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TOM TAT

Hé thdng cam ung tao ré to dang dugc tng dung rong rai trong nghién ciru vé chirc ning gen,

biéu hién gen va chinh stra hé gen trén nhiéu loai thyuc vat. Trong nghién ciu | nay, ching toi phat trién,
hoan thién va danh gia hoat dong cua hé thong chuyen gen cam ung tao ré to in vitro théng qua vi
khuan Agrobacterium rhizogenes trén mot sé gidng dau tuong cua Viét Nam va thé gisi. Kha ning
tao ré to in vitro va hiéu qua chuyen gen thong qua cam g tao ré to co s bién dong phu thudc vao
gidng dau ‘twong cling nhu ciu trdc gen chuyén. Ty I€ tao ré to cua céc gidng dau tuong dao dong tur
61,67% dén 100% sau 5 ngay trén moi truong nudi cay. Ty 1é ré to mang gen chuyén & cau tric gfp
dao dong tir 43,8% dén 79,8%, trong khi vai cau trac gus, ty 18 nay dat tir 38,07% t6i 72,33%. Trong
do, giéng dau twong DT26 cho thiy kha nang thu nhan va biéu hién gen chuyén tét nhat véi ca hai
cau trdc gen chi thi duoc nghién cau. Hé théng cam tng ré to nay duoc tng dung trong viéc tao dot
bién dinh hudng thdng qua hé théng CRISPR/Cas9 trén hai gen G03 va G19 cua giéng ddu twong
DT26. Dot bién dinh huéng trén ving gen quan tdm duoc khing dinh théng qua cac bang vach méi
khi so sénh véi dong ré to khong chuyén gen trong phan tich PAGE. Két qua giai trinh ty vang gen
quan tam ghi nhan cac dot bién mat doan dao dong tir -3 bp t&i -25 bp trén ca hai gen quan tam. Két
qua nay la co s& quan trong trong viéc nghién ciru chirc nang gen va chinh sua gen muc tiéu trén cay
dau tuong & nudc ta trong tuong lai.

Tir khoa: Agrobacterium rhizogenes, CRISPR/Cas9, ddu twong, gus, ré to

MO BAU

Pau tuong (Glycine max (L.) Merr.) hay dau
nanh thuoc giong cay ho Pau (Fabaceae), 1a cay
trong cé gia tri dinh dudng va kinh té cao. Cac nha
nghién ctu goi dau tuong la “thit khong xuong”
thay thé dwoc cho ngudén dam dong vat. Ham
lugng protein c6 trong d4u tuong cao nhat trong
cac loai hat thuc vat (35-50%), cao gap 2 lan
lugng protein c6 trong c4, thit nhung lai dé tiéu
hoa va khdng c6 thanh phan tao cholesterol. Cay

d4u twong dugc trong wu tién & khip cac chau luc
VGi muc tiéu giai quyét nan doi va thiéu protein,
bo sung ham lugng dinh dudng quan trong cho
ngudi va lam thice 4n cho gia sic (Nguyén Manh
Chinh, Nguyén bang Nghia, 2007). My, Brazil,
Argentina, Trung Qudc va An D¢ la cac qu0c gia
¢6 san lugng dau twong cao, chiém 90% tong san
lwong dau tuong trén thé gidi. San lwong dau
trong cua nudc ta xép vao nhom thap do chat
lwong giéng chua cao va anh hudng nang né cua
sdu bénh hai (The American Soybean
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Association, 2019). Do vy, viéc cai tao va phat
trién cac giong dau tuong nham dap ung nhu cau
mao rong dién tich, nang cao nang suat Chat lugng
dang dugc cac nha nghién cau va chon giéng tap
trung quan tdm trong nhirng nam gan day.

Ung dung cong nghé sinh hoc trong viéc
nghién cuiru cai tao giong Cay trong da mang lai
nhiing thanh céng déng ké trén nhicu dbi twong
khac nhau trong do c6 cay dau twong (Rafalski et
al., 1993; Hwang et al., 2008, Nguyén Vin Manh
et al., 2016). Sir dung phuong phap chuyén gen
thong qua vi khuan Agrobacterium tumefaciens da
tao ra cac giéng dau twong maéi mang tinh trang
t6t nhu: khang thudc diét co, khang sau bénh hai,
khang diéu kién khac nghiét ciia méi truong (han
han, ngap Ung, chua-phén), ting ning suit, ting
chat lwong hat... (Hinchee et al., 1988; Zhang et
al., 1999; Olhoft et al., 2001; Paz et al., 2004; Paz
etal., 2006). Gan day, cong nghé chinh sira hé gen
thdng qua hé thong CRISPR/Cas9 da dugc phét
trién vai nhiéu wu viét va cho thiy tiém ning to
Ién trong chon tao giéng cay trong (Podevin et
al.,2013; Korotkova et al.,2019). Trén cay dau
tuong, cong nghé nay da cho thiy nhing trién
vong va thanh cong budc dau véi mot sb giéng
dau twong nhat dinh (Cai et al., 2015; Jacobs et
al., 2015; Kanazashi et al., 2018, Do et al., 2019).
Phat trién va ang dung cong nghé nay s& mé ra
tiém ning to 16n trong nghién cau cai tao cac
gidng dau twong Viét Nam.

Budc quan trong hang dau quyét dinh su
thanh cong cia phuong phap chuyén gen ciing
nhu chinh sira hé gen trén thuc vat 1a viéc kiém
tra hoat dong cua hé théng vector chuyén gen va
cau tric chinh sira hé gen (Gelvin et al., 2003).
Tuy nhién, dau twong 1a cdy trdng c6 hiéu suat
chuyén gen rat thip dan t6i chi phi 16n dé danh
gia hiéu qua caa mot hé thdng chinh sira gen (Li
et al., 2015). Do vay, can mdt phuong phap
nhanh va hiéu qua hon dé danh gia hoat dong cua
cac cau tric chuyén gen trén loai cay nay. Mot s6
nghién ctru trude day da thanh cong trong viéc st
dung hé thdng cam wng tao ré to dé kiém tra hoat
dong cua ciu trdc chuyén gen ciing nhu hiéu qua
chinh stra hé gen & dau tuong. Cac nghién ctu
nay ciing khang dinh kha ning cam ung tao ré to
cling nhu hidu suat chuyén gen thong qua ré to
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phu thudc rat 16n vao gidng dau twong sir dung
(Cao et al., 2009; Keyes et al., 2009; Weber et
al., 2011; Jacob et al., 2015; Chen et al., 2018).
Mic dU vay, huéng nghién ciru nay van chua
dugc thyc hién trén cac giéng dau tuong o Viét
Nam. Trong nghién ctru trude day, chiing t6i da
ung dung thanh cong hé th()ng chuyén gen cam
{rng tao ré to thong qua vi khuan Agrobacterium
rhizogenes trong diéu kién in vivo dé kiém tra
hoat dong cuia cau tric biéu hién gen va chinh stra
gen CRISPR/Cas9 trén mot sé gidng dau tuong
Viét Nam (Nhung et al., 2019). Tuy nhién, véi
phuong phap in vivo viéc sir dung méi truong dé
chon loc céc ré chuyén gen khong thé &p dung.
Ngoai ra, viéc duy tri va nhan nhanh sinh khéi
cac dong ré to théng qua hé thdng in vivo phuc
vu cé&c phan tich tiép theo gap nhiéu han ché.

Trong nghién ciu ndy, chdng tdi tiép tuc tién
hanh nghién ciu thiét 1ap va phat trién hé thdng
cam ung ré to in vitro, s dung thanh cong hé
thdng nay trong danh gia biéu hién gen va hoat dong
cua cac cau trdc chuyén gen, chinh stra gen trén mot
s6 gidng dau twong lam co s& cho cac nghién cau
ung dung cong nghé sinh hoc trong chon tao
gidng dau twong & Viét Nam trong twong lai.
VAT LIEU VA PHUONG PHAP
Vat liéu nghién ciu

Bdn gidng dau tuong BT22, BT26, Williams
82 (WL82), Maverick (Mr) dugc cung cip bai
Trung tdm Nghién ctu va Phét trién Dau d6 — Vién
Cay luong thuc va Cay thuc pham — Vién Khoa hoc
Nong nghiép Viét Nam. Vector pZY 102 mang gen
chi thi gus va gen chon loc thudc trir co bar
(pZY102/gus), va vector pFGC5941 mang gen chi
thi gfp va gen chon loc thuéc trir co bar (pFGC/gfp)
nam trong vi khuan A. rhizogenes K599 duoc cung
cap bai Phong Cong nghé té bao thuc vat — Vién
Cdng nghé sinh hoc — Vién Han lam Khoa hoc va
Cong Nghé Viét Nam.

Phuwong phap nghién cau

Quy trinh duoc phét trién dua trén phuong
phép cua Chen va dong tac gia (2018) c6 cai tién
véi thanh phan cac méi truong sir dung trong
nghién ctru duoc trinh bay ¢ Bang 1.
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Bang 1. Thanh phan méi trwéng nudi cy ré to dau twong.

Tén méi trwéng Thanh phan

GCM (Gieo hat)

Nu6i cay khuén lac

MS (Murashige and Skoog, 1962); 20 g/L sucrose; 3g/L phytagel, pH 5,6

YEP (Yeast Extract Peptone); 12 g/L Bacto agar; khang sinh (streptomycine,
spectinomycine va kanamycin nong d¢ (250-500 mg/L) tuy thoi diém, pH 7,0

MS; 30 g/L sucrose; 3,0 g/L phytagel; khang sinh cefotaxime ndng dé (250-

Lay nhiém Y% MS; 20 g/L sucrose, pH 5,6
ICM (Nudi cdy phat sinh r&
to) 500 mg/L), pH 5,6

Chon loc ré to

MS; 30 g/L sucrose; 3,0 g/L phytagel; khang sinh cefotaxime ndng dé (250-
500 mg/L); glufosinate (1-3 mg/L)

Chudn bi nguyén liéu bién nap

Hat déu tuong duoc chon dung lam nguyén
liéu bién nap 1a nhiing hat to, tron déu, vo hat
ddng mau, nhin, khong bi tén thuong; duoc dit
trong dia petri riéng cho timg gidng. Céc dia hat
duge mo va dit trong binh hit 4m bang thity tinh
trong ti hit an toan sinh hoc dé dugc khir tring
bang khi Clo (tao thanh tr 100 mL natri
hypoclorit 10% va 4 mL HCI 12N), dong nhanh
nap binh va niém phong bang parafilm ngay sau
d6. Hat gidng duoc khir tring trong thoi gian tir
16-20 h tuy theo giéng dé dam bao d6 nay mam
cho hat.

Dia hat sau khi khir tring s& duoc dong nip
va chuyén vao tu cay vo tring. Hat dugc gieo v6i
s6 Iuong 5 hat cho 1 dia chira 20 mL moéi truong
GCM, diéu kién nudi cdy 26-28°C, thoi gian
chiéu sang 8 h/ngay. L4 mam duoc tach tir cay
mam 3 ngay tudi s& dugc dung nguyén lidu cho
qua trinh bién nap.

Bién nap tao ré to

Chuan bi khuan va méi truong lay nhigm:
Khuan gdc luu trit trong glycerol, & -80°C dugc
ciy trén méi truong tao khuan lac trong 2-3 ngay
& diéu kién téi, nhiét do 28°C. Tiép theo, cac
khuan lac don dugc nudi cdy trén moi truong
nudi cay huyén pha vi khuan trong diéu kién lac
250 vong/phat, nhiét @6 28°C, qua dém. Dich
nudi khuan duoc ly tam, thu sinh khéi va hoa
lodng vé& mat do vi khuan ODsgso dat muc 0,6
trong méi trudng lay nhidm dé tao huyén phu vi
khuan dung cho bién nap.

Lay nhidm: Sau 3 ngay gieo hat than mam
va cudng 14 dugc loai bo. LA mam duoc tach ra
va gay ton thuong bang dao cay tai vi tri not 14
mam dé 1am nguyeén liéu chuyén nap. Tiép dén,
mau dwugc ngdm trong huyén phu vi khuan
khuan trong 30 phit. Sau lay nhiém, mau duogc
dong nudi ciy trén bé mat gidy thim am trong
dia petri 5 ngay trong diéu kién sang hoan toan
& 24-26°C.

Cdm #ng tao ré to'va kiém tra biéu hi¢n gen chi
thi

Manh 14 mam sau khi dong nudi ciy s& duoc
rca khuan biang dung dich nudc cat bd sung
cefotaxime nong d6 500 mg/L va chuyén Ién moi
truong ICM cam tng tao ré to trong 5 ngay, diéu
kién 26°C, sang hoan toan. Ré to dau tuong €O
chiéu dai tir 1,5-2 cm duoc cdy chuyén trén moi
truong chon loc ré to c6 chira glufosinate 3,0
mg/L. Hé r& phét trién trén moi truong chon loc
dugc thu thap va danh gia biéu hién cua gen
chuyén.

Ré& to dugc hinh thanh véi cau tric mang gen
gfp duoc soi truc tiép bang kinh hién vi huynh
quang, doan r& to chtra cdu tric chuyén gen s&
phat sang, do phét sang tiy thudc vao biéu hién
cua gen gfp. B4i véi hé ré to hinh thanh tir ciu
trdc mang gen chi thi gus s¢ dugc ngdm trong
dung dich X-Gluc va dat trong ta 6n nhiét 37°C
qua dém theo phuong phap cua Jefferson va dong
tac gia (1987). Biéu hién mau GUS (xanh lam)
va biéu hién mau huynh quang s& duoc quan sat,
thdng ké va chyp anh luu gii.
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Kiém tra sw c6 mat ciia gen chuyén va hogt
dong cua hé thong chinh si#a gen
CRISPR/Cas9

DNA hé gen dugc tach chiét tir ré to theo
phuong phap CTAB ciia Doyle va dong tac gia
(1991). Ciap moi Bar-F (5°-
TACCATGAGCCCA GAACGACGCCC-3") va
Bar-R (5’-TACCAT
GAGCCCAGAACGACGCCC-3’) duoc s
dung kiém tra sy c6 mit cua gen khang thude trir
co; Cas9-F (5’-GCCCAAGAGGAACAGCGAT
AAGC-3’) va Cas9-R (5’-CAGTTCGCCGGCA
GAGGCCAGC-3) dugc st dung dé kiém tra su
c6 mat cua gen ma hoéa protein Cas9 trong ciu
trdc chuyén gen. Gen dich dugc khuéch dai bang
phan tng PCR voi cip moi GO3F/R (5°-
TGACGGAAATGGCCATGCTCCTG-3°/5’-
CCCCGTATATCTCCATGGCTTGG-3’) va
G19F/R (5’-TCTTGATTGAGTAAGGTGTG
AG-3’/5’-GCGCCAGAGCATGGCAAGGAC-
3°). San pham khuéch dai dugc dién di trén gel
agarose 1% hoac gel polyacrylamide 15% (dbi
v6i san pham khuéch dai gen dich). San pham
PCR cua gen dich dugc tinh sach va giai trinh tu
dé kiém tra sy xuat hién cia dot bién dinh huéng.
X ly sé ligu

Céc thi nghiém dwoc bd tri hoan toan ngau
nhién véi 3 lan Iap lai. S6 liéu thu duoc tir két
qua cac thi nghiém duoc xu Iy bang phan mém
Excel va SPSS (version 16.0).

tao ré to (%)
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Hi¢u qua cam ng tao ré to ciia cac giong dau
twong

Nhiéu nghién ctru chuyén gen trén dau tuong
da chi ra rang hiéu suat chuyén gen bang vi khuan
c6 lién quan chat ché toi gidng dau tuong dugc
lya chon. Bdng thoi qua trinh nudi ciy va bién
nap khuan dong vai tro quan trong anh hudng dén
hiéu suat bién nap gen vao té bao thuc vat
(Meurer et al., 1998; Jia et al., 2015). Trong
nghién ctu nay, ching toi tién hanh chuyen gen
tao ré to cho hai giong dau tuwong cd nguon goc
ngoai nudc la Williams 82 (WL82), Maverick
(Mr) va hai gidng dau tuong dugc tréng phd bién
tai Viét Nam la gidng DT22, PT26 thong qua
chung vi khuan A. rhizogenes K599 mang mot
trong hai cdu trdc chuyén gen (pZY102/gus,
pFGClgfp). Cac manh 14 mam dau twong dugc
lay nhiém dich khuan trong 30 phdt, tham kho
qua gidy va Chuyen 1én dia c6 chira gidy am dé
ddng nudi ciy.

Két qua ghi nhan vé chi tiéu ty 1& miu tao ré
to sau 5 ngay nudi cdy trén moi trudng cam tng
tao ré cho thay: ca bon gidng ddu tuong thi nghiém
duoc bién nap khuan K599- pFGC/gfp c6 ty 1é
mau phét sinh ré to dat mac cao (Hinh 1). Khi
quan sat mau tai vi tri tao ton thwong, chung toi
s6m nhan thay md seo cam ¢ng sinh r& xut hién
ngay ¢ ngay tha nhat trén moéi truong cam wng
tao ré (Hinh 2).

bT22

bT26

Bcéiu tric pFGC/gfp

Hinh 1.
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Ty lé tao ré to cla céc gidng dau twong chuyén gen.
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WL82 DT22 bT26 Mr
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bT22 bT26 WL82 Mr

Hinh 2. Cém rng tao 'ré to trérl céac gibng dau twong nghién ctru. QA) Mb seo hinh thanh tai vi tri tén thwong sau
thoi gian dong nubi cay; (B) Ré to cdm rng trén mdi trvdng tao ré

A

Hlnh,3. Phét trién ré to dau,tu’ong sau 5 ngay trén moi tredng cam (rng tao ré. (A) Ré to cua giébng Mr; (B) R&
to giong BT26; (C) Ré to giong WL82; (D) Ré to giong BT22

Sau 5 ngay cam ung tao ré, ty I¢ tao ré to tir
c4u tric mang gen gfp trén giéng DT22 dat 100%
va WL82 dat 98,33%. Trong khi do, ty I¢ nay cta
glong Mr la 95% va DT26 chi dat 93,33%. Vi
cau trc mang gen chi thi gus, ty ¢ tao ré to cao
nhét cua hai gidng DT22 va WL82 khi bién nap
chi dat muc 95%. Ty 1é ndy giam xudng 88,33%
Vi gidng DT26 va 61,67% 6 gidng Mr. Ket qua
nay cho thdy glong dau tuong cling nhu cau tric
chuyén gen c6 anh huéng tryc tiép téi ty 16 mau
tao ré to in vitro trong bién nap sir dung vi khuan
A. rhizogenes (Hinh 1, Hinh 3).

Bén canh do, s r& to trung binh cuia hai giéng
déu tuong trong nudc DT22 va BT26 cho thay
su khac biét co ¥ nghla vé mit théng ké so Vi
hai glong nudc ngoai WL82 va Mr. Sau 10 ngay
nudi cay trén moi tru’ong cam ung tao réto, glong
bT22 vabT26 blen nap voi khuan mang cau trdc
pZY102/gus c6 sb ré to trung binh dat lan luot 1a

38,32 va 30,67 ré/mau; va bién nap véi khuan
mang cau tric pFGC/gfp sb ré to trung binh dat
la 35,13 ré/mau va 31,03 ré/mau. Trong khi do,
gidng dau twong Mr va WL82 ¢6 sé ré to trung
binh tao ra thap khi bién nap véi ca hai chung
khuan thi nghiém. Cu thé, s ré trung binh thip
nhét thu duoc & gidng WL82 vai 20,3 ré/mau khi
bién nap véi cau tric pZY102/gus va 18,32
ré/mau véi cau tric pFGClgfp.

Téng hop két qua trén cho thay glong dau
twong DT22 ty 1é ra ré ciing nhu 6 ré to trung
binh duogc tao ra tu qua trinh cam @ng chuyén &
ca hai céu tric pZY102/gus va pFGC/gfp dat ty
Ié cao nhat. Hiéu qua cam tng tao ré to in vitro
thap nhat 1a gidng WL82.

Tur két qua nghién ctu trén trén, ching toi
thiét 1ap va dua ra quy trinh cam (ng tao ré to in
vitro cho cac gidng dau tuong nghién ctu véi cac
budc chi tiét cua quy trinh & Hinh 4.
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Hinh 4. Quy trinh cam &ng tao ré to in vitro trén dau twong théng qua A. rhizogenes K599. (A) Khir trung hat
bang khi Clo, thei gian 16-20 gio; (B) Hat nay mam tren moi trvong MS sau 04 ngay, trong dléu kién nhiét do
26°C, anh sang 8 gio/ngay; (C) La mam sau khi tao ton thwong va nhiém khuan (D) Dong nudi cady mau la mam
trong 5 ngay trén giay thdm am; (E) Cam (rng tao ré to dau twong tir 14 mam; (F) Ré to hinh thanh trén moi
truéng cdm (ng tao ré; (G) Ré to phat trién sau 10 ngay trén méi truong.

Kiém tra hoat dong cia gen chuyén thong qua
hé thong reé to

Phét trién cia ré to trén méi trwong chon lgc
Do c4c ciu tric chuyén gen déu c6 chira gen

khang thudc trir ¢6 (gen bar), chung t0i danh gia
biéu hién ciia gen nay trong ré to dau tuong thong

gua nudi cay trén méi truong chon loc. Ré to cua
bon gidng dau tuong dugc bién nap gen véi cau
tric pZY102/gus va pFGC/gfp dugc cit thanh
ting doan c6 chiéu dai tir 1,5-2 cm va nudi cay
trén moi truong chon loc chira hoat chét chon loc
glufosinate (1-3 mg/L). Ty 1¢ mau ré to sdng va
cod bleu hién gen chi thi dugc thu thap sau 5 ngay
nudi ciy.

Bang 2. Ty 1& mau séng va cac mau biéu hién gen chi thi trén méi trwéng chon loc.

Ty lé ré séng
trén moi treong chon

Ty lé ré c6 biéu
hién gen chi thi (%)

Chiéu dai trung binh
cha ré trén moi

S6 ré trung binh tao
thanh (ré/mau) sau

loc (%) 10 ngay nudi cay trwong chon loc (cm)
Céutric  pzY102/ pFGC/ gus ofp pZY102/ pFGC/ pZY102/ pFGC/
Giong gus gfp gus gfp gus ofp
bT22 81,482 89,262 68,10% 76,052 38,322 35,132 2,57° 2,88
bT26 91,672 91,672 72,332 79,802 30,672 31,03 4,67% 3,79
WL82 60,00° 48,15° 38,07° 43,80° 20,30° 18,32¢ 2,43° 2,77
Mr 50,00° 75,00% 40,27° 45,83° 28,20 26,06° 2,39° 2,15

Ghi cha: Trong cling mét cot, cac s c6 chir theo sau gidng nhau thi khac biét khéng cé y nghia thdng ké theo

phép thir Duncan 1 %, , mtc 0,01)
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S6 ligu thong ké & Bang 2 cho thiy, ré to cta
hai giéng dau twong PT22 va DT26 duoc bién
nap vai cau tric pZY102/gus va pFGC/gfp ¢ ty
I6 séng cao trén méi truong chon loc chua
glufosinate va khong co sy khac biét théng ké so
Vai hai glong con lai. Trong do, gidng DT26 c6
ty l¢ séng dat 91,67% d6i véi ca véi cau tric
pZY102/gus va pFGC/gfp. Thém vao d6, chiéu
dai trung binh cia ré to tir giong DT26 bién nap
cau truc chuyen gen pZY102/gus la 4,67 cm va
Vi Cau trdc bién nap pFGC/gfp 1a 3,79 cm. Nhu
vay, gidng dau twong cua Vlet Nam DT26 c6 re
to tang truong nhanh hon gidng Mr ¢ ca hai cau
trdc chuyén gen (2,39 cm véi pZY102/gus va
2,15 cm véi pFGClgfp) (Bang 2).

Bén canh do, giéng DT22 ciing cho két qua
sbng tbt trén moi truong chon loc, dat ty 18 séng
81,48% véi cau triac pZY102/gus va 89,26% Vi
cau truc pFGClgfp. Tuy nhién, chiéu dai trung
binh cta ré trén moi truong chon loc cua giéng
bT22 bién nap pZY102/gus va pFGC/gfp déu
ngén hon so véi gidng BT26 (Bang 2).

Hai glong dau tuong nhap noi WL82 va Mr
co h¢ ré to phét trién kém trén moi trudong nuoi
cay chira glufosinate & ca hai ciu tric chuyén gen

WL82

bT22

bT26

pZY102/gus va pFGC/gfp. Cu thé, ty 1€ mau
song trén moi truong chon loc cua giong WL82
mang cau tric pZY102/gus dat 60% va ¢ giéng
Mr chi dat 50%. Mac du & cau trlc chuyén gen
pFGClgfp, giéng Mr cho ty 18 ré song dat 75%
nhung van thip so véi hai gidng dau twong cua
Viét Nam.

Biéu hign ciia gen chi thi trong ré to ddgu twong

Két qua phan tich ty 1é mau biéu hién gen chi
thi & Bang 2 cho thay: ty 1¢ biéu hién cua gen gus
dat 72,33% véi gidng BT26. Ty 1é nay ¢ céc
gidng BT22, Mr, WL82 lan luot dat 68,1%,
40,27% va 38,07%. Quan sat mau ré to nhuém
X-Gluc cua hai gidng cho thdy hau hét céc ré to
tao dwoc cd biéu hién mau xanh lam dic trung
(Hinh 5A). Két qua kiém tra dudgi kinh hién vi
huynh quang ciing khang dinh mirc do biéu hién
cua gen gfp trong ré to ctia Cac glong dau tuong
nghién cau (Hinh 5B). Cu thé, ty 18 trung binh
ciia cac mau biéu hién gen gfp co trong ré to
chuyén gen cua gidng DT26 dat 79,8% cao nhat
trong bén giéng dau tuong thi nghiém, glong
DT22 ciing dat ty 18 cao 72,33%, ké dén la gidng
Mr 45,83%, thap nhat 1a giéng WL82 43,8%.

Hinh 5. Biéu hién gen chi thi trén ré to cay dau twong. (A) Ké&t qué nhudém X-Gluc; (B) Kiém tra biéu hién cta

GFP dwdi kinh hién vi huynh quang.

Nghién ctu cta chung téi su dung phuong
phép bién nap in vitro cé cai bién lan dau tién
dugc ap dung trén hai gidng dau twong ¢ ning
suit cao cua Viét Nam (BT22 va BT26). Két qua
nghién ctru cho thiy hai giéng dau tuong DT22
va DT26 c6 kha ning tiép nhan tét ca hai ciu tric

chuyén gen pZY102/gus va pFGC/gfp. Trong
diéu kién phong thi nghi¢m cua chung toi, hi¢u
qua chuyén gen cua hai giong dau twong nay thé
hién wu viét hon so v6i 2 giong dau tuong nudc
ngoai. Két qua nay la nén tang dé kiém tra hiéu
qua cta cac ciu tric chuyén gen phuc vu nghién
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clru nang cao chét luong cac gidng dau tuong
trong nudce.

Trong nghién ctu cua Chen va dong tac gia
(2018), Ia mam d4u tuong 5 ngay tudi bao gom
cuong la dai 0,5 cm duoc s dung lam nguyén
licu bién nap. Ty ¢ cam Gng tao ré to cia Ccac
gidng dau twong trong nghién ciru nay dat tir 90-
999%. Tuy nhién, hi¢u suat chuyén gen chi dat tir
30-60%. Tuong tu nhu vay, khi mam 5 ngay tudi
dugc sir dung trong bién nap gen gfp trong cong
bé cua Keyes va ddng tac gia (2009), ty 1¢ cam
ung tao re to chi dat 45%, trong do, so re to mang
va biéu hién gen chuyén chi dat khoang 55%.
Trong nghién cau nay, la mam dau tuong 3 ngay
tudi duoc ding lam nguyén li¢u bién nap gen,
toan bo phan cudng 14 mam duoc loai bo trudc
khi tao tén thuong va nhiém khuan. Hiéu qua
cam tGng tao ré to va ty 1& chuyén gen c6 bién
dong giira cac giéng dau trong nghién ctiru (Bang
2, Hinh 1). Ty I¢é chuyén gen cao nhat ma chiing
t6i thu duoc 1a 79,8% voi gibng BT26 khi sir
dung cau trdc mang gen gfp. Ty 1é cam ung tao
ré to ciing dat trén 90% véi gidng ddu twong nay.
Nhu véy, ciing giéng nhu cic nghién ciru trudc
day, ching t6i nhan thiy, yéu t6 gidng c6 anh
huéng truc tiép téi hiéu qua cam wng tao ré to va
chuyén gen. Bén canh do, tudi 14 mam ciing nhu
céch thirc chuan bi mau 14 mam khi lay nhiém
khuan ciing dong vai trd quan trong téi hiéu qua
chuyén gen thdng qua ré to trén dau tuong.

So véi phuong phap cam ung tao ré to trong
diéu kién in vivo & mot sb giéng dau tuong Viét
Nam trudc day ma nhom nghién ctru ching t6i da
thyc hién (Nhung et al., 2019) thi phuong phap
cam g tao ré to trong diéu kién in vitro cho két
qua biéu hién gen trong thoi gian ngan hon gitip
giam thiéu thoi glan va chi phi cho viéc kiém tra
hoat dong ciia cac cau tric chuyén gen. Ngoai ra,
cé4c ré to mang gen chuyén c6 thé dugc chon loc
t6t, duy tri va nhan 1én trong diéu kién in vitro 1am
nguyén liéu cho cac phan tich tiép theo.

Hoat ddng cia hé thdéng chinh sira gen
CRISPR/Cas9 trén ré to dau twong in vitro
Ching t6i tién hanh kiem tra hoat dong cua
hé thong chinh stra gen CRISPR/Cas9 vei 2 trir]h
tu RNA dinh huong (SgRNA) nham tao dot bien
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trén hai gen (GO3 va G19) md hoéa enzyme
galactinol synthase - enzyme tham gia vao qua
trinh sinh tong hop mot sb loai duong kho tiéu
oligosaccharides ho raffinose (raffinose family
oligosaccharides — RFOs) (Gangl et al., 2015).
Nguyén li¢u st dung trong bién nap 1a Ia mam 3
ngay tudi cua gidng dau twong DT26. Trong
nghién ctru nay, ching t6i da ghi nhan cac dong
re to thu dugc mang gen chuyén thong qua viéc
khuéch dai gen bing cac cap mdi dic hiéu cua
gen bar va gen Cas9 (Hinh 6). Cac dot bién xay
ra & cac dong ré to dau twong chuyén gen bang
K599/pFGC5941-Gal dugc ghi nhan théng qua
su Xuat hién cac bang sai 1éch kich thuéc trén gel
polyacrylamide 15% so véi mau ddi chang
khong mang gen chuyen (WT). Két qua dién di
cho thy, toan bo mau ré to nghién cuu xuit hién
cic biang vach DNA sai khéc so véi ré to khong
chuyén gen & ca hai gen quan tim (Hinh 7A). Dé
kiém tra dic diém cua cac dot bién, ching t6i lra
chon ngau nhién hai dong ré to s 3 va 4 dé tién
hanh giai trinh tu vang gen quan tam (Hinh 7).
Két qua cho thay cac dot bién mat doan khac
nhau dao dong tir -3 bp dén -25 bp trén ving dinh
huéng tao dot bién cua hai gen quan tam (Hinh
7B va 7C). Nhu vay, hé thdng chinh sira gen
CRISPR/Cas9 duoc thiét ké trong nghién ciu
nay da hoat dong tét véi hé théng cam tng ré to
trén gidng dau twong Viét Nam DT26 duoc
nghién ctu.

Hé thong CRISPR/Cas9 di duoc &p dung
thanh cong dé tao dot bién gen théng qua hé
thdng cam &g tao ré to trén dau twong trong cac
nghién trude day. Jacobs va dong tac gia (2015)
st dung hé théng nay dé tao dot bién gen ngoai
lai (gfp) 6 ré to trén gidng dau twong Jack va ghi
nhan ty 18 dot bién khoang 95%. Trong khi do,
Cai va dong tac gia (2015) da thanh cong trong
gay tao dot bién hai gen trong hé gen dau tuong
vai ty I€ chinh stra gen dao dong tir 1,3% tai 30%.
Trong nghién citu ndy, ciu trac CRISPR/Cas9 di
dugc thiét ké thanh cong dé dinh huéng tao dot
bién trén hai gen G03 va G19 trong h¢ gen dau
tuong. Toan bd mau ré to di dugc kiém tra déu
Xuét hién bang vach DNA sai khéac khi phan tich
dot bién thong qua dién di, khang dinh hiéu qua
chinh sira hé gen rat cao théng qua cam ng tao



Tap chi Céng nghé Sinh hoc 19(3): 459-470, 2021

ré to trén gidng dau tuong DT26. Pay 1a co so dé
chung téi trng dung cdng nghé chinh stra hé gen
A ]
Cac dong chuyén gen
N 1 2 3 4 5 P

CRISPR/Cas9 trong nghién ciru cai tao gidng
dau twong Viét Nam.
B )
Cac dong chuyén gen
2 3 4 5

P M

Hinh 6. San phadm khuéch dai béng cac c&p mdi dac hiéu dwoc dién di trén gel agarose 1,5% trong dém TAE
1X. (A) Sw c6 mét clia gen bar trong cac dong ré to; (B) Sw c6 mét cia gen ma héa protein Cas9 trong cac dong
ré to; N: dbi chirng am (ré to cdm (rng béi ching K599 khéng mang vector chuyén gen), 1-5: cac dong ré to
chuyén gen, P: d6i chirng dwong (plasmid pFGC5941-Gal), M: marker 1 kb ThermoScientific®.

A
G19

G03

WT 1

2 3 4

:;a

irwﬁ

WT 1

2 34 M

<+—3800 bp

<—700 bp

W
. ¢
e U(——son bp
B A
WT AAGACATGGAGTCACACCCCTCAGTACAAGGTGGGTTACTGCCAGCAATGCCCGGAGAAGGTGCGGTGGCCCACCGAATTGGGTCA
3.1  AAGACATGGAGTCACACC---- GCCAGCAATGCCCGGAGAAGGTGCGGTGGCCCACCGAATTGGGTCA  -22 bp
3.2  AAGACATGGAGTCACA. GCCAGCAATGCCCGGAGAAGGTGCGGTGGCCCACCGAATTGGGTCA  -24 bp
4.1  AAGACATGGAGTCACACCCC-———===-~, AGGTGGGTTACTGCCAGCAATGCCCGGAGAAGGTGCGGTGGCCCACCGAATTGGGTCA -8 bp
4.2  AAGACATGGAGTCACACCCCTCAGT---AGGTGGGTTACTGCCAGCAATGCCCGGAG-——~~ GCGGTGGCCCACCGAATTGGGTCA -3 bp/-5 bp
C A
WT AAGACATGGAGTCACACCCCTCAGTACAAGGTGGGGTACTGCCAGCAATGCCCGGAGAAGGTGCAGTGGCCCACCGAATTGGGCCAG
3.1  AAGACATGGAGTCACA--———======-, AGGTGGGGTACTGCCAGCAATGCCCGGAGAAGGTGCAGTGGCCCACCGAATTGGGCCAG -12 bp
4.1  AAGACATGGAGTCAC GCCAGCAATGCCCGGAGAAGGTGCAGTGGCCCACCGAATTGGGCCAG  -25 bp
4.2  AAGACATGGAGTCACACC---- GCCAGCAATGCCCGGAGAAGGTGCAGTGGCCCACCGAATTGGGCCAG  -22 bp

Hinh 7. Phan tich cac dét bién ghi nhan trén cac dong ré to dau twong chuyén gen. (A) San pham khuéch dai
gen G03 va G19 dwoc chay trén gel polyacrylamide 15% trong dém TBE 1X theo phwong phap bién tinh — hoi
tinh, cac bang sai l&ch kich thwéc chi xuat hién & cac dong chuyén gen (1-4) ma khéng xuét hién & cay khong
chuyén gen (WT) thé hién céac dong ré to mang dét bién, M: marker 1 kb ThermoScientific®; (B) Trinh tw gen
GO03 clia cac dong ré to chuyén gen tai vi tri chinh stra dich, cac dot bién mat doan nhé dwoc ghi nhan nam
gitra hai gRNA; (C) Trinh tw gen G19 clia c4c dong ré to' chuyén gen tai vj tri chinh stra dich.

KET LUAN

Hé théng cam tng tao ré to in vitro thdng qua
vi khuan Agrobacterium rhizogenes da duoc
hoan thién trén mot sé giéng dau tuong trong
nudc va nudc ngodi véi hidu suit cao. Ty 1& mau
tao ré to dao dong tir 61,67% dén 100% véi s6 ré
trung binh dat tir 18,32 r&/mau dén 38,32 ré&/mau.
Céc gidng dau twong Viét Nam cho thy hiéu qua

chuyén gen tot khi sir dung hé thong nudi cay ré
to in vitro. Biéu hién cua gen chuyén ciing nhu
hoat dong cua hé théng chinh sta gen
CRISPR/Cas9 di dugc kiém ching hiéu qua véi
phuong phap nudi cdy ré to in vitro. Hé théng
cam ang tao ré to nay sé dugc (ing dung trong
céc nghién ctiu chirc nang gen, thir nghiém cau
tric chuyén gen va chinh stra hé gen trén cy dau
tuong & nudc ta.
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DEVELOPMENT OF AN IN VITRO HAIRY ROOT INDUCTION SYSTEM IN
DIFFERENT SOYBEAN CULTIVARS FOR GENE EXPRESSION AND GENOME
EDITING STUDIES

Le Thi Nhu Thao'?3, Nguyen Hong Nhung?, Le Quang Huy?, Bui Phuong Thao?, Le Thu Ngoc?,
Pham Bich Ngoc!?, Chu Hoang Ha'?, Do Tien Phat?

YInstitute of Biotechnology, Vietnam Academy of Science and Technology
*Graduate University of Science and Technology, Vietnam Academy of Science and Technology
*Nam Bo Agriculture College

SUMMARY

Hairy root induction system has been widely applied for studies of gene function, gene
expression, and genome editing in numerous plant species. In this study, we developed and evaluated
the performance of an in vitro hairy root induction system via Agrobacterium rhizogenes on several
Vietnamese and international soybean cultivars. The efficacy of in vitro hairy root induction and of
transformation using this system was varied and depended on soybean cultivars as well as transgenic
constructs. The hairy root induction frequency of different soybean cultivars ranged from 61.67% to
100% after 5 days on culture medium. From 43.8% to 79.8% of hairy roots transformed with GFP-
expressing construct showed transgene expression, while that for the construct with the gus gene was
from 38.07% to 72.33%. Among tested soybean cultivars, DT26 demonstrated the highest
transformation and gene expression efficacy with both investigated vectors. This hairy root induction
system was further utilized for targeted knockout mutagenesis via CRISPR/Cas9 of two genes which
are G03 and G09 in the DT26 soybean cultivar. Successful mutagenesis in the regions of targeted
genes was confirmed by shifted and multiple bands compared to which of non-transgenic hairy root
in PAGE analysis. Sequencing results of targeted regions presented various nucleotide deletions
ranging between -3 bp and -25 bp in size in both two genes of interest. This study laid an important
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basis for future gene function studies and targeted gene editing investigations on soybean plants in
Vietnam.

Keywords: Agrobacterium rhizogenes, CRISPR/Cas9, soybean, gus, hairy root
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