA can nhan ban.

- -
1395 bp

Hinh 3.13 Kiém tra vector pGEM/SW14-BT

Ghi chii: San pham PCR va cdt gidi han dwoe dién di trén gel agarose 1%. (4) PCR
pGEM/SW14-BT: giéng 1, 3 va 5: khuén la pGEM/SW14-BT: giéng 2, 4 va 6: doi chitng
am (khéng c6 DNA khuén); giéng I va 2: PCR véi cap moi SWI14-Fw/SWI14-Rv; giéng 3
va 4: PCR véi cap moi SWI14-t-Fw/SWI14-t-Rv; giéng 5 va 6: PCR véi cap moi T7-
Pro/SP6-Pro. (B) Cdt gidi han pGEM/SW14-BT; giéng 1: pGEM/SW14-BT nguyén ban,
giéng 2: san pham cdt bang Ndel, giéng 3: san pham cdt bang Ndel/BglII, giéng 4: sdan
phdm cdt bang EcoRI. Giéng M: thang chudn DNA 1 kb (iNtRoN).

Két qua dién di san pham cat gi6i han plasmid tai t6 hop bang Ndel (c6 1
v1 tri nhan biét & Nu tht 6-11 trén promoter SW14-BT va 1 vi tri khéc trén vector
pGEM-T) hay EcoRI (doan DNA dugc chén vao giita hai vi tri nhan biét cia EcoRI
trén vector pPGEM-T) déu cho hai bang DNA c6 kich thudc 1an luot khoang 3,0 kb
twong trng voi bd khung vector pGEM-T va 1,4 kb twong ing véi doan promoter

SW14-BT dang nhu tinh toan 1i thuyét (Hinh 3.13B, giéng 2 va 4). Ngoai ra, san
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pham cit gidi han dong thoi bang Ndel va BgllI (c¢6 1 vi tri nhan biét & Nu thi
1331-1336 trén SW14-BT) cling thu dugc cac bang DNA dlng vdi tinh toan theo
ly thuyét, trong d6 doan SW14-BT bi cat thanh 2 manh c6 kich thudc khoang 1,3
kb va 0,1 kb (Hinh 3.13B, giéng 3). Cac két qua thu dugc nay cho phép khang dinh
chic chin hon viéc nhan dong thanh cong OsSWEETI4 vao pGEM-T.

Nhu vay, trong nghién ctru nay, doan DNA nam tir vi tri [-1343] dén [+52]
s0 voi bo ba md md dau (ATG) ciia OsSWEETI4 d3 duoc nhan ban tir DNA tong
s6 cua gidng laa BT7 va dong hoa vao vector pGEM-T. San phdm nhén dong 1a
ngudn nguyén liéu cho toan bd cac thi nghiém phan tich dic diém chirc ning cua
SW14-BT nhim xéc dinh vai tro cia gen OsSWEETI4 ddi voi tinh man cam bénh
bac 14 cta gidng lta BT7.
3.2.1.5. Giai trinh tw SWI14-BT

Dé khang dinh doan DNA da phan 1ap va nhan dong chinh 1a SW14-BT,
vector tai tb hop pGEM/SW14-BT da dugc gidi trinh tw ddy du bang thiét bi giai
trinh tuy nucleotide tw dong ABI3100 va phan tich béng phﬁn mém BioEdit. Bi
chiéu v&i céc trinh tu cta promoter da duoc cong b trén ngan hang gen, két qua
cho théy trinh ty Nu ctia doan DNA da nhan dong (Phu luc 6) giéng 99,4% so voi
trinh ty DNA tuong dong (OsSWEETI4) trong hé gen cua laa Japonica (gidng
Niponbare, mi s6 AP014967.1) va gidng 99,9% so v&i trinh ty DNA tuong dong
(OsSWEET14) trong h¢ gen ctia lua Indica (gibng RP Bio-226, mi s6 CP012619.1)
(Hinh 3.14).

Phéan tich chi tiét trinh ty doan DNA dich trong vector tai to hop
pGEM/SW14-BT cho thiy doan DNA SW14-BT phan lap dugc tir giéng ltia BT7
1a c6 chiéu dai 1395 bp (ding v6i du kién ban dau khi thiét ké moi), bao gdm
vung promoter cua OsSWEETI4 dai 1343 bp va doan exon I cia OsSWEETI4
dai 52 bp. Trén doan promoter phan lap dugc co6 su xuét hién cua trinh tu hop
TATA ¢ vi tri Nu thr 1084 ctia doan DNA (cach vi tri ma khot dau ATG 259
bp), dac trung cho vung khéi dong cta gen. Pac biét, trén SWI14-BT c6 chua 4
trinh tw DNA, bao gdom bao gdm CATGCATGTCAGCAGCTGGTCAT (nim &
vi tri  nucleotide 1025 - 1047, phia truéc hop TATA);
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ATATAAACCCCCTCCAACCAGGTGCTAAG (nam tir nucleotide 1084-
1112, chtta hop TATA); TATAAACCCCCTCCAACCAGGTGCTA (tur vi tri
1085-1110, chtta hop TATA) va TAAGCTCATCAAGCCTTCA (tur vi tri 1109
— 1127, phia sau hop TATA) (Hinh 3.15), giéng 100% so vdi trinh ty ciia cac

EBE c6 trén promoter SWEETI4 & cac gidng lta khac da dugc cong bd, lan luot
1a TalC, AvrXa7, PthXo3 va Tal5/TalF [34]. Nhiéu nghién ctu trudc day da
chung minh 4 EBE nay dugc nhan biét boi 4 protein TAL AvrXa7, PthXo3, Tal5
va TalC cua vi khuén Xoo, thong qua do hoat hoa su biéu hién ctia OsSWEET14

[31, 107, 150]. Vi vay, nhiing trinh ty nay ciing co thé 1a dich tac dong cua hé
protein TAL do cac ching VXO hoat hdéa SW14-BT va gay ra bénh bac 1a trén

giong lua BT7.
SW14-BT7 781:CCAACTCTAGATCCCTTARCTAGGACAACTTGGAGTACACAACAATGTTACTAATCCCAT 840
SWl4-Indica 781:CCAACTCTAGATCCCTTARCTAGGACAACTTGGAGTACACAACARATGTTACTAATCCCAT 840
SWl4-Japonica 781:CCAACTCTAGATCCCTTAARCTAGGACAACTTGGAGTACACAACAATGTTACTAATCCCAT 840
IR R RS A S A SRS E R R R A S SRR SRS R AR SR LSRR R TR SRS E S
SW14-BT7 841:GCATTGAGGACAGAGT TGTGARGGARACAARARARAAGCTAGCAGATTGGCACTTTCTGTC 900
SWl4-Indica 841:GCATTGAGGACAGAGT TGTGARGGARACAARAARAAGCTAGCAGATTGGCACTTTCTGTC S00
SWld-Japonica 841:GCATTGAGGACAGAGTTATGAAGGARACAARAARRAGCTAGCAGATTGGCACTTTCTGTC 900
LR e R R e
SW14-BT7 901:ATGCATGGGTGCTGATGATTATCTTGTATCTAATTTAATCAATCCCATGGCTGTGATTGA 960
SWl4-Indica 901:ATGCATGGGTGCTGATGATTATCTTGTATCTRAAT TTAATCAATCCCATGGCTGTGATTGA 960
SWl4-Japonica 901:ATGCATGGGTGCTGATGATTATCTTGTATCTAATTTAATCAATCCCATGGCTGTGATTGA 960
T A T T TN R A A A A XA T A XL XTI TN
SW14-BT7 961: TCAGGAATAGTTTGTGTGTGCAGCTATATTGCCTATTGGTGTCCAGGGTCACACRCCATA 1020
SWl4-Indica 961: TCAGGAATAGTTTGTGTGTGCAGCTATAT TGCCTATTGGTGTCCAGGGTCACACACCATA 1020
SWl4-Japonica 961:TCAGGRATAGTTTGTGTGTGCAGCTATATTGCCTATTGGTGTCCAGGGTCACACACCATA 1020
RS+ S AL S SR RS S RS S SR RS FR S R SRR SRS RS RS R A SRS R SRR SR SRR RS
SW14-BT7 1021:AGGGCATGCATGTCAGCAGCTGGTCATGTGTGCCTTTTCATTCCCTTCTTCCTTCCTAGC 1080
SWl4-Indica 1021:AGGGCATGCATGTCAGCAGCTGGTCATGTGTGCCTTTTCATTCCCTTCTTCCTTCCTAGC 1080
SWl4-Japonica 1021:AGGGCATGCATGTCAGCAGCTGGTCATGTGTGCCTTTTCATTCCCTTCTTCCTTCCTAGC 1080
EE T XL R X R X RN R XX R R R R R TR T RN R R R XE LRI TR RE XX XXX XTTX55%%
SW14-BT7 1081:ACTATATARACCCCCTCCAACCAGGTGCTARGCTCATCRAA-GCCTTCAAGCARAGCARAC 1139
SWl4-Indica 1081 :ACTATATARACCCCCTCCARCCAGGTGCTARAGGCTCATCAAGCCTTCAAGCARAGCARAC 1140
SWld4-Japonica 1081:ACTATATAAACCCCCTCCAACCAGGTGCTAAGCTCATCARA-GCCTTCRAGCARAGCRAAC 1139
EEE R T OEKEXXEXXEXXRXXXXXEL XX
SW14-BT7 1140: TCARGTAGTAGCTGATTACCAGCTCTTCTCTCTTCTCATTGAGAAGAGGGAATTAAGTTT 1199
SWld4-Indica 1141: TCARGTAGTAGCTGATTACCAGCTCTTCTCTCTTCTCATTGAGAAGAGGGRATTAAGTTT 1200
SWl4-Japonica 1140:TCAAGTAGTAGCTGATTACCAGCTCTTCTCICTICTCATTGAGAAGAGGGAATTAAGTTT 1199

EE e i e e e e e e e e e e e e i e e e e i e e e

Hinh 3.14 So sanh trinh tu nucleotide promoter OsSWEET14
Ghi chii: Trinh tw nucleotide promoter OsSWEET14 ciia giong liia BT7 dwoc so sanh voi
giong lia Japonica Niponbare (SWi14-Japonica) (AP014967.1) va giong lia Indica RP
Bio-226 (SW14-Indica) (CP012619.1). Déu sao (*) thé hién vi tri nucleotide giéng nhau,
déu cham () thé hién vi tri nucleotide khdc nhau.
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TGCAGCTATATTGOCTATTGETGTCCAGGGT CACACACCATAAGEGCATRCATGTCAGCAGCTGRT CATGTGTGLCTTTTCATTCCCTTCTTCCTTCCTAGCACT CCCCTCCAACCAGRTGCTAAGCTCATCAMGCCTTCAAGCAAAGCARACTC
[ Mvrkal EBE ]
) - S— 0 I —

1 I I I I I I I ]
L] 1,008 1,028 1,048 1,068 1,068 1,10 1,128 1,148

ANGTAGTAGCTGATTACCAGCTCTTCTCTCTT T CAT T GAGAAGAGGGAATTAAGT TTTGATCTCTGCTTTATTGCCTGATCATCCTCTTGTTACT TGCANGCANGAACAGT AGTGTACTGTGCCTCATTGATCTCCTCTCACCAMC tot et et etetetet

T T T T T T T
1,168 1,188 1,208 1,120 1,40 1,68 1,260 1,308

CATATTCCGAGCTAGCTAGTTAATCAAGATCTTGCTGCAATGGCTRECATGTCTCTTCAGCATCCCTGREGECCTTCGCCTTTGETCTCLTAG
Exon 1 )

I T T T
1,3 1,340 1,368 1,380

Hinh 3.15 Phén tich trinh tw SW14-BT

Ghi chu: Hop TATA (TATA box) dwoc dong khung. Vi tri cac EBE (AvrXa7, Tal5, PthXo3
va TalC) va Exon I dwoc danh ddu bang miii tén.

Cho dén nay, cac gen thudc nhom III cua ho gen SWEET (OsSWEETI 1,
OsSWEET13 va OsSWEET14) da duoc xac dinh 1a cac gen “nhiém” ddi voi bénh
bac 14 Ita [107]. Trén ving promoter ciia cac gen nay déu dugc chimg minh co
chtra vi tri nhan biét cia mot s6 protein TAL do Xoo tiét ra. O giéng Iua Kitake va
IR24, OsSWEETI11 va OsSWEETI3 dugc hoat hoa lan luot boi protein TAL
PthXol va PthXo2 [147], trong khi OsSWEETI4 c6 thé cam tng biéu hién vdi su
xAm nhiém ctia ching Xoo mang gen ma ho4 protein TAL AvrXa7 hay PthXo3
[31]. Hon nita Yu ef al. da chiing minh trén vung promoter OsSWEETI14 cua lua
Niponbare con mang vi tri nhan biét ctia 2 protein TAL khéc 14 Tal5 va TalC [150].
Trong nghién ctru ndy, SW14-BT cla gidng lta BT7 da dugc phat hién co chira
ddng thoi ca 4 yéu t6 cis (EBE - effector binding element) lién két dac hiéu véi 4
protein TAL AvrXa7, PthXo3, Tal5 va TalC. Tuy nhién, theo cic cong bd vé phan
tich hé gen ctia cac quan thé Xoo khac nhau trén thé gidi cho thiy quan thé Xoo
chau A chi yéu mang gen ma héa AvrXa7 va PthXo3, trong khi quan thé Xoo chau
Phi ¢6 xu huéng mang gen ma hoa TalC va Tal5 [31, 61, 107]. Chinh vi vay, hai
EBE AvrXa7 va PthXo3 dugc du doan la dich tdc ddng chinh, ¢ vai tro quan trong
d6i voi qué trinh hoat héa OsSWEETI4 cta cac chung VXO khi xAm nhiém vao
gidng lta BT7.

Nhu vay, voi thuc té cac ching VXO c6 doc tinh manh (gdy bénh bac 14)
trén Ita BT7 (muyc 3.2), c6 kha ning hoat héa su biéu hién OsSWEET14 khi xam
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nhiém vao lua BT7 (muc 3.2.1.2) va SWI14-BT c6 chita 4 EBE (AvrXa7, PthXo3,
Tal5 va TalC), trong d6 2 EBE dugc nhan biét boi 2 protein TAL AvrXa7, PthXo3
dic trung & cac chung Xoo chau A (Hinh 3.15), d3 chi ra ring OsSWEETI4 c6 thé
1a mot gen “nhiém” quan trong dbi voi doc tinh ctia cac chung VXO trén lta BT7.
Hon nita, trén co s& cac cong bd trude ddy vé da dang ving gen fal cia vi khuan
Xoo, cung v&i cac nghién ctru chinh stra gen khang bénh bac 14 Iua cia cac tac gia
khac [107], vi tri cua hai EBE AvrXa7 va PthXo3 (chdng lap nhau) dugc x4c dinh
12 myc tiéu chinh can chinh sira trén SW14-BT dé cai tién kha ning khang bénh
bac 14 cho giéng lua chu luc BT7 bang cong cu chinh sira gen CRISPR/Cas9..
3.2.2 Thiét ké ciu triic T-DNA chinh siva SW14-BT

3.2.2.1. Xac dinh trinh tw sgRNA chinh swa SW14-BT

Theo cac két qua nghién ciru co ché phan tir qua trinh xAm nhiém ctia VXO
& trén, EBE AvrXa7 va PthXo3 d3 duoc xac dinh 1a muc tiéu chinh dé chinh sta
trén SW14-BT. Tuy nhién, do 3 EBE AvrXa7, PthXo3 va Tal5 c¢6 phan trinh ty ndm
chdng 14p 1én nhau (Hinh 3.15) nén dé ting hiéu qua chinh sira gen cai tién tinh
khang bac 14 cho giéng lta BT7, ving trinh ty DNA trén SW14-BT c6 chira ca 3
EBE (AvrXa7, PthXo3 va Tal5) da dugc lua chon dé thiét ké sgRNA cho phtrc h¢
CRISPR/Cas9.

Tinh dac hi€u cua phitc h¢ CRISPR/Cas9 duoc quyét dinh boi doan trinh tu
dai ~20 nucleotide (crRNA) trén phan tir sgRNA [38]. Viéc thiét ké trinh ty crRNA
s€ quyét dinh hi¢u qua hoat dong ctia phirc h¢ CRISPR/Cas9. Cho dén nay, rat
nhiéu cong cu tin sinh khac nhau, bao gdbm ca CRISPR-P 2.0, c6 thé sir dung dé
thiét ké trinh tu sgRNA c6 kha nang hoat dong hi€u qua va ddc hi¢u phuc vu cac
nghién ctru chinh stra gen béng CRISR/Cas9. Cong cu nay da dugc cap nhat h¢
gen chét lugng cao cua hon 50 loai thyc vat, chu yéu la cac loai cay nong nghiép
chinh nhu lta, ngd, lta mi, bong...), cho két qua phan tich danh gia cac sgRNA
ung vién dya trén ti 1€ GC, kha nang hinh thanh cAu trac bac II thich hop, hi¢u qua
hoat dong va tinh dic hiéu cta ciu trac chinh sira [93]. Sy thanh cong ctia nhiéu
nghién ctru chinh stra gen thuc vat trude day da ching minh tinh hiéu qua cia cong

cu nay [93, 94]. Chinh vi vdy, trong nghién clru nay, cong cu CRISPR-P 2.0 cling
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da duoc luya chon dé thiét ké trinh tu crRNA trong phan tir sgRNA cua phuc hé
CRISPR/Cas9 chinh stra SW14-BT.

Béng cong cu CRISPR-P 2.0, 9 trinh tu crRNA da dugc xac dinh dé tao dot
bién dinh hudng trén SW14-BT, trong d6 8 trinh tw crRNA (crRNA-2 — crRNA-
9) c6 thé tao diém cét tac dong dén ca ba trinh tw EBE AvrXa7, PthXo3 va Tals,
va 1 trinh ty (crRNA-1) c6 thé tao diém cit trén 2 EBE AvrXa7 va PthXo3 (Bang
3.8).

Biang 3.8 Trinh tu va dic diém cac sgRNA vng vién chinh sira SW14-BT

- P
Tén Trinh ty crRNA (5-3) | /| TBP |CBP|IBP| DSL ot
! GC tac dong
crRNA-1| AGGGGGTTTATATAGTGCT |45| 9 7 0 | SL1 AvrXa7,
PthXo3
AvrXa7,
- * ,
crRNA-2| TATATAAACCCCCTCCAACC [45] O 0 0 PthXo3, Tal5
AvrXa7,
crRNA-3| GCTTAGCACCTGGTTGGAGG |60 | 8 6 2 | SL1 PthXo3, Tals
AvrXa7,
crRNA-4| AGCTTAGCACCTGGTTGGAG | 55| 8 6 2 | SL1 PthXo3, Tals
AvrXa7,
crRNA-5| GAGCTTAGCACCTGGTTGGA | 55| 8 6 2 | SL1 PthXo3, Tals
AvrXa7,
crRNA-6| TGAGCTTAGCACCTGGTTGG | 55| 8 6 2 | SL1 PthXo3, Tals
AvrXa7,
crRNA-7| TGATGAGCTTAGCACCTGGT | 50| 12 | 6 0 | SLI PthXo3, Tals
AvrXa7,
crRNA-8| GGCTTGATGAGCTTAGCACC 55| 9 4 5 | SL1 PthXo3, Tals
AvrXa7,
ctRNA-9| CTTGAGTTTGCTTTGCTTGA (40| 7 4 0 | SLI PthXo3, Tals

Ghi chii: TBP) téng sé cip Nu; (CBP) sé cap Nu lién tuc; (IBP) s6 cdp Nu trong cdu triic
ciia crRNA; (DSL) vong loop bi phd v& cdu triic; (RAR) Stem loop Repeat and Anti-repeat
Region, (SL1, 2, 3) Stem loop 1, 2, 3; (*) khong anh huwong dén céu tric vong loop; (TalC,
AvrXa7, PthXo3, Tal5)

Phirc hé chinh stra gen CRISPR/Cas9 mubn hoat dong hi¢u qua va dac hiéu
trong nhan té bao, phan tir sgRNA phai dam bao cac dic diém sau: ¢6 s6 lugng GC
trong vung crRNA tir 30-80%, c6 cAu trac bac I 6n dinh (vong loop RAR, SL2 va
SL3 duoc duy tri), tong s6 cip Nu (TBP-total base pairs) < 13, s6 cip Nu lién tuc
(CBP-consecutive base pairs) < 8 va s cip Nu bén trong ciu trac crRNA (IBP-

internal base pairs) < 7 [91]. Két qua phan tich bang phan mém Mfold 2.3 cho thiy
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chi c6 sgRNA chtra crRNA-2 ¢6 thé duy tri dugc tat ca cac cdu tric vong loop dic
trung (RAR, SL1, SL2 va SL3), trong khi cac phan tir sgRNA chtra cac trinh tu
crRNA tng vién con lai déu bi pha v& 1 vong loop (SL1) (Hinh 3.16, Bang 3.8).
Tuy nhién, Liang G. et al. (2016) da chimg minh viéc mat cau tric vong loop SLI
trong cau trac bac II cta phan tir sgRNA khong gy anh hudng t6i kha nang hoat
dong cua phtrc h¢ CRISPR/Cas9 [91]. Vi vay, tat ca cac trinh tu crRNA thu duoc
déu c6 thé sir dung cho phirc hé CRISPR/Cas9 dé chinh stra 3 trinh ty EBE
(AvrXa7, PthXo3 va Tal5) trén SW14-BT & giéng lua BT7.

Pé dong thoi dam bao hiéu qua hoat dong cao va giam thiéu kha ning xay
ra hién tugng chinh stra sai vi tri cua phuc h¢ CRIPSR/Cas9 sau nay, 9 crRNA tiép
tuc dugc phan tich chi s6 “on-target” (kha niang hoat dong hiéu qua) va “off-target”
(kha niang gay dot bién sai vi tri) bang cong cu CRISPR trong phan mém Benchling
(Bang 3.9). Ba crRNA c6 tong diém “on-target” va “off-target” cao nhat (> 100
diém), bao gdm crRNA-2, crRNA-4 va crRNA-8 d3 duoc Iya chon cho budc phan
tich tiép theo.

Bang 3.9 Phan tich hiéu qua hoat dong ciia sgRNA mang cac crRNA ing
vién chinh stra SW14-BT

Tén Dich tac dong On-target' Off-target>  Tong
crRNA-1 AvrXa7, PthXo3 51,5 39,8 91,3
crRNA-2  AvrXa7, PthXo3, Tal5 57,1 49,2 106,3
crRNA-3  AvrXa7, PthXo3, Tal5 50,6 48,1 98,7
ctRNA-4  AvrXa7, PthXo3, Tal5 51,9 48,7 100,6
crRNA-5  AvrXa7, PthXo3, Tal5 50,3 49 99,3
ctRNA-6  AvrXa7, PthXo3, Tal5 40,3 48,6 88,9
ctRNA-7  AvrXa7, PthXo3, Tal5 48,4 49,6 98
crRNA-8  AvrXa7, PthXo3, Tal5 57,9 48,4 106,3
crRNA-9  AvrXa7, PthXo3, Tal5 27,8 46,1 73,9

Ghi chii: 'Diém dy dodn kha nang hoat déng hiéu qud cia sgRNA (tir 0 — 100); *(Off
target) Piém dy dodn tinh ddc hiéu ciia sgRNA (tir 0 — 100).
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Bing 3.10 Trinh tw DNA trong hé gen lia twong dong véi crRNA

) ‘ . | Vi| Khoing y
Tén Trinh tw DNA twong dong L. Ma so
tri | cach (Nu)*
ctRNA-2 | AATATTTA[CTCCCTCCAACC] - 5059 EPIOSAG00000012214
crRNA-4 | TGGTTAGT[ACCTGGGTGGAG] E 0 Os11g0140300
crRNA-8 | GCGACGAT[GAGCTTAGCACC] - 990 050720298900

Ghi chii: Chit trong ngodc thé hién trinh ti tirong dong véi viing 16i (12 Nu) ciia crRNA; chit in

déam thé hién vi tri sai khdc so véi vi tri Nu tuwong ung trén crRNA. *Khodng cach tw trinh tw DNA

tuwong dong voi crRNA dén vung mang trinh tw md hoa (codding sequence) gan nhat trong hé gen.
Stem loop 2

B P a.., Stemloop3

=]

40 Stem loop RAR

Hinh 3.16 Ciu triic bac II ciia sgRNA chira crRNA-8

Ghi chii: M6 hinh cau tric bic Il dwoc dw dodn bang phan mém Mfold 2.3 mang trinh
tw crRNA-8 va cdc cdu triic vong loop: Stem loop RAR (repeat and anti-repeat region),
Stem loop 2 va Stem loop 3.

Tiép theo, trinh tu va vi tri chinh x&c cia cac doan DNA tuong déng voi 3
crRNA (crRNA-2, crRNA-4 va crRNA-8) c6 trong hé gen lua tiép tuc duoc xac
dinh bang phan mém CCTop (Béang 3.10). Két qua phén tich cho thdy, crRNA-2
va crRNA-8 c¢6 mot trinh tu DNA twong ddng trong hé gen lta khong ndm trén
ving gen mi hoa; trong khi crRNA-4 ¢6 trinh tw DNA tyong dong nam trén ving
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ma hoda (exon) cua mot gen ma hda protein chua biét chirc nang - duoc dy doan la
c6 kha nang gdy anh hudéng dén hoat dong chirc nang cua t€ bao néu xay ra dot
bién sai vi tri mong mudn. Hon ntra, khi so sdnh tuwong quan vi tri tao DSB, phurc
hé CRISPR/Cas9 chira crRNA-2 tao DBS cach xa Tal5 hon so véi phuc hé
CRISPR/Cas9 chtra crRNA-8, nén dugc du doan Ia it c6 kha nang gay dot bién
dong thoi 3 EBE AvrXa7, PthXo3 va Tal5 (Hinh 3.17). Do d6, crRNA-8 da dugc
lya chon dé thiét ké cau trac CRISPR/Cas9 chinh stra gen muc tiéu.
v criiA-4
‘crRNA-2 v v criRNA-8
Tal5-EBE
LI CER
AvrXal EBE
TA box
CCTTCTTCCTTCCTAGCACTATATAAACCCCCTCCAACCAGGTGCTAAGCTCATCAAGCCTTCAAGCAAAGCAAA
GGAAGAAGGAAGGATCGTGATATATTTGGGGGAGGT TGGTCCACGATTCGAGTAGTTCGGAAGTTCGTTTCGTTT

Hinh 3.17 Vi tri nhan biét ciia crRNA trén SWI4-BT
Ghi chii: Miii tén thé hién vi tri tao DBS ciia phitc hé CRISPR/Cas9 chita crRNA ung

vién.

Nhu vay, téng hop cac két qué phan tich dg doan dac diém cau trac bac I1
kha nang hoat dong hi€u qua, tinh dac hi¢u va kha nang gay dot bién chinh xac
trén dong thoi 3 EBE AvrXa7, PthXo3 va Tal5 cua cic sgRNA, trinh ty crRNA-8
(Hinh 3.16, Hinh 3.17, Bang 3.9, Bang 3.10) da duoc lya chon cho thi nghiém thiét
ké céu trac vector CRISPR/Cas9 giy d6t bién SW14-BT theo co ché NHEJ.
3.2.2.2. Thiét ké cau tric biéu hién sgRNA chinh sira SW14-BT

Trong nghién ctru nay, vector pPENTR4-gRNA mang ciu trac biéu hién
RNA da duoc st dung cho muc dich thiét ké cau tric biéu hién sgRNA chinh stra
SW14-BT. Vector pENTR4-gRNA dugc tao ra tr khung vector thuong mai
pENTR4 (Invitrogen, Phu luc 5) dd dugc thay thé ving gen chon loc (ccdB va
ChIR) bang ciu triic chira promoter U6, spacer mang 2 vi tri nhan biét ctia Bsal (dé
chén crRNA), trinh ty ma hoa tracrRNA va ving két thiic phién ma (terminator)
(Hinh 2.4).

Dé thuén tién cho viéc ghép ndi trinh tu crRNA vao ciu tric biéu hién
sgRNA, trinh tu nucleotide soi doi ciia crRNA-8 (Bang 3.8) di dugc bd sung thém
4 nucleotide GTGT va AAAC lan luot vao 2 dau 5° cua trinh tu géc dé tao manh
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DNA c¢6 dau dinh bd sung véi trinh tu cta promoter U6 va tracRNA trén vector
pENTR4-gRNA (dat tén 1la gRNA-SW14). Vector pPENTR4-gRNA duogc xur 1y véi
Bsal; két qua dién di san phdm cit gii han trén gel argarose 1% thu duoc mot
bang DNA 3,2 kb duy nhét tuong tmg véi kich thudc vector mach thang (Hinh
3.18A, giéng 2). Manh DNA 3,2 kb sau khi tinh sach va duoc tiép tuc ghép ndi voi
gRNA-SW14 bang T4-DNA ligase va bién nap vao vi khuan E. coli. Bang phuong
phap PCR truc tiép khuan lac voi cip moi pEN-F/gRNA-SW14-R (Hinh 2.4, Phu
luc 4), cac khuén lac duong tinh c6 két qua PCR xuét hién bang DNA xép xi 0,44
kb da duoc xac dinh (Hinh 3.18B, giéng 1 - 4); diéu nay chimg t6 cac thé bién nap
c6 thé dd mang vector pENTR4-gRNA tai t6 hop.

WM 12 b

10,0~

43,2 kb

1,0~

0,5~ 0,44 kb

0,25~
0,1

A B

Hinh 3.18 Ghép ndi gRNA-SW14 vao vector pENTR4-gRNA
Ghi chii: San pham PCR va cdt giGi han dwoe dién di trén gel agarose 1%. (A) Cat gici
han pENTR4-gRNA bang Bsal; giéng 1: vector nguyén ban, giéng 2: san pham cdt giGi
han. (B) PCR kiém tra khuan lac bang cap méi pEN-F/gRNA-SW14-R; giéng 1 — 4. khuén
la khudn lac dwoc bién nap san pham ghép noi DNA; giéng 5: doi chirng ém (khudn la
khudn lac khong duoc bién nap DNA).

Plasmid dugc tach chiét tir mot khuan lac duong tinh va da duoc kiém tra
bang PCR v6i hai cip mdi pEN-E/pEN-R va U6-F/gRNA-SW 14-R (Hinh 2.4, Phu
luc 4). Két qua dién di trén gel agarose 1% cho thdy san pham PCR véi cip moi
dic hiéu cho vector pPENTR4-gRNA (pEN-F/pEN-R) va cap moi dic hiéu cho cu
trac biéu hién gRNA-SW14 (U6-F/gRNA-SW14-R) thu duoc cac bang DNA co
kich thudc 1an lugt khoang 1,4 kb (Hinh 3.19, giéng 1) va 0,28 kb (Hinh 3.19,
giéng 3) phu hop vai kich thudc 1y thuyét. Nguoc lai, cac thi nghiém déi ching
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am khong thu duoc cac bing DNA nay (Hinh 3.19, giéng 2 va 4). Nhu vy, plasmid
tai t6 hop thu dugc ding 1a vector pPENTR4/gRNA c6 mang trinh tw gRNA-SW14
(dat tén la pENTR4/gRNA-SW14) muc tiéu.

bé khéng dinh chinh xac sy c6 mat cua trinh tu crRNA dich trong pENTR4-
gRNA, vector tai td hop da dugc giai trinh ty nucleotide béng mdi dic hiéu cua
vector pPENTR4-gRNA. Két qua phan tich trinh tu (Hinh 3.20) chimg to trinh tu
crRNA dich (gRNA-SWi4) da dugc chén chinh xdc vao gitra tracrRNA va
promoter U6 trong ciu trac biéu hién sgRNA trén pENTR4-gRNA va khong xay

ra dot bién khong mong mudn.

Hinh 3.19 Kiém tra vector tai t6 hop pENTR4/gRNA-SW14
Ghi chii: San pham PCR dwoc dién di trén gel agarose 1%; giéng 1 va 3: khuén la vector
tGi t6 hop, giéng 2 va 4: doi chieng am (khéng ¢6 DNA khuén); giéng I va 2: PCR véi
cdp moi pEN-F/pEN-R; giéng 3 va 4: PCR véi cdp moi U6-F/gRNA-SW14-R.

tracrRNA Promoter U6

ERNA-SW14

Hinh 3.20 Giai trinh trinh twy pENTR4/gRNA-SW14
Ghi chii: Mét phan vector pPENTR4/gRNA-SW 14 duoc gidi trinh t nucleotide bang moi
Ter-R.
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Nhu vay, vector mang cau triac biéu hién sgRNA chinh sira SW14-BT da
duoc thiét ké thanh cong va duge bao quan dé phuc vu cho cac thi nghiém tiép
theo.
3.2.2.3. Thiét ké cdu triic T-DNA chinh sita SW14-BT

K§ thuat nhan dong Gateway duoc st dung phd bién trong céac thi nghiém
thiét ké vector biéu hién do c6 kha ning chuyén cac doan DNA kich thudc 16n
gifra cac vector nhan dong khac nhau. Hon nira, promoter Ubiquitin cua ng6 da
dugc ching minh 1a c6 kha ning hoat dong cao gap nhiéu lan cac loai promoter
hoat dong lién tuc khac trong té bao thuc vat, dic biét 1a laa [108]. Vi vay, trong
nghién ctru ndy ciu trac biéu hién sgRNA (di thiét ké & trén) da duoc ghép ndi
vao vector nhi phan pCas9 c¢6 chtra cu triic biéu hién protein Cas9 dugc diéu khién
bdi promoter Ubiquitin (c6 ngudn gbc tir ngd) théng qua hé théng "Gateway"
(Hinh 2.5).

Dé tao cdu triic T-DNA hoan chinh biéu hién phtc hé Cas9/sgRNA chinh
sira SW14-BT, cau trac [U6::gRNA-SW14] trén vector pENTR4/gRNA-SW 14
(ndm giita 2 trinh tu nhan biét artL] va artL2 cua clonase LR) (Hinh 2.3) dd dugc
ghép ndi tiép v6i cdu trac [Ubiquitin: Cas9:Nos] trén pCas9 (mang 2 trinh tu nhan
biét attR1 va attR2 cua clonase LR & hai phia ctia gen chon loc ccdB/CmR) (Hinh
2.5). San pham phan tmg Gateway duoc bién nap vao E. coli va sang loc bang
phuong phép PCR tryc tiép khuan lac. Plasmid tai t6 hop sau d6 duoc tach chiét
tr mot khuan lac duong tinh va duoc kiém tra bang PCR véi cac cap mdi khac
nhau: cip moi dic hiéu cho cdu trac biéu hién protein [Ubiquitin::Nos] (Ubi-
F/NOS-R), cap mdi dic hiéu cho Cas9 (Cas9-F/Cas9-R), cap mdi dic hiéu cho ciu
trac biéu hién sgRNA (U6-F/Ter-R) va cap mdi ddc hiéu cho gRNA-SW14 (U6-
F/gRNA-SW14R) (Hinh 2.3, Hinh 2.5, Phu luc 4).

Két qua dién di trén gel agarose 1% cho thay tat ca san pham PCR tir khudn
1a plasmid tai t6 hop déu cho mot bang DNA duy nhét, c6 kich thudc lan lugt
khoang 4,3 kb, 4,1 kb, 0,45 kb va 0,28 kb (Hinh 3.21, giéng 1, 3, 5 va 7); cac kich
thudc nay 1 phi hop véi kich thude tinh toan 1y thuyét ctia cac doan DNA duoc

nhan ban.
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Hinh 3.21 Kiém tra vector pCas9/gRNA-SW14
Ghi chii: San pham PCR duoc dién di trén gel agarose 1%; giéng 1, 3, 5, 5 va 7: khudn
la pCas9/gRNA-SW14; giéng 2, 4, 6 va 8: doi chirng dm (khong ¢6 DNA khuén); giéng 1
va 2: PCR véi cip moi Ubi-F/NOS-R; giéng 3 va 4: PCR véi cidp moi Cas9-F/Cas9-R;
giéng 5 va 6: PCR véi cap moi U6-F/Ter-R; giéng 7 va 8: PCR véi cap moi U6-F/gRNA-
SWI14-R; giéng M: thang chudn DNA 1,0 kb (iNtRoN).

Céc két qua nay chimg t6 plasmid tai to hop pCas9/gRNA-SW14 thu dugc
c6 mang dong thoi cau trac biéu hién gen Cas9 (diéu khién boi promoter Ubiquitin)
va cdu trac biéu hién gRNA-SW14 (dugc diéu khién boi promoter U6). Vector tai
t6 hop sau d6 di dugc giai trinh tu nucleotide (2.3.1.12) dé ching minh qué trinh
tai t6 hop chinh xéac cia cac cau traic DNA (Hinh 3.22).

LB « ,J, crRNA tracrRNA Ubi M =

Hinh 3.22 CAu triic vector pCas9/gRNA-SW14
Ghi chu: (LB) Bién trai; (RB) bién phdi, (Ubi) promoter Ubiquitin; (35S) promter 35S;
(OsU6) promoter OsU6; (Hyg R) gen chon loc HPT khang Hygromycin,; (Ter) vung két
thuc phién ma, (NOS) vung ket thuc phién ma Nopaline synthase.

Trong cac nghién curu twong tu, cAu trac biéu hién sgRNA co6 thé duoc thiét
ké bang nhiéu phuong thirc khac nhau, trong d6 phd bién nhit 13 str dung ki thuat
overlapping-PCR. Dé biéu hién phirc hé Cas9-sgRNA trong té bao lia, cac tac gia
thuong thiét ké ciu tric biéu hién sgRNA diéu khién bai promoter U3 hodc U6 va
ciu trac biéu hién Cas9 diéu khién béi promoter Ubiquitin ndm trén cung mot hé
vector nhi phan nham thuén tién cho budc bién nap vao té bao chu. Hé théng vector

nay dugc chimg minh 1a c6 kha ning dong nhat, hiéu qua va tao ra nhiéu dot bién
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c6 thé di truyén [92, 95]. Trong nghién ciru ndy, cdu tric biéu hién sgRNA diéu
khién bai promoter U6 nhan biét déng thoi vi tri cua 3 EBE Tal5, AvrXa7 va
PthXo3) trén SWI14-BT7 da dugc tao ra bang ki thuat ghép ndi DNA sir dung
enzyme Bsal va clonase LR. Cau truc [U6:gRNA-SW14] da duoc ghép ndi vao
pCas9 mang ciu trac [Ubiquitin:Cas9:NOS] (biéu hién protein Cas9) dé tao ra
vector chuyén gen thyc vat mang ciu trac biéu hién phurc hé protein-RNA chinh
sua SW14-BT7 (Hinh 3.22).
3.3 Tao dong lua BT7 chinh stra SWI14-BT
3.3.1 Tao chiing A. tumefaciens mang ciu triic T-DNA chinh siva SW14-BT
Pé tao vat lidu phuc vu thi nghi€ém chuyén gen vao laa BT7, vector
pCas9/gRNA-SW14 dugc bién nap vao té bao vi khuan A. tumefaciens EHA105
bang phuong phap sdc nhiét. Thé bién nap duoc kiém tra bang ki thuit PCR truc
tiép khuén lac véi cap mdi dic hiéu U6-F/Ter-R (Hinh 2.3, Phu luc 4). Két qua
dién di san phém PCR tir 5 khuén lac ngau nhién trong s6 cac khuan lac xuét hién
trén moi trudng chon loc ¢6 bd sung rifampicin 15 pg/mL va spectinomycin 50
ng/mL déu cho mot bang DNA duy nhat (Hinh 3.23, giéng 1 - 5) c6 kich thudce
khoang 0,45 kb twong tu két qua thi nghiém PCR tir khuén 1a pCas9/gRNA-SW 14
(Hinh 3.23, giéng 7). Diéu nay ching to ca 5 khuan lac déu di mang ciu triic
pCas9/gRNA-SW14.

M 1 2 3 4 5 6 7

kb

10,0-f
4,0+

2,0~

1,0~

0,5
0,3~

451 bp

Hinh 3.23 PCR truc tiép khuan lac A. tumefaciens dwgc bién nap
pCas9/gRNA-SW14
Ghi chii: San pham PCR triee tiép khuan lac A. tumefaciens véi cdp moi U6-F/Ter-R
duoe dién di trén gel agarose 1%. Giéng M: thang chudn DNA 1 kb; giéng 1 - 5: khuén
la khudn lac dwoc bién nap pCas9/gRNA-SW14, giéng 6: doi chirng am (khudn lac khéng
dwge bién nap DNA); giéng 7: doi chirng dwong (khuén la pCas9/gRNA-SW14).



104

Nhu vay, két qua nghién ctru di tao dugc chung A. tumefaciens mang ciu
trac T-DNA pCas9/gRNA-SW14 chinh sira SWI14-BT. Cac khuan lac mang
pCas9/gRNA-SW 14 dugc nudi cdy va bao quan & -80°C. Mot khuan lac (thé bién
nap c6 két qua PCR duong tinh) duoc sir dung cho thi nghiém chuyén gen vao

gidng lta BT7.
3.3.2 Chuyén ciu triic T-DNA chinh siva SW14-BT vao liia BT7

Ching vi khuin A. tumefaciens mang ciu trGc biéu hién phic hé
CRISPR/Cas9 chinh sira SW14-BT duoc dong nudi cay véi IE (11-13 DAP) cia
laa BT7 trén moi trudng in vitro c6 bd sung chat dan du Acetosyrigone 150 pg/L
theo quy trinh d t6i uvu (Hinh 3.7). Thi nghiém chuyén cau triic T-DNA chinh sira
SW14-BT viao lua BT7 sir dung mau IE dugc thuc hién theo 3 16 (L6 3 trong Luan
an 1a L6 5 trong bai bao), mdi 16 str dung 300 IE, mdi giai doan thuc hién cua quy
trinh duoc danh gia hiéu qua bang ti 1¢ phan tram so véi giai doan nudi cay trudc
do.

Bang 3.11 Két qua bién nap ciu tric pCas9/gRNA-SW14 vao lua BT7

Giai doan S6 mAu song sét/phit trién' Téngsé Til¢ miu
(Pon vi tinh) Lo 1 L6l Lemn  mau  séng? (%)
S6 IE (phoi) 300 300 300 900 -

Dong nudi cay (phoi) 269 230 275 774 86,00
Phuc hdi (phoi) 250 220 246 716 92,51
Chon loc I (m6 seo) 200 150 190 540 75,42
Chon loc II (m6 s¢o) 150 120 150 420 77,78
Chon loc IIT (m6 s¢o) 80 78 110 268 63,81
Tién tai sinh (md seo) 70 70 85 225 83,96
Téi sinh (cay) 38 30 47 115 51,11
Nha ludi (cay) 30 23 35 88 76,52

Ghi chi: 'Thi nghiém chuyén gen dwoc thiee hién 3 16 (I, I va 111); °Ti 1é mau song (%) =
S6 mau song sét ¢ giai doan quan sat/sé mdu song sét ¢ giai doan trudc lién ké) x 100%.
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Hinh 3.24 Chuyén ciu triic chinh sira SW14-BT vio laa BT7
Ghi chii: (A) Giai doan dong nuéi cdy; (B) Giai doan phuc hoi; (C) Giai doan chon loc
3; (D) Giai doan tién tdi sinh; (E) Giai doan tdi sinh; (F) Giai doan tao cdy hodn chinh.

r!ﬂﬂ!
cid Ak i)
0 g

raw
N

tl

Hinh 3.25: Cay lia BT7 chuyén gen.
Ghi chii: Cdy liia BT7 tdi sinh mang cdu triic T-DNA dwoc cham séc trong diéu kién nha
lweGi. Hinh anh dwoc ghi lai sau 40 ngay (4) va 70 ngay (B) trong gid thé dat.
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Sau 7 ngdy nudi cay trén moi truong tién tai sinh (chtra khang sinh), mé seo
tang sinh nhanh, c6 ddm xanh va bat dau tai sinh chdi khi dugc chuyén sang moi
truong tai sinh sau 3 — 4 tuan véi khoang 50% s6 mo seo xuét hién 1 — 2 chdi hitu
hi¢u (Hinh 3.24). Tht ca cay con tai sinh da thu dugc tur 3 16 thi nghiém, bao gém
38 cay 10 I (duogc ki hi€u 1.01 - 1.38), 30 cay 16 11 (duoc & dugc ki higu 2.01 - 2.30)
va 47 cay & 16 chuyén gen tht ba (dugc duoc ki hiéu 3.01 - 3.47) dugc chuyén
trong vao chiu gia thé & didu kién nha ludi. Két qua chi 88 cay sdng sot ¢ diéu
kién nha ludi, dat ti 18 sdng sot 76,52% tinh trén s6 cay tai sinh va xap xi 10% tinh
trén tong s6 IE ban dau lay nhidém (Hinh 3.25, Bang 3.11). Cac cdy tai sinh nay
duoc chuyén tréng sang chau dét 16n hon va tiép tuc cham séc¢ phuc vu céc thi

nghiém danh gia kiéu gen va kiéu hinh tiép theo.

3.3.3 Sang loc kiéu gen va kiéu hinh ciia dong lita BT?7 tdi sinh
3.3.3.1. Xdc dinh dong hia BT7 chuyén gen Tp

Dé xac dinh su c6 mat cua ciu tric pCas9/gRNA-SW14 trong hé gen, 88
dong lta BT7 tai sinh song sot trong diéu kién nha ludi da dugc tach chiét DNA

tong s tir 14 va kiém tra bang PCR véi cac cdp moi khac nhau (Bang 3.12).

Bang 3.12 Két qua sang loc kiéu gen cac dong lia BT7 tai sinh

S6 cAy dwong tinh*  Téng sb

Thi nghiém R
L6 LéIl Lo  cay
Trdng cdy tai sinh trong nha ludi 30 23 35 88
PCR vé6i méi dic hiéu cho Actin® 30 23 35 88
PCR véi moi dac hiéu cho HPT? 28 20 30 78
PCR vé6i moi dic hiéu cho Cas9* 28 20 28 76
PCR véi mdi dic hiéu cho céu tric sgRNA® 28 20 28 76
gPCR xac dinh ciy c6 1 ban sao cua T-DNA® 14 9 14 37

Ghi chii: “S6 cdy c6 két qua PCR dwong tinh; *Sé cdy ¢ 2°' tir 0,4 — 0,57; "Thi nghiém
chuyén gen dwoc thue hién 3 16 (I, 11 va I11).

Trong thi nghiém nay dé danh gia chat luong DNA tach chiét tir cac cay laa
tai sinh, mau DNA tinh sach d& duogc kiém tra bang PCR v&i cip mdi dic hiéu cia

Actin. Két qua kiém tra d thu duoc bang DNA c6 kich thudc khoang 0,2 kb ¢ tat
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ca cac miu DNA tach chiét tir ciy lua tai sinh va cdy lua WT, ching t6 cac mau
DNA tach chiét déu dat yéu cau cho thi nghiém PCR tiép theo.

Pé xac dinh sy c6 mit cua cu trac chuyén gen pCas9/gRNA-SW14 trong
cac dong lua BT7 tai sinh, 3 cap mdi dic hiéu cho gen chon loc HPT, Cas9 va cédp
ciu trac [U6:gRNA-SW14] da duoc st dung cho PCR. Két qua phén tich di xéac
dinh dugc 78/88 cay lua tai sinh (dat ti 1€ 88,63%) co két quéa PCR duong tinh voi
moi ddc hiéu cta gen chon loc HPT, cho biang DNA kich thudc khoang 0,6 kb.
Tuy nhién, trong s6 nay, chi c6 76/78 mau cho két qua PCR dwong tinh vé6i cap
moi ddc hidu cta Cas9 (0,15 kb) va ciu trac [U6:gRNA-SW14] (1,4 kb) (Phu luc
8). Piédu nay c6 thé giai thich 13 do trong qué trinh T-DNA chén vao nhiém séc thé
ctia cay chii di xay ra hién tugng “sap xép lai” vi tri cac trinh ty trong cau trac T-
DNA, dan t&i cap moi (dung dé kiém tra) khong thé lién két véi vi tri cta gen dich
trong NST (cho két qua PCR am tinh), trong khi van c6 thé lién két véi vi tri ctia
gen chon loc (cho két qua PCR dwong tinh) [148]; hodc ¢ thé 13 hién tuong PCR
duong tinh gia. Mic du vay, két qua sang loc bang PCR di cho phép két luan da
thu dugc cac dong la chuyén gen To mang ciu tric T-DNA biéu hién phirc hé
CRISPR/Cas9 chinh stra SW14-BT.

Trong cac nghién ctru chuyén gen thuc vat, ¢ dam bao kha ning hoat dong
clia cac ciu truc biéu hién gen chuyén, cic dong ciy chuyén gen c6 nhiéu hon 1
ban sao ctia gen chuyén thudng dugc loai bo [148]. Chinh vi vay, trong nghién ctru
nay, cac dong laa To co két qua PCR duong tinh v6i ca 4 cap mdi dic hiéu dugc
tiép tuc phan tich bang qPCR dé xac dinh sb ban sao cua ciu tric chuyén gen
(thong qua dinh lugng sb ban sao ciia gen HPT) trong hé gen. Phan tich qPCR cho
thay 37/76 dong lta To c6 gia tri 22 tir 0,4 — 0,57 twong (g v4i mot ban sao trong
hé gen (Bang 3.12; Phu luc 9).

Nhu vy, cdu triic biéu hién protein Cas9 va sgRNA (mang gRNA-SW14)
da dugc chuyén thanh cong vao lta BT7; hiéu suat chuyén gen trung binh ciia toan
bo quy trinh dat 8,44% (76 ciy mang ciu trac biéu hién gen/900 IE lay nhiém).

Tuy nhién, chi cac dong la c6 mang mdt ban sao cua cau trac T-DNA chua day
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du gen HPT, Cas9 va cu trac [U6:gRNA-SW14] (37 cay) duoc chon cho phén tich
sang loc dot bién tiép theo.
3.3.3.2. Xac dinh dot bién SW14-BT 6 cdc dong liia BT7 chuyén gen Ty

T7E!1 endonuclease 1a enzyme c6 ngudn gbc tir thuc khuan thé T7, co kha
nang nhan biét va cat tai cac diém bét cap sai gitra 2 sgi don cua phan tir DNA so1i
d6i, duogc sir dung rat phd bién trong céc thi nghiém sang loc dot bién tao ra boi
céc hé thong chinh sira gen. Vi vy, trong nghién ciru nay, cac dong laa BT7 mang
mot ban sao cua cau truc chuyén gen ciing duoc xir Iy v6i enzyme T7E1 dé xéc
dinh hiéu qua gy dot bién trinh tu dich (SW14-BT) cia cau traic CRISPR/Cas9 di
thiét ké. Trong céc thi nghiém chinh sira gen bang hé théng CRISPR/Cas9 theo co
ché sira chita khong twong dong (NHEJ), CRISPR/Cas9 c6 thé tao ra dot bién gen
dich ¢ ca dang dong hop, di hop va bi-alen (2 dot bién khac nhau trén 2 cip NST
tuong dong). Pé cac dang dot bién dong hop khong bi bo sét, san pham PCR nhan
ban trinh tu gen dich cua cay laa BT7 khong chuyén gen (Hinh 3.26A, giéng WT)
duogc 1an luot tron 1dn véi san pham PCR tir cac dong lua chuyén gen To (Hinh
3.26A, giéng 1-10) theo ti 18 1:1, sau d6 dugc xtr Iy v6i T7E1 dé xac dinh dot bién
(Hinh 3.26B).

Két qua dién di san pham PCR sau khi xir Iy v6i enzyme T7E1 cho thay
30/37 dong laa To (trong d6, 12 dong thudc 16 chuyén gen 1; 8 dong thudc 16 2 va
10 dong thude 16 3) xuét hién 3 bang DNA co6 kich thudc khoang 0,7 kb, 0,4 kb va
0,3 kb, trong khi cdy WT va cic cdy con lai chi xuit hién 1 bang DNA kich thudc
0,7 kb, tuong duong voi kich thudc ly thuyét cua doan gen dich dugc nhan ban
(711 bp). Két qua nay budc dau cho thdy ciu tric pCas9/gRNA-SW14 di dugc
biéu hién trong té bao cay chu, tong hop ra phirc hé Cas9-sgRNA gay dot bién trén
vung promoter OsSWEET]I4 cta ciy lta chuyén gen. Hiéu suat chinh sira cia céu
tric da thiét ké tinh trén sb cady mang mdt ban sao cua gen chuyén dat 78,38%
(29/37 dong) va dat 3,2% (29 dong/900 phéi) tinh trén toan bd quy trinh. Hiéu sut
nay ciing twong dwong véi hiéu suat chinh sira gen OsBADHI & gidng lta ASD16
bang cong nghé CRISPR/Cas9 di dugc cong bd trude ddy [32]. Trong nghién ciru
nay, cac tac gia da thu dwoc 10 cdy mang dot bién tir tong sb 400 IE dugc lay

nhiém ban dau.
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711 bp

Hinh 3.26 Xic dinh dt bién trén SW14-BT bing T7E1
Ghi chii: (A) San pham PCR nhén ban SW14-BT bang cap moi SW14-t-F/SWI14-t-R. (B)
San pham PCR nhén ban SW14-BT tir mau kiém tra dwoc trén véi doan SW14-BT nguyén
ban va xir Iy bang T7EI. Giéng 1-10: mdu liia BT7 chuyén gen; giéng WT: mau liia BT7
khéng chuyén gen; giéng (-) doi chirng am; giéng (+) doi chirng dwong; giéng M: thang
chudn DNA 1,0 kb (4) va 100 bp (B).

Bang 3.13 Kiéu gen SW14-BT ciia cac dong lia chuyén gen T

Kiéu gen Tén dong/Loai ddt bién S6 dong
1.01(-5), 1.03(-5), 1.09(+2), 1.10(-3), 1.12(+3), 1.18(-1),
Di hoo® 1.24(-2), 1.26(+1), 2.06(+1), 2.13(-2) 2.18(-2), 3.02(+3), 20
Hhop 3.04(-3), 3.06(-2), 3.10(-4), 3.11(-6), 3.13(-1), 3.19(+3),
3.21(-1), 3.25(-1)
Ddng hop® 1.15(-6), 1.23(+1), 2.08(+3), 2.17(+1) 04
. 1.05(-3/-2), 1.07(-5/-1), 2.02(-3/-5), 2.04(-3/+1),
Bi-alen® 08
2.12(-1/-4), 3.14(-4/-5), 3.27(-1/-5), 3.45(+1/-3)

Khong dot bién 1.14,1.20,2.11, 3.07, 3.15 05
Ghi chir' “Di hop: Dot bién trén mot alen;; bDo”‘ng hop: Dot bién giéng nhau trén cd 2 alen;
“Bi-alen: Dt bién khdc nhau trén ca 2 alen; Ki tir trong ngodc nam sau tén dong hia thé
hién sé Nu dgt bién thém (+)/mat () trén SW14-BT.
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Dé xac dinh chinh xac kiéu gen SWI14-BT, 37 dong laa mang mot ban sao
ciu trac T-DNA (Phu luc 9) tiép tuc duoc giai trinh ty ving promoter OsSWEET4.
Két qua phan tich trinh ty Nu ciia cac dong lua chuyén gen To bang phan mém
BioEdit va CRISPR ID di xac dinh dugc 32/37 dong c6 mang dot bién trén ving
trinh tu dich SW14-BT (Bang 3.13). Diéu nay ciing cho thiy phwong phap sang loc
dot bién béng T7EI c6 két qua khé chinh xac [119], mic du van c¢6 hién tugng 4m
tinh gia (2/32 cay khong phat hién dugc dot bién). Hon nita, ti 16 ciy chuyén gen
mang dot bién 86,48% trong nghién ctru nay tuong tu véi két qua ciia nghién ctru
dd cong bd trude day, khi sir dung cung bd khung vector biéu hién phuc hé

CRISPR/Cas9 [159].

o« Ao F 1
< . 1

[

Tais

3 £ '?NA AR
WT TTAATTCCCTCTTCTCAATGABAABABABAABABCTBBTAATCAGCTACTACTTEABTTTECTTTECTTBAABBCTTEATGABC T TAGCACC TGBTTGE
1.03 Alenl TTM]TCCCTCWCTCMWWCT&TMTCWTACTMW&W@CWWTM J\CL,TOBTTGG
Alen Il UM'ITCGGTCTTCTCMTWAWCTGGTMTCAGCTACTM)TTGA@TTTGDTHGC"MCTTG&TMCTU\I CACCTGGTIBE wr

WT TTANTTCOCTCTTCTCANTGAGAAGAGAGMGAGCTBBTATCABCTACTACTTBAGT TTGCTTTBCTIBABBCTIGATBAGOT TAGCACC 1G5 TTE8
1.15 Aenl TIAATICCCTCTICICAATGAGAAGABAGAAGABCTEBTAATCABCTACTACTTBAGTTTGECTTTGCTIGAABGCTTBATGABCTTAGCA—— 160 -5
Aenll TTAATTCCCTCTTCTCAATGAL WMCTaiTMTCmTACTﬁmmmm@annﬁﬂTwnﬁ&CA — T&'J 6

WT TTAATTCCCTCTTCTCAATEABAABABABANBABC TEBT AR TCABCTACTACTTBABTTTBCTTTBCTTBAABBCTTBATBABCTTAGCAC- CTGBTTEE
3.06 Aenl TIAATICCCTCTTCTCAATGABAAGABABAABAGCTBETAATCABCTACTACTTBABTTTGCTTIGCTTGAAGECTIBATBABCT TAGCAC-CTGGTTGE
Menll TTAATTCCCTCTTCTCAATGABAAGAGAGAAGAGCTGGTAATCABCTACTACTTGAGTTTGCTTTGCTIBGAABBCTTBATBAGCTTAGCACTCTGGTTGE +1

WT TTAATTCCCTCTTCTCAATBABAAGABABAGAGCTEETAATCABCTACTACTTBABT TTECTTTGCTTGAABECTTBATBAGCTTAGCACCTGGTTGE
3.4 Alenl TTMTYCcCTcTTcTcAATGAWMG&GCTGBIMrcmcmcmcnwmmecnwmmremmrm —_.Lmums 4
Alen il TTAATTCCCTCTTCTCAATGAGAAGAGAGABABCTEETAATCABCTACTACTTGAGTTIGCTTTECTIGAABGCTTGATGAGCT———CCTGGTTEE 5

Hinh 3.27 Giii trinh tw SWI14-BT7 ciia cac dong lia BT7 chuyén gen T
Ghi chii: Cot ki tir bén trdi thé hién tén dong hia chuyén gen (1.03, 1.15, 2.06, 3.14) va
khong chuyén gen (WT). Cot ki tw bén phdi thé hién logi dot bién; ki tw sé thé hién s6 Nu
dot bién thém (+) hodc mdt (-) trén SW14-BT, (WT) khéng dot bién. Vi tri cac EBE Tals,
PthXo3 va AviXa7 dwoc danh ddu bcing miii tén, duong nét dut (---) thé hién trinh tu
crRNA-S.

Két qua phan tich chi tiét trinh ty SW14-BT cua 37 dong laa chuyén gen thé
hé To (Hinh 3.27; Bang 3.13) cho thiy cac dot bién dugc phat hién déu 1a cac dot
bién nho thém hodc mat tir 1 — 6 Nu; khong co dot bién thay thé Nu nao dugc xuit
hién trong cac dong lua BT7 chuyén gen To. Cac dot bién ndy déu xay ra xung
quanh vi tri DSB (theo tinh tinh toan 1y thuyét) do phirc hé Cas9/gRNA tao ra trén
SW14-BT (cach 3 Nu phia trudc trinh tur bao tha PAM) (Hinh 3.27), phu hop véi
céc nghién ctru vé CRISPR/Cas9 da cong bd [112]. Bén canh d6, kiéu gen dot bién
SW14-BT cua cac dong laa chuyén gen thu duoc bao gom ca 3 dang, trong dé chu
yéu 1a dot bién di hop (dot bién trén mot alen) chiém 62,5%; dot bién déng hop
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(46t bién giéng nhau trén ca 2 alen) va dot bién “bi-alen” (46t bién khac nhau trén
2 alen) chiém ti 1¢ 1an lugt 12,5% va 25,0%.

Trong nghién ctru chinh stta OsSWEET14 trudc day, mac du cling thu duoc
hai dang dot bién thém va mat Nu tai chinh xéc vi tri gen dich va khong co dot
bién thay thé Nu nao xuét hién [34, 88] twong tu nhu nghién clru nay; s6 Nu dot
bién trén gen dich rat khac nhau. O nghién ctru chinh stta OsSWEETI4 trén giong
lua Basmati bang cong nghé CRISPR/Cas9, céc tac gia da thu duoc 2 dong dot
bién mit 4 Nu va mat 24 Nu & cach 3 Nu phia trude vi tri cia PAM [151]. Trong
khi @0, s6 Nu dot bién & vi tri gen dich duoc chinh stra bang cong nghé TALEN &
gidng lua Kitaake c6 giao dong 1on hon, tir 1 dén 58 Nu [34, 88]. Nhu vdy, rd rang
c6 sy khac nhau vé s6 Nu thém vao hodc mat di ¢ cac dong lta chinh stra gen gitta
cac gidng lua khac nhau (Kitaake, Basmati, BT7) va cong nghé chinh stra gen khac
nhau dugc s dung (TALEN va CRISPR/Cas9) khi cung chinh stra gen dich EBE
AvrXa7 theo con duong NHEJ.

Tém lai, bang phuong phap chuyén gen thong qua A. tumefaciens, ciu trac
biéu hién phttc h¢ CRISPR/Cas9 chinh stra SW14-BT da dugc chuyén thanh cong
vao IE giéng lta BT7 va tao ra mot s6 dong laa dot bién trén ving trinh tu dich
(goi tat 1a dong aa chinh sira gen). Cac dong lta chinh stra gen nay dugc tiép tuc
duoc trong trong didu kién nha ludi dé phuc vu cac phan tich tiép theo.
3.3.3.3. Panh gia kha nang sinh truong cua dong lua BT7 chinh sua gen Ty

Dé budc dau xac dinh qua trinh nudi ciy in vitro va chuyén gen c6 anh
hudng t6i kiéu hinh cta cac dong lta BT7 chinh sira gen hay khong, kha ning sinh
truong va phat trién ciia cac dong Iua To dd duoc theo ddi va danh gia dudi diéu
kién chdm soc trong nha ludi. Két qua quan sat cho thiy tat ca cac cay lua déu co
strc sdng kém hon so vai cac cay lua duge gieo trong truc tiép tir hat, trong d6 ¢
8 dong (1.09; 1.24; 2.12; 2.17; 3.06; 3.11; 3.25; 3.45) khong thé séng sot dén khi
thu hat va 4 dong (1.05; 1.26; 3.04; 3.13) hoan toan khong thu dugc hat chéc (Phu
luc 10). Céc chi ti€u sinh truéng khac ctia cac dong lua chinh stra gen OsSWEET14
sai khac khong déng ké so v6i dong lua ddi ching tai sinh tir mé seo khong chuyén

gen (Hinh 3.28). Két qua nay goi y rang viéc chuyén cu tric T-DNA va dot bién
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tao ra bai phitc hé CRISPR/Cas trén OsSWEETI4 c6 thé khong gay anh huong t6i
kha ning sinh trudng cua cay lua BT7. Viéc cay mat sirc séng hodc khong tao hat
chic & mot s6 dong c6 thé do anh hudng ton du tu qua trinh tai sinh in vitro. Tuy
nhién, cac gia thuyét nay can duoc phan tich sau hon ¢ céc thé hé sau, khi sd luong

mau phan tich du 16m.

Hinh 3.28 Ciy lia BT7 chinh sira gen Ty trong trong nha lwéi
Ghi chii: Cay hia BT7 mang dot bién SW14-BT diwoc cham séc trong diéu kién nha lhedi.
Hinh dnh dwoc ghi lai sau 15 ngay (4) va 35 ngay (B) trong trén gid thé dat; (C) Hat hia
BT7 chinh sira gen.

Mic du cac dong lta chinh sira gen To khong c6 su khac biét dang ké vé
kiéu hinh (hinh thai, mau sic 14, hinh dang va chiéu dai hat) va cac chi tiéu sinh
trudng phat trién (chiéu cao cay, s6 14, sé nhanh, thoi gian tré bong) nhung hau hét
céc dong chinh sira gen déu c6 ti 18 hat 1ép cao gap nhiéu lan so véi cy di chimg
khong chuyén gen ¢ cliing diéu kién nudi trong. Hon nita, kha ning tao hat chic
ctia cac dong lta chinh sira gen ciing khong dong déu (Bang 3.14). Vé mat 1y
thuyét, cac gen OsSWEET c6 chic nang van chuyén dudng trong té bao va tham
gia vao qua trinh 1am day hat [47, 127]. Tuy nhién, dé danh gia chinh xac cac dot
bién (Indel) trén SW14-BT c6 lam anh huéng dén chirc ning lam day hat ciia gidng
BT7 hay khong, cac phan tich & cac thé hé tiép can dugc thuc hién véi sd luong
mau 16n hon.

S6 hat chic thu dugc cua cac dong laa BT7 Ty chinh sira gen duoc luu gitr

va bao quan dé phuc vu céc thi nghiém phan tich tiép theo.
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Bang 3.14 Kha nang tao hat cia dong laa BT7 chinh siwra gen Ty
Tén dong lia To S0 hat chic Tén dong lia Ty  S6 hat chic

1.01 53 2.06 5
1.03 32 2.08 14
1.07 08 2.11 10
1.10 61 2.18 7
1.12 58 3.02 11
1.15 44 3.10 8
1.18 11 3.14 55
1.23 29 3.19 6
2.02 68 3.21 18
2.04 37 3.27 16

3.3.4 Sang loc kiéu gen va kiéu hinh ciia dong liia BT7 chinh sira gen T
3.3.4.1. Xdc dinh kiéu gen ciia cdc dong liia BT7 chinh sira gen T}

Dé danh gia sy phéan ly vé kiéu gen cuia cac dong lua BT7 chinh sira gen &
thé hé T, cac cay lta T thu duogc tir 9 dong lta Ty (thu dugc nhiéu hat, bao gé)m
1.01,1.03,1.10, 1.12, 1.15, 1.23, 2.02, 2.04, 3.14) dugc gieo tréng va tiép tuc phan
tich va sang loc. Két qua gieo trong trong diéu kién nha ludi da thu duoc 294 cay
laa T sdng sot, sinh trudng, phét trién tot.

DNA tong sb ctia cac dong laa Ti duoc tach chiét va 1an luot kiém tra bang
PCR véi cap mdi dic hiéu cho gen ndi chuén Actin va ciu trac T-DNA dé xac dinh
su ¢ mit cta cau trac chuyén gen trong hé gen (Bang 3.15). Két qua thu duoc cho
thay tat ca 294 dong lta T; tir 9 dong laa To déu cho két qua PCR duong tinh véi
cap mdi Actin-F/Actin-R, chimg t6 cac miu DNA tach chiét déu dat tiéu chuan dé
sang loc cdy chuyén gen bang PCR. Déi v6i 3 cap mdi dic hiéu cho cdu tric T-
DNA, bao gdm HPT, Cas9 va cau tric [U6:gRNA-SW14], két qua PCR thu duoc
tuong ty nhau, 217/294 dong laa Ti c6 mang gen chuyén (két qua PCR duong
tinh).

Céc dong laa To dugc phan tich déu mang 1 ban sao ciia cau trac T-DNA.
Do do, theo 1y thuyét, su phan ly cua cAu trac biéu hién T-DNA, bao gém ca chu

tric biéu hién Cas9, gRNA va gen chon loc HPT & tat ca cac dong lua phan tich
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s& tuan theo dinh luat Menden (3:1). Két qua phan tich ti 1¢ phan ly cau tric T-
DNA & thé hé T cua timg dong lta Tobang kiém dinh »? déu thu duoc gia tri * <
3,84 (a = 0,05) (Bang 3.15), cho thiy su phan ly phu hop véi ti 18 phan ly di truyén
mong doi 3:1 theo dinh ludt Menden. biéu nay chung té cAu triic T-DNA d3 duoc
di truyén chinh x4c tir thé hé cay To sang thé cay Ti.

Bang 3.15 Phén ly di truyén ciu tric T-DNA ciia dong lia BT7 Ty

S0 ciy Di truyén céu triic T-DNA & thé hé T,
Tendong To Ty tllf;em Actine HPT, sgRNA» Cas9% o> (3:1)*
1.01(-5/WT) 40 40 5 5 5 3,333
1.03(-5/WT) 25 25 4 4 4 1,080
1.10(-3/WT) 36 36 12 12 12 1,333
1.12(+3/WT) 40 40 15 15 15 3,333
1.15(-6/-6) 31 31 9 9 9 0,269
1.23(+1/+1) 17 17 4 4 4 0,020
2.02(-3/-5) 49 49 10 10 10 0,551
2.04(-3/+1) 23 23 8 8 8 1,174
3.14(-4/-5) 33 33 10 10 10 0,495
Téng cong 294 294 77 77 77

Ghi chii: “S6 cdy c6 két qua PCR duong tinh; S cdy c6 két qua PCR am tinh; " Y051 = 3,84.

Tiép theo, mot phan SW14-BT (711 bp) dugc nhin ban biang PCR véi cip
moi SW14-t-F/ SW14-t-R tir DNA tong s ctia 294 ciy T va giai trinh ty Nu dé
danh gia su phan ly di truyén ciia cac dot bién tao ra bai hé théng CRISPR/Cas9.
Két qua phan tich trinh ty SW14-BT d3 chi ra rang tat ca cac dot bién quan sat duoc
& thé hé Ty déu di truyén chinh xac sang thé hé Ti; cac cay lua Ty thudc cung mot
dong To déu mang cac dot bién da co o thé hé bd me va khong xay ra hién tuong
xuat hién dot bién méi (Bang 3.16). Bén canh do, tat ca dot bién tao ra boi cau tric
CRISPR/Cas9 trén cac dong lta chinh sira gen To mang dot bién di hop hay bi-
alen déu phan ly theo ti 1¢ Menden 1:2:1 & thé hé T, ding nhu du doan (% < 5,99,
a = 0,05). Quan sat nay ciing twong ty nhu cac nghién ciru chinh stra gen bing hé

théng CRISPR/Cas9 trudce day, trong d6 da chung minh dot bién dugc tao ra cd
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thé di truyén 6n dinh qua cac thé hé, dic biét 1a trong cac dong laa chinh sira gen

khéng chira cdu trac T-DNA [139, 157].

Bang 3.16 Phan ly di truyén dot bién SWI4-BT & dong liia chinh sira gen T

Tén dong To Skﬁi giytrTal Phén ly dot bién® (1:%?1)1*
1.01(-5/WT) 40 12(-5), 18(-5/WT), 10(WT) 0,600
1.03(-5/WT) 25 4(-5), 16(-5/WT), 5(WT) 2,040
1.10(-3/WT) 36 8(-3), 13(-3/WT), 15(WT) 5,500
1.12(+3/WT) 40 6(+3), 18(+3/WT), 16(WT) 5,400

1.15(-6/-6) 31 9 (-6/-6) -
1.23(+1/+1) 17 4 (+1/+1) ;
2.02(-3/-5) 49 18(-3), 22(-3/-5), 9(-5) 3,816
2.04(-3/+1) 23 7(-3), 7(-3/+1), 9(+1) 3,870
3.14(-4/-5) 33 13(-4), 14(-4/-5), 6(-5) 3,727

Ghi chii: “Phén ly di truyén dot bién SW14-BT ciia cdy T sinh ra tir ciing mot dong
Ty. Ki tir trong ngodc thé hién s6 Nu dot bién thém (+) hodc mat (-) trén SW14-BT;
(WT) khéng dot bién; °y005. 2= 5,99. (-) Khéng danh gid.

Biang 3.17 Kiéu gen SWI4-BT ciia cic dong lia BT7 T; mang dot bién dong
hgp va khong chira T-DNA
STT TéndongTi  Loai dot bién' Vi tri dot bién?

1 1.01.28 -5 (GCTAA) 22
2 1.10.15 -3 (GGT) 19
3 1.12.07 +3 (GCA) 15
4 1.15.21 -6 (CCAGGT) 16
5 1.23.04 +1(T) 20
6 2.02.01 3 (TGC) 21
7 3.14.13 -5 (TGCTA) 21
8 3.14.21 -4 (GTGC) 20

Ghi chii: 'S6 Nu thay doi trén SW14-BT: (+/-) thém/mat Nu; ki tw trong
ngodc thé hién Nu thay doi trén SW14-BT; *Vi tri cuia dot bién tinh tir dau
5’ cua EBE AvrXa7.
Céc cong bd trudc ddy da phat hién ring cac bién thé khac nhau cua trinh
tu EBE trong tu nhién cling nhu cac dot bién nhan tao trén cac vi tri khac nhau cua

gen S trong cac dong ltia chinh stra gen tao ra anh hudng khac nhau dén tinh khang
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bac 14 cta cdy laa [34, 61, 88, 151, 152]. Vi du, viéc mat 1 Nu dau tién ¢ dau 5’
ctia EBE Tal5/TalF 1a du dé tao ra tinh khang cho ciy ltia Kitakee chinh stra gen
dbi v6i ching Xoo BAI3 (chau Phi) va PXO86 (chau A) biéu hién protein Tal5
[34, 61]. Tuong tu, cay lia mang cac dot bién mat Nu trén EBE AvrXa7, dic biét
& vi tri Nu phia ddu 5° gan véi vi tri cia hop TATA ciing c¢6 kha ning khang véi
cac chung Xoo mang gen ma hoa AvrXa7 [88, 151, 152]. O nghién ctru nay, két
qua giai trinh ty Nu d3 xac dinh duoc dot bién xuét hién trén SWI14-BT cia cac
dong 1ua chinh sira gen T chil yéu nam rai réc tir vi tri 15 — 22 tinh tir dau 5° cua
EBE AvrXa7, trong d6 mot vai dot bién mat Nu chéng 1ap 1én dau 5' cua EBE Tal5
(Hinh 3.27).

V61 muyc tiéu tao dong lua chinh stra gen khang bac 14 khong mang DNA
c4u triic T-DNA chinh stra gen, 8 dong Ia Ti c6 kiéu gen dot bién SW14-BT dong
hop dai dién cho mdi dang dot bién, khong chira cAu trac T-DNA (co két qua sang loc
PCR am tinh v6i 3 cap moi dic hiéu cho HPT, Cas9 va cAu trac biéu hién sgRNA),
da duogc lwa chon (Bang 3.17) dé tiép tuc phan tich va danh gia & cac thi nghiém tiép
theo.

3.3.4.2. Panh gid kiéu hinh ciia cdc dong lia BT7 chinh sira gen T

Tam dong lta T1 mang dot bién SW14-BT ddng hop va khong chira cau triic
T-DNA trong hé gen (Bang 3.17) duoc cham soc trong diéu kién nha ludi va danh
gia mot sd chi tidu ndng hoc chinh dé danh gia kha ning sinh truéng va phat trién.
Két qua so sanh kiéu hinh (Bang 3.18) cho thdy 8 dong lua chinh sira gen Ti ¢6
kha ning sinh trudng phat trién khong khac biét rd rét so v6i dong d6i ching khong
chuyén gen vé tat ca cac chi tiéu dugc danh gia, bao gom thoi gian sinh trudng
(102-105 ngay), chidu cao (100-110 cm), s6 bong/cay (7-8 bong). Dic biét, ca 8
dong laa chinh stra gen déu thu duoc sb hat chéc trén bong (dat trung binh tir 73

dén 86 hat) gan twong dwong véi dong d6i chimg (dat trung binh 86 hat).
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Bang 3.18 Két qua danh gia kiéu hinh dong lia BT7 chinh sira gen T,

Tén dong Th(‘zi gian si‘nh Chiéu cao A S6 A S6 Pat Shi'ic
truong (Ngay) (cm) bong/cay trén bong

PC 105 104,05 8 86,24+ 1,6
1.01.28 102 107,3 8 83,05+ 1,40
1.10.15 104 103,5 7 79,34+ 1,29
1.12.07 105 100,4 7 82,38 £ 1,51
1.15.21 103 101,8 7 81,50+ 1,50
1.23.04 104 100,1 7 77,71+ 1,16
2.02.01 105 101,3 7 79,08 + 1,39
3.14.13 105 101,7 8 86,71+ 1,52
3.14.21 104 100,8 8 73,01 + 1,50

Ghi chii: (PC) Céy hia BT7 khéng chuyén gen.

Cac quan sat budc dau dd chi ra ring cac dot bién trén promoter
OsSWEETI4 tao ra boi phitc hé CRISPR/Cas9 c6 thé khong gy anh huong tiéu
cuc dén ning suét ctia lta BT7. Tuy nhién, dé c6 thé danh gia duoc chinh xac hon,
céc phan tich can dugc thyc hién ¢ thé hé tiép theo (v6i s6 lugng mau phan tich
16n hon). Vi véy, cac dong ltia T chinh sira SW14-BT nay di duoc gieo trong trong
diéu kién nha luéi dé thu sb luong hat 16n nham phuc vu céc thi nghi¢ém phan tich

danh gid tinh khang bac 14.

3.4 Danh gia dac diém nong sinh hgc va tinh khang bac 14 ctia lua BT 7
chinh stxa SW14-BT
3.4.1 Ddnh gid dic diém néong sinh hoc ciia dong liva BT7 chinh siva SW14-BT

Dé xac dinh dot bién trén SW14 c6 giy anh hudng t6i dic diém noéng hoc
cua cay lua BT7 hay khong, hat cua 08 dong lta BT7 chinh stra gen thu duoc &
trén da duoc gieo trong trong nha ludi va phan tich, ddnh gia mot s6 chi tiéu nong
sinh hoc chinh, bao gém thoi gian sinh trudng, chiéu cao cay, s6 nhanh, sb hat chic

trén bong va ning suat ca thé (Bang 3.19).
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Bang 3.19 Mot s6 dic diém nong hoc chinh ciia cic dong laa BT7 chinh sira

SW14-BT

Tén T hoi gifl " Chidu cao S6 hat Trong Ham luwgng

dong sinh tr‘u’o’ng (cm) chic/bong lugng 1000 amylose (%)
(ngay) hat (gr)

WT 105,2 (4,5) 104,1 (4,6) 82,4 (1,0) 18,0 (0,5) 14,2 (1,0)
1.0128  1024(3,0)  107,4(60) 81,3 (1,4) 18,2 (0,3) 143 (1,4)
1.10.15  1045(63)  1069(2,9) 81,3 (1,4) 18,4 (0,2) 142 (1,4)
1.12.07 105,4 (3,2) 103,6 (6,6) 89,2 (1,1) 19,3 (0,4) 14,9 (1,1)
1.15.21 103,8 (4,3) 101,7 (4,1) 82,3 (1,0) 18,8 (1,5) 15,2 (1,1)
1.23.04 104,2 (2,6) 100,8 (2,9) 83,2 (1,2) 18,1 (1,2) 15,2 (1,0)
2.02.01 105,4 (2,8) 103,1 (3,7) 82,2 (0,8) 18,3 (1,1) 14,2 (0,9)
3.14.13 104,2 (4,9) 103,2 (3,9) 81,9 (0,9) 18,9 (0,5) 14,9 (0,9)
3.14.21 105,5(4,3)  102,5(1,9)  82,1(0,7) 18,0 (0,9) 14,8 (0,7)

Ghi chii: S6 liéu trinh bay trong bang la gid tri trung binh ciia 3-5 cdy ciia méi dong; gid tri
trong ngodc theé hién do léch chuan; P > 0,05.

Hinh 3.29 Hinh thai cay Iia BT7 chinh siva SW14-BT
Ghi chii: Cay hia BT7 chinh sita SWI14-BT T, (dong 1.12.07) (4) va cdy liia BT7 doi
chitng (khéng chuyén gen) (B) ¢ giai doan dé nhanh.
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Két qua phan tich sd liéu danh gia cac chi sd nong sinh hoc bang kiém dinh
ANOVA va Duncan’s test cho thiy khong c6 su khéc biét c6 ¥ nghia thong ké giita
cac dong laa dot bién va dong lua dbi chimg khong dot bién gen vé tat ca cac tinh
trang dugc quan sat (Bang 3.19). Cu thé, thoi gian sinh truong ciia 8 dong lua chinh
sira gen dat trung binh 104 ngdy va chiéu cao cdy trung binh dat 103,7 cm; so v6i
cay lua d6i ching c6 thoi gian sinh trudng 105 ngdy va chiéu cao cay 104,1 cm
(Hinh 3.29, Bang 3.19). Cac dong lta chinh stra gen ciing khong cho thiy su khac
biét dang ké so voi ddi chig vé cac chi tiéu lién quan téi ning sudt ca thé va chat
lugng gao, bao gdm sé hat chic/bong (82,9 so voi 82,4), trong lwong 1000 hat
(18,5 grso voi 18,0 gr) va ham luong amylose ndi nhii (14,7% so voi 14,2%) (Bang
3.19). Cac phan tich thu dugc ¢ trén da ching té cac dot bién trén promoter
OsSWEETI4 tao ra boi hé thong CRISPR/Cas9 khong giy ra nhitng anh hudng
tiéu cuc dén cac dic diém nong hoc chinh cua cay lua.

Nhiéu nghién ctru trudc ddy da chimg minh viée giy dot bién cac gen khong
lién quan t6i nang suat cay lta bang hé thing CRISPR/Cas9 khong giy ra cac tac
dong tiéu cuc tdi cac dac tinh nong sinh hoc cua cay. Vi du, Tang el al. (2017) da
tao ra dong lua dot bién bat hoat gen OsNRAMPS c¢6 ham luong Cd thap bang hé
théng CRISPR/Cas9 ma khéng bi anh huong dén ning suét [134]. Tuy nhién, ho
gen SWEET khong chi lién quan téi con dudng cung cdp chét dinh dudng cua cac
vi sinh vét gay bénh ma c6 vai trd quan trong dbi véi qua trinh phat trién phan hoa
va tao hat cua thuc vat ma con [48, 147]. Cac dot bién don 1é trén OsSWEETI ]
hay dot bién dong thoi trén OsSWEETI1 va OsSWEETIS5 (tao ra bang hé thong
chinh stra gen TALEN) déu cho thdy c6 thé gay anh hudng t6i qué trinh phat trién
nodi nhii va lam day hat ¢ giéng lua Kitaake [147]. Bén canh d6, dong lua Kitaake
khang bac 14 tao ra thong qua bat hoat OslIN3/OsSWEETI4 hay
OsN83/OsSWEETI 1 bang cong nghé iRNA ciing gdy giam ning suat hat [31].
Tuong tu, viéc chén T-DNA vio ving promoter OsSWEETI4 d4 khién cho cy laa
chuyén gen c6 hat giam kich thudc hon so véi cdy khong chuyén gen [31]. Dong
loa Basmati dot bién mat 24 Nu trén EBE AvrXa7 tao ra bang cong nghé
CRISPR/Cas9 tham chi khong tao duogc hat chac [151].
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Nguoc lai, trong nghién ctru nay, tat ca cac tinh trang nong hoc (dugc danh
gi4) cua cac dong lta BT7 mang dot bién dong hop trén EBE AvrXa7 ctia SW14-
BT khong c6 sy khac biét dang ké so v6i dong lta ddi chiing trong diéu kién nha
lu6i. Biéu nay c6 thé giai thich do nhitng dot bién nho trén ving promoter da khong
1am anh hudng t6i hoat dong cuia OsSWEETI4 trong diéu kién binh thuong. Gia
thiét nay ciing duoc cing cb bai mot vai nghién ciru gan day, trong d6 da ching
minh cac d6t bién nho trén ving promoter cia cac gen OsSWEET khong 1am anh
hudng tdi sinh trudng, phat trién va nang suét ciia cay laa. Vi du, trong nghién ciru
ctia Zafar et al. (2020), cac dong lua chinh stra gen mang cic dot bién nho trén
promoter OsSWEETI4 (mét 4 Nu trén AvrXa7, mat 4 Nu hay 18 Nu trén Tal5) c6
hinh dang va chiéu dai ré, kha nang thu phén, ti 1& néy mam cia hat va ti 1€ hat
chic tuong twong ty nhu cdy ddi ching; trong d6 ti 18 hat chic cua cac dong nay
cao hon rd rét so v6i dong lia mang dot bién 16n (mét 24 Nu trén AvrXa7) [151].
Tuong tu, két qua gay dot bién trén EBE cua OsSWEETI4 gidng 1ua Kitaake ciing
d3 thu duoc nhitng dong laa chinh sira gen sinh truéng phat trién binh thudng nhu
cay ddi chung [88]; hay cac td hop dot bién nho khéac nhau tai vi tri EBE trén
promoter OsSWEETI1, OsSWEETI3 va OsSWEETI4 ciing khong gay ra anh
huéng tiéu cuc d6i v6i kha nang sinh truong, phat trién va sinh san cia cay laa
Kitaake [107]. Mic du vAn c¢6 mdt sd gia thuyét khac c6 thé giai thich cho hién
tuong nay, vi du do su biéu hién du thira hay hi¢n tuong bu dép di truyén (genetic
compensation) cuia cac gen trong ho OsSWEET trong hé gen lua; két qua thu duoc
& ddy da chung to riang viéc tao ra cac dot bién nho trén vung promoter cia
OsSWEETI4 bang cong cu CRISPR/Cas9 khong tao ra bat ki bt thudng nao vé
sinh truong, phét trién va nang suat ciia cay laa BT7.

3.4.2 Nghién civu biéu hién ciia OsSSWEETI14 trong cdc dong lita BT7 chinh
swwa SWI14-BT

Pé xac dinh chinh xac hiéu qua cua cac dot bién tao ra béng hé théng
CRISPR/Cas9 trén SW14-BT d6i vé6i su hoat dong cua gen dich, tdam dong lua
chinh sira SW14-BT duoc lay nhiém nhan tao v6i vi khuan VXO va phan tich mtrc
do6 biéu hién ciia OsSWEETI4 bang RT-PCR. O thi nghiém nay, 3 ching VXO dai
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dién cho 3 khu vuc dia ly (Ha Noi, Nghé An va Hai Phong), c6 doc tinh manh véi
BT7 (muc 3.2.1.1) va hoat biéu hién cta OsSWEETI4 (muc 3.2.1.2), bao gdm
VXO 11, VX0 60, VXO 96, da dugc lya chon dé lay nhiém nhan tao trén 8 dong
lta BT7 chinh stra gen.

Két qua phan tich anh dién di san pham RT-PCR tir cdc mau laa 1y nhiém
Xoo nhan tao bang phan mém ImageJ (Hinh 3.30) cho thidy mirc d6 biéu hién
OsSWEET]4 khac nhau & cac thi nghiém 14y nhidm khac nhau. Dbi voi thi nghiém
d6i chimg (tiém nude vao 14) cac cdy laa déu khong co su thay doi biéu hién cua
gen dich. Dbi vé6i thi nghiém tiém dung dich vi khuin, sy biéu hién cua
OsSWEETI4 trong cac dong lta chinh stra SW14-BT dugc chia thanh 2 nhém 1o
rét. Nhom thr nhat bao gdm 6 dong lta 1.01.28, 1.10.15, 1.23.4, 2.02.01, 3.14.13,
3.14.21, voi mutc d6 biéu hién OsSWEETI4 tang dang ké khi duoc 14y nhiém voi
ca 3 chung VXO dai dién, twong ty nhu dong lua BT7 ddi chimg khéng chinh sira
gen (WT). Nhom thir hai bao gdm 2 dong laa 1.12.07 va 1.15.21, hdu nhu khong
c6 su thay doi dang ké nao vé mirc do biéu hién cua gen dich khi dugc 1ay nhiém

v6i vi khuan Xoo, twong ty nhu miu ddi ching 1ay duoc 1ay nhiém bang H,O.
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Hinh 3.30 Biéu hién ciia OsSWEETI4 & dong laa BT7 chinh sira SW14-BT

Ghi chii: Biéu hién ciia OsSSWEETI14 trén cdy liia BT7 chinh sita SW14-BT sau khi ldy
nhiém véi Xoo dwoc phan tich bdng RT-PCR. Do thi thé hién mirc do biéu hién gen tuong
quan gitka cdc mau lia dwoe ldy nhiém VXO (VXO 11, 60 va 96) so véi mau doi chiing
khéng ldy nhiém vi khudn (H20); mikc @ biéu hién OsSWEETI4 ciia mau liia khong lay
nhiém Xoo (H20) cé gid tri bang 1; OsEF Lo dwoc sir dung lam gen néi chudn. Truc hodnh
thé hién tén cdc dong lia; (WT) cdy lia BT7 khong chinh sira SW14-BT. Gid tri thé hién
trén do thi la két qud trung binh cua 3 lan thi nghiém va do léch chudn.
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Trong nghién ctru ctia Blanvillain-Baufumé ef al. (2017), phén tich biéu
hién gen trén 2 dong lta Kitaake chinh stra vi tri EBE 4vr-Xa7 di cho thiy su biéu
hién cia OsSWEETI4 hau nhu khong thay ddi ¢ 2 thoi diém trudc va sau khi lay
nhiém céac chung vi khuan PXO86 mang gen fal ma hoa AvrXa7. Tuy nhién, su
biéu hién ctia OsSWEETI4 ¢ 2 dong lua chinh stra gen nay khi 1y nhidm véi ching
BAI3 mang gen ma hoa TalC ting rat manh gidng nhu & cdy ltia khong chinh sira
gen [34]. Tuong tu, & gidng lta Basmati, su biéu hién ctia OsSWEETI4 & dong lta
chinh sira EBE AvrXa7 khi 1y nhiém véi chung Xoo mang gen ma hoa AvrXa7
khong khac biét so v6i thi nghiém ddi ching (khong lay nhidm Xoo); trong khi su
biéu hién cua OsSWEETI4 & cay laa khong chinh stra gen va & cdy lta chinh sira
EBE Tal5 cao hon gip nhiéu l4n so v6i & cdy lua chinh stra EBE AvrXa7 [151]. O
nghién ciru nay, 6/8 dong lua dot bién EBE AvrXa7 ting cuong biéu hién
OsSWEETI14 va 2/8 dong lua khong ting cudng biéu hién gen dich khi cung duoc
lay nhiém véi 3 ching VXO (Hinh 3.30). Piéu nay chimg t6 su biéu hién cua
OsSWEETI4 phuy thudc vao kha ning tuong tac cua protein TAL do Xoo tiét ra voi
EBE tuong tng trén vung promoter; dot bién tai vi tri EBE dich chi c¢6 hiéu qua
ngin can hoat hoa gen cdy cha cia Xoo néu pha v& duoc twong tac giita protein
TAL va EBE. Vi vay, két qué thu dugc cho phép budc dau nhan dinh dot bién trén
vung EBE AvrXa7 cia OsSWEETI14 ¢ 2 dong lua 1.12.07 va 1.15.21 da pha vo su
lién két giita protein TAL cua cac chung VXO 11, VXO 60 va VXO 96 véi
OsSWEETI4, tt d6 ngan can cac chung vi khuén nay hoat hoa su biéu hién
OsSWEETI4.

Phén tich sau hon vé loai dot bién SW14-BT trong mdi dong laa chinh stra
gen cho thay khong c6 diém chung giita cic dong laa trong mdi nhom & trén; ca
hai nhom déu bao gdm céc dong lta mang dot bién thém va mat Nu trén ving EBE
AvrXa?7. Tuy nhién, vi tri cua cac dot bién trong cac dong lua thudc hai nhém co
su khac biét nhau ro rét. Trong khi tat ca cac dong lua thudc nhom thi nhét déu
mang dot bién nam phia sau vi tri Nu thir 17 (tinh tir ¢au 5°) cuia EBE AvrXa7; 3
dong lta thuoc nhom thir hai mang d6t bién phia trude vi tri nay (1an luot 1a 14 va

15). Két qua nay chimg to vi tri dot bién khac nhau trén EBE c6 thé anh hudng
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khac nhau t6i kha nang lién két véi trinh tu EBE ctia protein TAL do Xoo tiét ra.
Gia thiét nay ciing di dugc Blanvillain-Baufumé et al. (2017) dé cap dén trong
cong bd trudc ddy, khi nghién ctu dot bién EBE Tal5/TalF trén promoter
OsSWEETI4 cua lua Kitaake [34]. Nghién ctru cta Zaka et al. (2018) ciing két
lun vi tri dot bién trén EBE AviXa7 cling tac dong dén kha nang khang bac 14 ¢
cac gidng lua IR24, Ejali, Khamal183 va SB [152].

Nhu vy, & thi nghiém nay, hai dong ltia BT7 mang d6t bién SW14-BT dugc
taora bﬁng cong cu CRISPR/Cas9, bao gém 1.12.07,1.15.21, da duoc xac dinh co
muirc do biéu hién gen dich khong thay ddi khi duogc 1ay nhiém véi ching Xoo dai
dién cua Viét Nam so v6i cay d6i chimg.

3.4.3 Danh gia kha nang khang bénh bac la cua lua BT7 chinh swa SW14-BT

Dé xac dinh vai trd cla viéce chinh stra SWI14-BT dbi véi tinh khang bénh
bac 14 cta gidng lua BT7, hai dong lua dot bién 1.12.07 va 1.15.21 (c6 mirc 46
biéu hién OsSWEETI4 khong thay d6i khi lay nhiém véi VXO) duge 1y nhidém
v6i 3 ching VXO dai dién (VXO 11, VXO 60 va VXO 96) bang phuong phap
cit 14 va so sanh mirc d6 biéu hién bénh véi cdy BT7 dbi chimg khong chinh sta
gen (WT) trong diéu kién nha ludi.

Sau 2 tuan 1ay nhiém Xoo nhan tao, cac dong lua duoc kiém tra di thé hién
triéu ching bénh ¢ cac mirc d6 khac nhau voi cac ching vi khuan khac nhau (Hinh
3.31 va Hinh 3.32). Dbi voi thi nghiém lay nhidm bang chung VXO 60, triéu
chtng bénh thé hién 13 rét (muc S) trén ca 2 dong lia BT7 chinh stra gen twong tu
nhu dong lua d6i chimg khong chinh stra gen; chiéu dai vét bénh trung binh tir 19
— 23 cm). Nguogc lai, cac dong lua biéu hién mutrc do bénh khac nhau khi duge lay
nhiém véi ching VXO 96. Chiéu dai vét bénh bac 14 trung binh quan sat dugc ¢
dong lua 1.15.21 va dong ddi chimg déu trén 17 cm (muc S); trong khi dong
1.12.07 chi ¢ vét bénh khoang 10 cm, cho thdy tinh khang nhe (mtc MR) véi
chung vi khuén nay. Pac biét, sy khac biét vé triéu ching bénh gitra 2 dong lia
chinh stra gen so v6i cay dbi ching thé hién rat 1 trong thi nghiém lay nhiém véi
chung vi khuan VXO_11 (Hinh 3.31 va Hinh 3.32A); chiéu dai vét bénh trung binh

0,5 — 2,9 cm (dong lua chinh sira gen - mirc R) so véi 19,2 cm (cay ddi ching -
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muc S), ching té ¢4 2 dong lua chinh stra gen c6 kha nang khang hoan toan voi

chung VXO 11.
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Hinh 3.31 Panh gia tinh khang Xoo ciia dong laa BT7 dt bién SW14-BT
Ghi chui: Dong lua chinh sita SWI14-BT (1.12.07 va 1.15.21) va khong chinh sia SW14-
BT (WT) dwoc ldy nhiém nhdn tao cdc ching VXO dai dién (VXO 11, VXO 60 va
VXO 96). (H:0) Thi nghiém doi chirng dm khong lay nhiém vi khudn Xoo. (R) Khdng
hoan toan Xoo,; (MR) khéng nhe Xoo; (S) khéng khang Xoo. D6 thi thé hién chiéu dai vét
bénh trén ld liia sau 14 ngay ldy nhiém Xoo. So liéu trén do thi la két qud trung binh cia

3 lan thi nghiém va do léch chudn.

Céc két qua thu duoc ¢ trén goi y rang OsSWEETI14 1a gen “nhiém” ciia cay
laa BT7 d6i v6i chung VXO 11; trong khi hai chung VXO 60 va VXO 96 c6 thé
c6 cac dich tan cong khéac trong hé gen ctia BT7. Bén canh d6, tinh khang nhe ciia
dong laa dot bién SW14 1.12.07 d6i véi ching VXO 96 ciing chi ra so voi ching
VXO 60, doc tinh cia VXO 96 ddi v6i cay lta BT7 phu thudc nhiéu vao protein
TAL hoat héa OsSWEETI4 hon la protein TAL hoat hoa gen dich khéc.

Mot s6 thanh vién thudc ho OsSWEET 1a dich tan cong cua protein TAL do
Xoo tiét ra khi xAm nhiém vao cay lua va hoat dong nhu nhiing gen “nhiém” d6i
v6i bénh bac 14 [97]. Cac dong lua Kitaake mang dot bién promoter OsSWEET14
tao ra bai cong nghé TALEN [34] hay d6t bién promoter OsSWEET! I tao boi cong
nghé CRISPR/Cas9 [97] thé hién tinh khang véi cac chung Xoo biéu hién protein
TAL AvrXa7/PthXo3 hay PthXol. Tuy nhién, tinh khang bac 14 cua cay lua
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Kitaake mang dong thoi hai dot bién trén EBE AvrXa7/PthXo3 (OsSWEETI4) and
PthXol (OsSWEETI1) lai khong duoc thé hién khi tiép xuc véi chiung Xoo biéu
hién dong thoi AvrXa7/PthXo3 va PthXo2 [97]. Diéu nay chiing t6 tinh khang bénh
bac 14 phu thudc vao su c¢6 mit cua cac EBE lién quan téi gen “nhiém” duoc nhan

biét boi protein TAL twong tng ctia quin thé Xoo.
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Hinh 3.32 Liy nhiém Xoo nhan tao trén dong lia BT7 dt bién SW14-BT

Ghi chii: Dong lua BT7 chinh swta SWI14-BT7 (1.12.07 va 1.15.21) va khong chinh stra
SW14-BT (WT) dwoc ldy nhiém véi ching vi khuan VXO 11, VXO 60 va VXO 96. Hinh
anh dwoc ghi lai sau 14 ngay lay nhiém. Miii tén thé hién vi tri két thiic vét bénh trén la.

Trong nghién ciru nay, hai dong laa 1.12.07, 1.15.21 mang dot bién dong
hop trén EBE AvrXa7 biéu hién tinh khang dugc ting cuong rd rét véi ching
VXO 11 so véi dong laa BT7 d6i chung. Tinh khang khong hoan toan/khong
khang véi hai chung VXO 60 va VXO 96 c6 thé giai thich do su c6 mit cua
mot/mot vai EBE khac ciing dugc nhan biét bai protein TAL cua hai ching nay.
Diéu nay ciing cho thiy quan thé Xoo & Viét Nam c6 thé chia thanh it nhat 2 nhém

dua trén tinh da dang cia protein TAL. Nhom thtr nhat (dai dién boi ching
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VXO 60va VX0 96)biéuhién ddng thoi nhidu gen TAL doc, trong d6 cb AvrXa7,
gidng nhu da s cac ching Xoo chau A di dugc nghién ctru trude day [97]. Nhoém
thtr hai (dai dién bdi chung VXO 11) chi biéu hién mét loai protein doc AvrXa7.

Nhu vay, cac két qua nghién ctru thu dugc ¢ trén khong chi cho théy trién
vong cai tién tinh khang bac 1a cho cac gidng lta vu ta nhu BT7 théng qua dot
bién gen dich bang cong nghé CRISPR/Cas9, ma con chimg minh sy da dang vé
protein TAL cta quén thé Xoo Viét Nam. Do d0, dé tao ra tinh khang bac la phé
rong cho cac gidng laa chu lyc trong san xuat, can phai ¢ cac nghién ciru day du

va sau hon vé TALome cuia cac chung VXO.
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KET LUAN VA DE NGHI

Két luin

1. Pi tbi vu dugc quy trinh nudi cdy in vitro va chuyén gen vao IE lta BT7
thong qua A. tumafaciens. Quy trinh st dung dung dich A. tumefaciens c6
ODeoo dat 0,3 dé lay nhidém vao IE 11-13 DAP, AS 150 uM cho budc dong
nudi cdy trong 5 ngay, khang sinh cefotaxime 200 mg/L, vancomycin 100
mg/L va hygromycin 50 mg/L cho budc chon loc mo s¢o; hooc mén BAP
2 mg/L, NAA 0,2 mg/L va nude dira 20% cho budc tai sinh choi; hiéu suét
chuyén gen dat 20,67%.

2. Gidng lta BT7 man cam vé&i 19/20 ching VXO nghién ctru, biéu hién
OsSWEETI4 bi xam nhiém bdi 6 ching VXO va chia 4 EBE 4vrXa7,
PthXo3, Tal5 va TalC trén promoter OsSWEETI4 trong h¢ gen. Trinh tu
crRNA tac dong vao 3 EBE AvrXa7, PthXo3 va Tal5 da duoc ghép ndi vao
vector chuyén gen thyc vat biéu hién phtrc hé CRISPR/Cas9. Vector tai to
hop da duoc kiém tra béng PCR, cit gidi han va giai trinh tu Nu.

3. Pi tao dugc 8 dong laa BT7 chinh sira gen mang dot bién dong hop SW14-
BT tai vi tri EBE AvrXa7, khong chira cAu tric T-DNA trong h¢ gen. Kiéu
gen cua cac dong laa chinh stra gen da duoc khang dinh bang PCR va giai
trinh tu SW14-BT.

4. Dot bién SWI14-BT trong cac dong laa BT7 chinh sira gen khong giy anh
huong td1 mot sb dic diém ndng sinh hoc chinh cua cay laa, bao gém thoi
gian sinh truéng, chiéu cao cay, s6 nhanh, s hat chéc trén bong, ham lugng
amylose. Hai dong laa BT7 mang dot bién thém 3 Nu va mat 6 Nu tai vi tri
15 va 16 trén EBE AvrXa7 khong ting cudng biéu hién OsSWEETI4 khi
lay nhidm véi 3 ching VXO_11, 60 va 96, thé hién tinh khang hoan toan
voil chung VXO 11, khang nhe véi chung VXO 96 va khong khang
VXO 60.
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Pé nghi

Trén co s& cac két ludn rat ra tir két qua nghién ctru, ching t6i dua ra mot
s6 hudng nghién ctru tiép theo nhu sau:

- Tiép tuc phan tich tinh 6n dinh di truyén va kha nang khang bénh bac 14 ctia
cac dong lua BT7 chinh sua SW14-BT.

- Tiép tuc nghién ciru co ché gy bénh ctia quan thé VXO dé xac dinh thém
céc gen S/trinh ty EBE muc tiéu phuc vu cho nghién ctru tao giéng laa BT7
chinh stra gen khang bénh bac 14 pho rong.
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PHU LUC

Phu luc 1. Téng hop mét sé nghién ciru chinh sira gen & lia.

Tinh Gen dich Cong nghé sir | Chirc ndng phan ti Tai liéu
trang dung tham
cia cay khio
Iia
Cai thién | LOX3 TALENSs Tang cuong kha nang [98]
chét du trir
lugng GW?2, GWS5, | CRISPR/Cas9 | Cai thién trong luong [143]
va nang | TGW6 hat
suat Hd2, Hd4, Hd5, | CRISPR/Cas9 | Kha nang sinh trudng [85]
nhanh, cdy ra hoa s6m
CSA CRISPR/Cas9 | Tao dong bat duc duc [87]
dua vao quang ky
Gnla, DEPI, | CRISPR/Cas9 | Cai thién sd luong hat, [86]
GS3, IPAI cdu trac bong, kich
thuéc hat va céu trac
cay
SPLI4, SPLI7, | Base editing | Cai thién cau trac cdy | [59]
SPLI6, SPL1S va nang suét hat
CCD7 CRISPR/Cas9 | Gia ting s6 nhanh| [40]
(Nipponbare)
PYLs CRISPR/Cas9 | Tang cuong kha nang | [101]
sinh trudng va sinh san
OsBADH? TALENSs Tang cuong huong | [120]
thom
BADH? CRISPR/Cas9 | Tang cuong huong | [121]
thom
SSIVa ZFN Chiéu cao ciy, d6 map [74]
va luong tinh bot cia
hat
Chéng OsSWEET14 TALENSs Tang cuong tinh khang [88]
chiu bac l4
stress OsSWEETI3 TALENSs Téng cuong tinh khang | [159]
sinh hoc bac l4
OsSWEETI4 TALENSs Tang cuong tinh khang [34]
bac la
0509229100 TALENSs Tang cuong tinh khang [42]
dbém soc 14
OsERF CRISPR/Cas9 | Tang cuong tinh khang | [137]
bénh dao 6n
BEL CRISPR/Cas9 | Khang thudc diét co [142]
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Chéng OsEPSPS CRISPR/Cas9 | Khang gluphosat [84]
Cthlu ALS CRISPR/Cas9 | Khang thudc diét co [130]
;gfsssmh Os SAPK?2 CRISPR/Cas9 | Chiu han [95]
hoc SF3B1 Chinh  stra | Thich Gmg bién d6i khi |  [39]
nuclease hau

OsPIN5b, GS3, | CRISPR/Cas9 | Chiu lanh [153]

MYB30

OsRP22 CRISPR/Cas9 | Chiu man [156]
Cai thién | OsNRAMPS CRISPR/Cas9 | Ham lugng cadmium | [133]
chat (Cd) thap
lugng SBEIb va SBEI | CRISPR/Cas9 | Him lugng amylose | [129]
Dinh cao
dudng OsPDS, Chinh  stra | Cai thién chat luong | [85]

OsSBEIIb nuclease dinh dudng

Osor CRISPR/Cas9 | Tang cuong tich luy - [52]

caroten

Rcva Rd CRISPR/Cas9 | Gao do [161]
Mat 46 | OsEPFLY CRISPR/Cas9 | Mat d6 khi khong phan | [149]
khi b6 déu trén 14
khong
Stc séng | OsCDC28 Chinh  stra | Tang cuong stc song, | [25]
cua cay nuclease dd cung cua cay
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Phu luc 2. Cac chiing Xoo sir dung trong nghién ciru.

STT | Tén chiing Pia diém Giong laa Nim
1 VX0 11 Gia Lam, Ha Noi Béc Thom 7 2013
2 VXO_15 Gia Lam, Ha Noi T10 2013
3 VX0 71 Gia Lam, Ha Noi Béc Thom 7 2016
4 VXO 73 Gia Lam, Ha Noi Bic Thom 7 2016
5 VX0 52 Thanh Oai, Ha Noi Béc Thom 7 2017
6 VX0 66 Thanh Oai, Ha Noi T10 2017
7 VX0 70 Thudng Tin, Ha Noi Béc Thom 7 2016
8 VX0 96 An Lo, Hai Phong Béc Thom 7 2016
9 VXO 59 Hiép Hoa, Bic Giang Béic Thom 7 2016
10 VXO 98 Nho Quan, Ninh Binh Béc Thom 7 2016
11 VXO 64 boéng Hung, Thai Binh TBR225 2017
12 VX0 62 boéng Hung, Thai Binh TBR225 2016
13 VXO 65 Poéng Hung, Théi Binh Bic Thom 7 2017
14 VX0 54 TP. Nam Dinh, Nam Pinh Bic Thom 7 2017
15 VXO 51 TP. Nam Dinh, Nam Dinh Thién Uu 2015
16 VXO 68 TP. Nam DPinh, Nam Pinh Bic Thom 7 2017
17 VX0 69 TP. Nam Dinh, Nam Dinh Béc Thom 7 2017
18 VX0 53 Thanh Liém, Ha Nam Béc Thom 7 2017
19 VX0 50 Quang Xuong, Thanh Hoa TBR225 2015
20 VX0 60 Dién Chéu, Nghé An Béc Thom 7 2017
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Phu luc 3. Thanh phan méi trudong chuyén gen.

Ky hi¢u Thanh phin maéi trwong chuyén gen
1 Gidng lia Bic thom 7, sir dung vit li¢u IE
Trai khuan: AB + 50 mg/L kanamycin + 15 mg/L rifamycin
Hoa loang khuan: AA + 100 pM acetosyringone, pH 5,2
MD1 N6 + 2,0 mg/L 2,4-D + 1,0 mg/L NAA + 1,0 mg/L BAP + 8 g/L agar, pH 5,2
MD2 N6 + 1,0 mg/L 2,4-D + 1,0 mg/L NAA + 0,2 mg/L BAP + 8 g/L agar, pH 5,8
MD3 N6 + 1,0 mg/L 2,4-D + 1,0 mg/L NAA + 0,2 mg/L BAP + 6,5 g/L phytagel + 200
mg/L cefotaxime + 100 mg/L vancomycine + 50 mg/L Hygromycine, pH 5,8
MD4 MS + 2 mg/L BAP + 0,2 mg/L NAA + 200 ml/L nuéc dira 6,5 g/L phytagel + 100
mg/L cefotaxim + 50 mg/L Hygromycin, pH 5,8
MDS5 MS + 2 mg/L Kin + 0,2 mg/L NAA + 200 ml/L nuéc dua + 6,5 g/L phytagel, pH
5,8
2 Thanh phin méi truong chuyén gen theo quy trinh Hiei et al. (2008)
AA-Inf Hoa loang khuan: Pa lugng va amino acid AA, vi lugng va vitamin BS, 100 uM
acetosyringone, 20 g sucrose, 10 g glucose
NB-As N6 + 2,0 mg/L 2,4-D + 1,0 mg/L NAA + 1,0 mg/L BA, 100 uM acetosyringone, 8
g agarose Type I, pH 5,2
CCMC CC +2,0mg/L 2,4-D + 1,0 mg/L NAA + 0,2 mg/L BA +250 mg/L cefotaxime +
100 mg/L carbenicillin, 5 g/L gelrite, pH 5,8
CCMCH75 | CC+2,0mg/L 2,4-D + 1,0 mg/L NAA + 0,2 mg/L BA + 250 mg/L cefotaxime +
100 mg/L carbenicillin + 75 mg/L Hygromycin + 8 g/L gelrite, pH 5,8
NBPRCH40 | N6 + 2,0 mg/L 2,4-D + 1,0 mg/L NAA + 1,0 mg/L BA + 300 mg/L Gin + 250
mg/L cefotaxime + 40 mg/L Hygromycin + 5 g/L gelrite, pH 5,8
RNMH30 | N6+ 2,0 mg/L 2,4-D + 1,0 mg/L NAA + 1,0 mg/L. BA + 300 mg/L Gin + 30 mg/L
Hygromycin + 4 g/L agar, pH 5,8
MSIH30 | MS+0,2 mg/L. IBA + 15 g/L sucrose + 30 mg/L Hygromycin + 3 g/L gelrite, pH
5,8
3 M&éi trudng Quy trinh chuyén gen IE ciia Slamet (2014)
A200 Hoa khudn: AA + 100 uM acetosyringone, pH 5,2
A201 N6 + 2,0 mg/L 2,4-D + 1,0 mg/L NAA + 1,0 mg/L BAP + 100 uM acetosyringone

+ 5,5 g/L agar, pH 5,2
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A202 N6 + 1,0 mg/L 2,4-D + 1,0 mg/L NAA + 0,2 mg/L BAP + 100 mg/L cefotaxime +

100 mg/L carbenicillin + 5,0 g/L gelrit, pH 5,8

A203 N6 + 1,0 mg/L 2,4-D + 1,0 mg/L NAA + 0,2 mg/L BAP + 100 mg/L cefotaxime +

100 mg/L carbenicillin + 60 mg/L Hygromycin + 5,0 g/L gelrit, pH 5,8

A204 MS + 5,0 mg/L NAA + 2,0 mg/L Kinetin + 100 mg/L cefotaxime + 50 mg/L

Hygromycin + 10,0 g/L agar, pH 5,8

A205 MS + 1,0 mg/L NAA + 2,0 mg/L Kinetin + 100 mg/L cefotaxime + 50 mg/L

Hygromycin + 3,0 g/L gelrit, pH 5,8

MSO MS + 30 g/L sucrose + 2 g/l Gelrit, pH 5,8

Ky thudt chuyén gen IE theo quy trinh ciia Hiei (2008)

Quy trinh chuyén gen IE & giéng lta IR64 cua Hiei (2008) dat hiéu suit trén
90% khi sir dung chung vi khuan LBA4440 dé bién nap ciu tric chuyén gen. Tuodi
phoi tir 8-12 DAP da dugc su dung 1am vat lidu chuyén gen. Hat ltia non sau khi bo
v6 dugc khir tring bang con 70% trong 10 gidy, sau d6 duoc khtr tring bang dung
dich NaOCl 1,5% trong 5 phut va trang lai 5 1an bang nudc cét vo trung. IE ciia IR64
sau khi tach duoc 0 v6i nude Am & 43°C trong 30 gidy, va dugc lam lanh trén d4d mot
phut va duogc ly tdm ¢ 83000 vong trong 10 phut & 25°C, sau do, IE dugc dat trén dia
moi truong lay nhidm NB-As. Vi khudn A. tumefaciens sau 3 ngay nudi cdy khoi
dong, duoc nudi huyén phi trong moi truong AA-inf mot gio trude khi tién hanh lay
nhiém. Nho 5 pL dich khuan 1én mdi phéi, t 15 phut ¢ nhiét d6 25°C, sau d6 gap phoi
vao dia moi trudng NB-As khac dé dong nudi cdy 7 ngay trong t6i & 25°C. Sau dong
nudi cdy, cat bo phan chdi mai, cdy chuyén mau 1én méi truong CCMC dé phéi phuc
hdi 1an 1 trong 5 ngay, 1an 2 (chia mdi callus thanh 6 phan) trong 10 ngay trén cing
moi truong & diéu kién 30°C ngoai sang. Nudi cdy chon loc 2 1an trén ciing méi trudng
CCMCH75 ¢ diéu kién nhiét d6 32°C, anh sang 5000 lux, thoi gian nuoi céy lan 1 1a
10 ngay, 1an 2 1a 7 ngay. Sau d6 céc callus khang hygromycin sinh truéng tt c6 mau
trang vang dugc nhit cdy vao moi truong tién tai sinh NBPRCH40 nudi ciy trong 7
ngay o diéu kién nhiét d6 32°C, anh sang 5000 lux; tai sinh trén moi trudéng RNMH30

trong 14 ngay & diéu kién nhiét d6 32°C, anh sang 5000 lux; chdi tai sinh dugc nudi
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ciy tao r& trén méi truong MSIH30 trong 14 ngay diéu kién nhiét d6 32°C, anh sang
5000 lux. Tong thoi gian nudi cy tir khi dong nudi cay dén khi dua cdy ra vuon wom
1a 74 ngay [57].
Ky thudt chuyén gen IE theo quy trinh ciia Slamet (2014)

Niam 2014, quy trinh chuyén gen IE cai tién cta Slamet vao gidng laa IR64 ciing da
dugc cong bd. Ciing vai tudi phoi 8 -12 DAP, sau khi khir tring bang con 70%, hat
non duoc khir tring trong 5 phut bang NaOCI chi 1%. IE dugc tach khoi hat non va
khong qua bude tién xir Iy nhiét nhu quy trinh ciia Hiei (2008), duoc ddng nudi cay
v6i dung dich khuan (moéi trudng A200) trén moi truong A201 trong tdi 7 ngay &
25°C. Sau d6, IE duoc phyc hi (resting) trén méi truong A202 & nhiét 6 30°C trong
5 ngay ngoai sang. Chon loc 3 1an trén cing méi truong A203, mdi lan 10 ngay &
diéu kién sang 30°C, chia callus thanh 4 phan sau chon loc 1. Mi truong tién tai sinh
va moi trudng tai sinh lan luot 1a A204 (10 ngay) va A205 (14 ngay), v6i cung diéu
kién nudi cdy 1a 25°C ngoai sang. Cubi cing, chdi tai sinh dugc tao ré trén moi trudng
MSO0 trong 1- 2 tuan trude khi chuyén ra nha kinh. Tong thoi gian thyc hién quy trinh
khoang 76-80 ngay, tuy nhién, hiéu suit chuyén gen chi dat 25-40% [124]
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Phu luc 4. Trinh tu cac oliginucleotide sir dung trong nghién ciru

. . Kich
Muc dich th
Tén Trinh tw Gen/Vector He lf ! thwéc
nghiém (bp)
SW14-F | CATGCATATGCGTTGGGTTC SI4BT Phan lap SWI4-| .o
SWI14-R | CTAGGAGACCAAAGGCGAA BT
T7 AATACGACTCACTATAG Kiém tra va gidi
SP6 TATTTAGGTGACACTATAG PGEM-T trinh tw 168
pGEM/SW14-BT
Ubi-t-F | CCCTGCCTTCATACGCTATT [Ubi:Nos] 1315
NOS-t-R | AGACCGGCAACAGGATTCAA (pCas9)
Cas9-F | CCATGGCCCCAAAGAAGAAG Kiém tra
Cas9 (pCas9) 4108
Cas9-R | TCAATCGCCGCCGAGTTG pCas9/gRNA-
Cas9—tR | GCCTCGGCTGTCTCGCCA Cas9 (pCas9) | SW14
U6-F GGATCCGGATCATGAACCAACG | pENTR4- 451
Ter—R GAATTCGATATCAAGCTT gRNA
pEN-F CTACAAACTCTTCCTGTTAGTTAG | pENTR4- Kiém tra | 2oy
pEN-R ATGGCTCATAACACCCCTTG gRNA pENTR4-gRNA
gﬁi‘;}: GTGTGGCTTGATGAGCTTAGCACC Thiét ké
A gRNA-SW14 | pENTR4/gRNA-
gw ar | AAACGGTGCTAAGCTCATCAAGCC SW14
SWI14-t-F | AACAAAAAAAAGCTAGCAGA Phan tich dot
W14-BT ién ca &
SW14-tR | CTTCGCCTTTGGTCTCCTAG Swid zlein cay chuyén | 711
SW14-
ACTTGCAAGCAAGAACAGTAGT o o
qPCR-F Phan tich bicu
OsSWEETI4 | | .. 168
SW14- hién gen
ATGTTGCCTAGGAGACCAAAGG
qPCR -R
RB-t-F CTTTTCTCTTAGGTTTAC Giai trinh ty
Cas9 Cas9/gRNA- | 1574
Ubi-t-R | GACCATGTCTAACTGTTC pas g\;f ; 8
HPT-F AAGGAGGTGATCCAGCC pCas9, s .
Ubi- Klerr{ tra cay 618
HPT-R GAGTTTGATCCTGGCTCAG F()Jas 9.7 chuyén gen
Actin-F TGATGGTGTCAGCCACACT OsActin Kiém tra cay 230
Actin-R | TGGTCTTGGCAGTCTCCATT chuyén gen
EFla-F | AGGCGCTGCTCAACTTCCCG OSEF 14 Phan tich biéu 101
EFla-R | CACGCACTCACCGTCGCTCA hién gen
X03756F | CATCGTTAGGACTGCCAGAAG Dinh danh | .
X03756R | GTGAGAACCACCGCCATCT Xanthomo nas
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Xo0080F GCCGCTAGGAATGAGCAAT Pinh danh loai 162
Xo0080R GCGTCCTCGTCTAAGCGATA Xoo
Xoc3866F | ATCTCCCAGCATGTTGATCG Pinh danh loai 601
Xoc3866R | GCGTTCAATCTCCTCCATGT Xoc
Phu luc 5. So do cac vector sir dung trong nghién ciru
{11,843) Ncol Balll (0}
(11,081) HindIIl Ahdl (209)
(11,073) Pstl - Sbfl
(11,063) Sall SnaBl (593)
(11,057) Xbal
(11,051) BamHI BstBI (1302)
{11,048) Kpnl
{11,042) AccH5I1
(11,040) Banll - Sacl
(11,038) EcoS3kl
(11,030) EcoRl Prll {z041)
BstEIl (2054)
(10,787) BstXl AT (2108)
{9945) Aatll MauBl (2300)
(9944} Zral
(9607) AsiSI =
(9558) Rsrll \/ CAMBIA1301
(8906) PspXI : L 11,650 b5
(8388) Sacll
(8260} Psil
(8115) Bpul0l Pasl (3793)
(7784) Bipl
Acll (4387)
(6447) BstZ171
(6252) PluTl
(6250) Sfol BSIWI {5347)
(6249) Narl BspOI* - Clal* (5543)
(6248) Kasl EcoNl (5776)
(6245) Mrel - Sgral Bsal (5868)
So do vector pPCAMBIA1301
Xmin| 2009
Scal 1890 \gvf(;‘fl T7 I
1 start
f1onr Apal 14
Aatll 20
Sphi 26
, ! |3
Amp PGEM®-T Easy lac? Bstiz| | 43
Vector i ﬁg\mn 43
o) = |2
™
2] % PENTR™4
e | o .
Pt | 88 Dual Selection Vector
ori Sall 90
Nde 97
Sac| 109
BstX1 |18
Nsil 127
141
SP6

So d6 vector pGEM-T

So d6 Vector pENTRY4
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Phu luc 6. Trinh ty diy dii doan promoter SWI14-BT

CATGCATATGCGTTGGGTTCATTAGATACCAAGCTTTAAACCCGGAAAAAAGATCATCaaaa2aaC0AAGAACAATTATGTTCTCTCTCCCTAAATGCAGGACTGTTAATTGA

AGCGAATAAAGCAGTCCAAGCTAGCTAGGGGAATTATCAGTAGCAGCATACAT GGAGAAAGCAAGCAAAAAAT TTTGTGGTTATGTGCTGGGGAAGAAAGCCATGGAAGAAAG
T

T T T T T
120 e 160 0 Pl m

CAAGGGTGCAGTGACGTGTAACAGT CATGGCCAAGCT TGAATGATCTGGCACGTAGAGTGTTCTGGCCTGTGCCTGGCACGCTTCTTTTTTGIGTGCCCATATTGCAAAGTAA

L] L]
wm w0 e e e

COGTGTGTGTGCCACTCCAACTGATAACTCACCATATAATAACTCTACAGTTATTGATAGATATATACATTACGTCCCt et TTTTAACTAATATCATCCAAATATTAGT TAAA

T T T T T T
b e e ane an a4

AAGGGGGCGTAGTGTATATAGCCAACAGCTGTCAAAAAAT TGAAAAT TGCAACAAATATACGTACAATTGCAAAGTGTAAATCACTCTTGTACTATCTTAAAAAGAAATGCAG

T T T T T T
460 an ] e sS4 60

AGTTTGATCGATTTTGTCTCTAATTTTAGGCAACTGGCATTCTGATTTTTTACAAGTGGGTTAATTAGAGCCAGCTGGT CTCAGATCGTCCGTTGGGGAATTAAAGGAGGTGT
T T

T T T
st (3] (¥ ] (21 (1]

GCTCCTTTGCGGCTCATCAGTTTCTCTAAGCTCTCACCATTCATTCCACTATACAAGCCTAAGGCAGCTAGCTTAGTTAATTACCTAATAACTATAGCTTGCCCAACTCTAGA

L] L ¥
I (] nee ne 14 ] ]

TCCCTTAACTAGGACAACTTGGAGTACACAACAATGTTACTAATCCCATGCATTGAGGACAGAGTTGTGAAGCAAACa33223a0GCTAGCAGATTGGCACTTTCTGTCATGE

T T T T T T
we e e e " e

ATGGGTGCTGATGATTATCTTGTATCTAATTTAATCAATCCCATGGCTGTGATTGATCAGGAATAGT TTGTGTGTGCAGCTATATTGCCTATTGGTGTCCAGGGT CACACACC

T T T T T
e e “e e 1,000

ATAAGGGCATGCATGTCAGCAGCTGGTCATGTGTGCCTTTTCATTCCCTTCTTCCTTCCTAGCACTATATAAACCCCCTCCAACCAGGTGCTAAGCTCATCAAGCCTTCAAGC
[ AvrXa? EBE

— — L 3.{ S—

[ TalC EBE > [ PthXo) EBE >
L3 i T T T T
1,000 1,040 1,060 1000 1,180 1.1

AMGCAAACTCAAGTAGTAGCTGATTACCAGCTCTTCTCTCTTCTCATTGAGAAGAGGGAAT TAAGT TTTGATCTCTGCTTTATTGCCTGATCATCCTCTTGTTACTTGCAAG

T T T T T T
1,4 1,168 1,180 1,200 10 1,40

CAAGAACAGTAGTGTACTGTGCCTCATTGATCTCCTCTCACCAMACtctetetetetetct cATATTCCGAGCTAGCTAGT TAATCAAGATCTTGCTGCAATGGCTGGCATGT
CEon T 58

T T T T T
1,268 1,0 1,20 1.3 1,40

CTCTTCAGCATCCCTGGGCCTTCGCCTTTGGTCTCCTAG
b Exon 1 >
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Phu luc 7. Danh muc ciy BT7 dwa ra ngoai va song sét trong nha hréi

Cay tai sinh CAy song sét trong nha lwéi (sau 14 ngay)

Lo1 Lo62 Lo63 Lo1 Lo62 Lo63
1.01 2.01 3.01 1.01 2.02 3.01
1.02 2.02 3.02 1.02 2.03 3.02
1.03 2.03 3.03 1.03 2.04 3.04
1.04 2.04 3.04 1.05 2.05 3.05
1.05 2.05 3.05 1.07 2.06 3.06
1.06 2.06 3.06 1.08 2.07 3.07
1.07 2.07 3.07 1.09 2.08 3.08
1.08 2.08 3.08 1.10 2.11 3.09
1.09 2.09 3.09 1.11 2.12 3.10
1.10 2.10 3.10 1.12 2.13 3.11
1.11 2.11 3.11 1.14 2.15 3.13
1.12 2.12 3.12 1.15 2.16 3.14
1.13 2.13 3.13 1.16 2.17 3.15
1.14 2.14 3.14 1.17 2.18 3.17
1.15 2.15 3.15 1.18 2.19 3.18
1.16 2.16 3.16 1.20 2.21 3.19
1.17 2.17 3.17 1.21 2.23 3.20
1.18 2.18 3.18 1.22 2.24 3.21
1.19 2.19 3.19 1.23 2.25 3.22
1.20 2.20 3.20 1.24 2.26 3.23
1.21 2.21 3.21 1.25 2.27 3.24
1.22 2.22 3.22 1.26 2.29 3.25
1.23 2.23 3.23 1.28 2.30 3.27
1.24 2.24 3.24 1.30 3.28
1.25 2.25 3.25 1.31 3.30
1.26 2.26 3.26 1.32 3.32
1.27 2.27 3.27 1.34 3.33
1.28 2.28 3.28 1.35 3.35
1.29 2.29 3.29 1.37 3.38
1.30 2.30 3.30 1.38 3.39
1.31 3.31 3.40
1.32 3.32 341
1.33 3.33 3.42
1.34 3.34 3.44
1.35 3.35 3.45
1.36 3.36
1.37 3.37
1.38 3.38

3.39

3.40

341

342

3.43

3.44

3.45

3.46

3.47
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Phu luc 8. Danh muc dong lua BT7 kiém tra PCR dwong tinh

T Moi Actin Moi HPT Moi Cas9 Moi gRNA-SW14
Lol |Lo2|Lé3 | Lo1|Lé2|Lo3 | Lél | Lo2|Lé3 | Lol | Lé2 | Lé3
1 | 1.01]202]301 ] 101 [202]301]1.01]202]301]101]202]3.01
2 [ 1.02]203]3.02]1.02]203]302]1.02]203]3.02]1.02]203] 3.02
3 [ 1.03]204]304] 103204304 1.03]204]3.04]1.03]204] 3.04
4 1105205305 1.05]205]3.05]1.05]206|3.05] 1.05] 206 | 3.05
5 [1.07 [ 206 ]306] 107206306 107|207 ]3.06] 1.07 | 2.07 | 3.06
6 | 1.08 [ 2.07 [ 3.07 | 1.08 | 2.07 | 3.07 | 1.08 | 2.08 | 3.07 | 1.08 | 2.08 | 3.07
7 [1.09 [208]308] 109208308 1.09]211]3.08]1.09]211]3.08
8 | 1.10 | 2.11 [ 3.09 [ 1.10 | 2.11 | 3.09 | 1.10 | 2.12 | 3.09 | 1.10 | 2.12 | 3.09
9 [ 111 212310 ] 111 | 212 [ 310 | 1.11 | 213 | 3.10 | 1.11 | 2.13 | 3.10
10 | 112 [ 213 [ 301 [ 112 [ 213 [ 301 | 112 [ 215 | 301 | 1.12 | 2.15 | 3.11
11 | 114 | 215 [ 313 | 1.14 [ 215 [ 313 | 1.14 | 2.16 | 3.13 | 1.14 | 2.16 | 3.13
12 | 115 | 216 | 314 | 1.15 | 2.16 | 3.14 | 1.15 [ 217 [ 3.14 | 1.15 | 2.17 | 3.14
13 | 1.16 | 217 | 3.15 | 1.16 | 2.17 | 3.15 | 1.16 | 2.18 | 3.15 | 1.16 | 2.18 | 3.15
14 | 117 | 218 [ 3.17 | 1.17 [ 218 [ 317 | 1.17 | 219 | 3.17 | 1.17 | 2.19 | 3.17
15 | 1.18 | 219 | 3.18 | 1.18 | 2.19 | 3.18 | 1.18 | 2.23 | 3.18 | 1.18 | 2.23 | 3.18
16 | 120 | 221 [ 3.19 [ 1.20 | 221 [ 3.19 [ 1.20 | 224 | 3.19 | 120 | 2.24 | 3.19
17 | 121 | 223 [ 320 | 1.21 | 223 | 320 | 1.21 | 225 | 3.20 | 121 | 2.25 | 3.20
18 [ 122 | 224 [ 321 [ 122 | 224 [ 321 | 122 | 227 | 321 | 122 | 227 | 321
19 | 123 | 225 [ 322 | 123 [ 225|322 | 123229 322|123 |229 322
20 | 124 | 226 | 323 | 1.24 | 226 | 323 | 1.24 | 230 | 3.25 | 124 | 2.30 | 3.25
21 [ 125227 | 324|125 ] 227|324 ] 125 327 | 1.25 3.27
22 | 126 | 229 | 325 | 126 | 229 [ 325 | 1.26 328 | 1.26 3.28
23 | 128 | 230 | 327 | 1.28 | 230 | 327 | 1.28 330 | 1.28 3.30
24 | 1.30 328 | 1.30 328 | 1.30 335 | 1.30 3.35
25 | 131 330 | 1.31 330 | 1.32 338 | 1.32 3.38
26 | 1.32 332 | 1.32 332 | 1.34 3.40 | 1.34 3.40
27 | 1.34 333 | 1.34 333 | 1.35 341 | 135 3.44
28 | 1.35 335 | 1.35 335 | 1.37 342 | 137 3.45
29 | 1.37 338 | 1.37 3.38 3.44
30 | 1.38 339 | 1.38 3.39 3.45
31 3.40 3.40
32 3.41 3.41
33 3.42 3.42
34 3.44 3.44
35 3.45 3.45




157

Phu luc 9. Sang loc ciac dong lia BT7 chuyén gen bang qPCR.

Lol Lo 2 Lo63

STT Dong Av 2ACt£SD Dong Av 2ACt+SD Dong Av 2ACt£SD
1 1.01 0.53+0.002 2.02 0.48+0.031 3.01 1.05+0.057
2 1.02 0.95+0.057 2.03 0.94+0.027 3.02 0.55+0.029
3 1.03 0.52+0.028 2.04 0.49+0.013 3.04 0.41+£0.018
4 1.05 0.51+0.017 2.06 0.49+0.043 3.05 0.91+0.012
5 1.07 0.47+0.020 2.07 1.01+£0.212 3.06 0.49+0.032
6 1.08 1.25+0.017 2.08 0.53+0.002 3.07 0.524+0.020
7 1.09 0.52+0.029 2.11 0.53+0.002 3.08 1.15+0.019
8 1.10 0.51+0.008 2.12 0.52+0.029 3.09 1.52+0.029
9 1.11 1.37+0.015 2.13 0.41+0.057 3.10 0.51+0.008
10 1.12 0.53+0.044 2.15 1.01+£0.212 3.11 0.58+0.021
11 1.14 0.57+£0.014 2.16 0.93+£0.026 3.13 0.52+0.059
12 1.15 0.44+0.048 2.17 0.53+0.002 3.14 0.49+0.038
13 1.16 1.17+0.126 2.18 0.41+0.057 3.15 0.50+0.041
14 1.17 0.90+0.053 2.19 1.17+£0.126 3.17 0.93£0.026
15 1.18 0.54+0.027 223 0.91+0.212 3.18 1.27+0.126
16 1.20 0.48+0.031 2.24 1.20+0.159 3.19 0.51+0.039
17 1.21 1.01+£0.212 2.25 0.95+0.057 3.20 0.88+0.037
18 1.22 1.10+0.159 2.27 1.29+0.035 3.21 0.41+£0.028
19 1.23 0.49+0.035 2.29 0.99+0.040 3.22 1.49+0.027
20 1.24 0.50+0.049 2.30 0.93+0.026 3.25 0.52+0.029
21 1.25 1.17+0.020 3.27 0.41+0.057
22 1.26 0.51+0.033 3.28 1.61+0.112
23 1.28 0.97+0.015 3.30 1.26+0.059
24 1.30 0.91+0.022 3.35 1.524+0.069
25 1.32 0.93£0.026 3.38 1.31+0.037
26 1.34 0.99+0.040 3.40 1.45+0.019
27 1.35 0.91+0.027 3.44 1.07+0.02
28 1.37 0.91+0.008 3.45 0.57+£0.012
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Phu luc 10. Két qua danh gia sinh truéng cia dong lia BT7 ddt bién thé hé T,

a as Thoi gian sinh Chiéu cao ca So hat thu dugc
STT Tén dong trlrﬁ'ligg (ngay) trwémng thanh (z’m) (hat)
1 BT7-WT 105 105,20 85
) BT7 in vi;tro, khong 102 100,51 43
chuyén gen

3 1.01 104 100,00 53
4 1.03 105 100,20 32
5 1.05 103 56,83 0
6 1.07 104 99,13 8
7 1.09 Cay chét sau khi trong ra dat

8 1.10 105 98,55 61
9 1.12 106 98,17 58
10 1.15 104 100,38 44
11 1.18 105 62,20 11
12 1.23 104 101,83 29
13 1.24 Cay chét sau khi trong ra dat

14 1.26 105 100,17 0
15 2.02 105 99,50 68
16 2.04 102 97,67 37
17 2.06 104 99,17 5
18 2.08 105 101,67 14
19 2.12 Cay chét sau khi trong ra dat
20 2.13 103 98,95 ‘ 10
21 2.17 Cay chét sau khi trong ra dat
22 2.18 104 95,25 7
23 3.02 105 104,33 11
24 3.04 102 41,88 0
25 3.06 Cay chét sau khi trong ra dat
26 3.10 104 101,17 8
27 3.11 Cay chét sau khi trong ra dat
28 3.13 105 44,57 0
29 3.14 103 96,75 55
30 3.19 104 98,50 6
31 3.21 105 100,75 18
32 3.25 Cay chét sau khi trong ra dat

33 3.27 106 96,17 16
34 3.45 Cay chét sau khi trong ra dat




