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LOI CAM DOAN

Toi xin cam doan céc sb liéu, két ludn nghién ctru dugc trinh bay trong
ludn vin 13 hoan toan khach quan, trung thyc va chua ting dugc cong bé trong
bét ki cong trinh nao khac, ngoai mot s6 két qua ma nhom nghién ctiu ching
t6i dd cong bd. Nhing thong tin dugc trich din trong tai liéu tham khao da duoc
néu ré ngudn géc, néu cb sy khong trung thuc trong cac sb liu va két qua

nghién ctru clia luan van nay thi t6i xin chiu hoan toan trach nhiém.

Ha Noi, ngay 27 thang 5 nam 2024
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LOI CAM ON

Trong qua trinh thuc hién luan van, em dd nhén dugc sy quan tdm, gitip
d& clia cac thay gido huéng dan, cac co quan doan thé, ban bé ddng nghiép va
gia dinh. Vi 1ong biét on sdu séc, em xin duoc giri 161 cam on dén:

- Hai thay gido huéng dan khoa hoc 1a TS. B Tién Phdt va TS. Nguyén
Xudn Cuong da ludn tan tdm gitp d& chi bao va truyén day kién thirc, ki nang
nghién ctru khoa hoc cling nhu tao moi diéu kién tét nhit cho em trong qua
trinh thyc hién dé tai.

- Ban Lanh dao Vién Han 1am Khoa hoc va Cong nghé Viét Nam da
cép kinh phi dé thuc hién dé tai.

- Ban Lanh dao, phong Dao tao va cac phong chtic ning ctia Hoc vién
Khoa hoc va Cong nghé ciing céc thy co gido khoa Cong Nghé Sinh Hoc -
Hoc vién Khoa hoc Cong nghé - Vién Han 14m Khoa hoc va Cong nghé Viét
Nam da quan tdm, giup d& trong subt qua trinh em hoc tap va lam d@ tai.

- Sy hudng dan tan tinh cta ThS. Bui Phuwong Théo cing tat ca cic can
b6 nghién ctru cia phong Cong nghé té bao thuc vat - Vién Cong nghé Sinh
hoc - Vién Han lam Khoa hoc va Cong ngh¢ Viét Nam, dd quan tim gitp dd,
va tao diéu kién thuan lgi cho em trong qua trinh hoc tap va thyuc hién dé tai.

- Hoi ddng bao vé cac cép da nhiét tinh déng gop v kién dé em hoan
thién luén van.

- Ban Lénh dao truong THPT Chuyén Lao Cai noi em dang cong tic va
cac dong nghiép trong nha truong, trong t6 chuyén mon da luon dong vién,
tao diéu kién thuan lgi d& em c6 thé hoan thanh tét khod hoc.

- DBic biét, em xin dugc tri 4n siu sic dén gia dinh va ban bé di ludn
bén canh, khich 1¢, ddng vién dé em c6 thé an tdm hoan thanh luan vén.

Hoc vién thuc hién
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MO DAU
1. Li do chon dé tai

Puoc biét dén 1a loai cdy trong co gia tri dinh dudng va gia tri kinh té
cao, dau xanh (Vigna radiata (L.) Wilczek) so vi nhiéu loai cay ho dau khac,
la loai sinh truéng nhanh va dé dang cham soc. Hat dau xanh duogc su dung
trong thuc phém, déng tho1 con 1a mot nguén duoc liéu quy chira bénh cho con
ngudi voi nhidu tac dung nhu: thanh nhiét, giai doc, giam sung phu, ... Cac
san phﬁm phu nhu than, 14 cua cay dau xanh dugc sir dung lam nguén thirc an
cho céc loai gia stc. Trong ciy dau xanh khong chi mang lai hiéu qua vé kinh
té va dinh dudng ma con c6 tac dung cai tao dét vi bo ré cta cay dau xanh co
vi khuan cb dinh dam sdng cong sinh trong cac ndt san cia ré cay [1].

Hang ndm & nudc ta phai nhap khau mot luong dau xanh kha 16n dau
xanh chu yéu tir Campuchia va Trung Quédc do nhu cau rat 16n nguyén liéu nay
trong ché bién lwong thuc, thuc pham, nhung san luong d4u xanh trong nudc
khong dii dé dap tmg nhu cau tiéu thy hién nay. Dé phat trién cdy dau xanh, cac
huéng nghién ctru chinh hién nay 1a chon dugc gidng c6 san luong cao, khang
dugc sau bénh, kha nang chéng chiu v6i cac diéu kién bat loi tot. Bén canh céac
phuong phap lai tao truyén thong, st dung cac phuong phap chuyén gen va
chinh stra gen c6 thé tao ra cac gidng méi véi cac tinh trang mong mudn trong
thoi gian ngan. Do d6, cac phuong phép chuyén gen va chinh sira gen trén dau
xanh dang 1a huéng di méi va dang dugc cac nha khoa hoc trong va ngoai nudce
quan tam.

C6 nhiéu phuong phéap chuyén gen dang dugc ap dung trén cic giéng
cdy trong, trong d6 phuong phap chuyén gen qua vi khuan Agrobacterium
tumefaciens 1a phuong phap hiéu qua va dugc st dung phd bién trong cac
nghién ciru co ban va tao giéng cay trong hién nay. Phuong phéap nay it ton kém
va don gian, dé thuc hién hon so véi bién nap gen bang sung ban gen, xung

dién hay vi tiém dong thoi kha nang chuyén gen 6n dinh va cho hiéu qua cao.



Viéc thiét ké va kiém tra hoat dong ctia cac ciu triic dung trong bién nap
gen 1a mot trong cac budc rat quan trong dam bao cho nghién ctru chuyén gen
va chinh sira gen thanh cong. Thong thuong, chuyén gen qua vi khudn
A.tumefaciens 12 mot qua trinh thudng kéo dai, hiéu qua bién nap gen khong
cao va con chiu anh huong cia nhidu yéu t6 khac nhau. Do vay, nham giam
thiéu cac rii ro trong chuyén gen, trudc khi tién hanh bién nap 6n dinh céc ciu
trac d6 vao cac gidng va dong cay quan tim thi chung ta can phai kiém tra hoat
dong cua cau trac chuyén gen hay chinh sira gen.

Kiém tra hoat dong cua cdu truc chuyén gen hay chinh stra gen sir dung
hé théng cam ung ré to thong qua vi khuin Rhizobium rhizogenes (R.
rhizogenes) ¢ thoi gian tién hanh ngan hon, don gian hon, va hiéu qua hon so
v6i hé théng chuyén gen bén viing thong qua vi khudn A. tumefaciens. Vi vy,
hién nay hé thong nay dang duoc phat trién va ung dung phd bién trong kiém
tra hoat dong ciia cdu triic chuyén gen va chinh stra gen ¢ nhidu giéng cdy trong
khac nhau. Tuy nhién, cac nghién ctru nudi cdy ré to trén cdy dau xanh & Viét
Nam con chua dugc tiép can va phat trién.

V&i muyc dich nghién ciru thiét 1ap mot hé théng nhanh va hiéu qua trong
danh gia hoat dong cua cdu tric chuyén gen hay chinh sira hé gen trén cay dau
xanh, chung t6i tién hanh dé tai “Nghién ciru thiét 1ap hé thong cam ng va
chuyén gen vao ré to ciy ddu xanh (Vigna radiata (L.) Wilczek)” 1am co s&
cho cac (mg dung tiép theo ctia hé thong nay.

2. Muc dich nghién ciru

Khao nghiém va thiét 1ap hé thong cam mg tao ré to trén cdy dau xanh
thong qua vi khuan R. rhizogenes phuc vu cong tic kiém tra nhanh hoat dong
ctia cau tric chuyén gen, biéu hién gen & loai cay nay.

3. Noi dung nghién ciru
Noi dung 1: Thiét 1ap hé théng cam tng tao ré to va chuyén gen thong qua ré

to in vitro trén dau xanh.



Noi dung 2: Thiét 1ap hé théng cam ng tao ré to in vivo va danh gia hoat dong
ctia cau tric chuyén gen trén 1& to in vivo ciy ddu xanh.
4. Y nghia khoa hoc va thue tién cia dé tai
4.1. Y nghia khoa hoc

Thiét 1ap duoc phuong phap chuyén gen thong qua ré to trén dau xanh
nham phuc vu yéu cau danh gia nhanh hoat dong cua ciu tric mang gen chuyén
hay céc ciu trac chinh stra gen, va nghién ctru chitc nang gen ¢ r& ¢ dau xanh
trong cac nghién ctru tiép theo trén loai cay nay.
4.2.Y nghia thyc tién

Két qua nghién ciru tir khoa luan nay 1a budce khoi dau quan trong trong
tmg dyung k¥ thuat di truyén dé nghién ctru chirc ning gen, ciing nhu tao giéng
moi trén cac giong dau xanh Viét Nam. Hon thé, cic nhom nghién ctru khac c6
thé ap dung hé thng chuyén gen thong qua ré to duoc phat trién tir nghién ctru
nay nham nghién ctru trén cac gen trén ddu xanh hoic c6 thé 4p dung phuong
phap nay trén cac d6i twong khac nhau.
5. Nhirng dong gop cua luin van
- Hai ching vi khuan R. rhizogenes K599 va ATCC:15834 déu c6 kha ning
cam ng tao ré to trén ba giéng dau xanh Viét Nam.
- Vi khuan R. rhizogenes K599 phu hop cho chuyén gen va cam tng tao ré to
in-vitro trén mot s6 giéng dau xanh Viét Nam.
- Trong cac gidng dau xanh dugc thir nghiém, giéng dau xanh DX2 duoc xéac
dinh phu hop nhit cho cam tng tao ré to thong qua vi khuan R. rhizogenes &
ca trong diéu kién in vitro va in vivo.
- Pa xay dung va hoan thién quy trinh cdm Ung tao ré to in vivo trén dau xanh

thong qua vi khuan R. rhizogenes.



CHUONG 1: TONG QUAN

1.1. Cay dau xanh
1.1.1. Nguén géc va phan loai ddu xanh

Pau xanh (Vigna radiata (L.) Wilczek) con duge goi 1a d6 xanh 1a loai
cdy quan trong trong nén am thyc cta Viét Nam va cac nude chau A. Pau xanh
¢ s lugng nhiém sdc thé 2n =22, 1a loai cay than thao hang ndm thudc ho dau
[2]. Pau xanh dugc trong cach ddy 5-6 nghin nam, bat ngudn tir TAy Nam A.
O An D9, dau xanh di duoc tréng tir thoi xa xua cho dén nay van dugc tréng
voi sb lugng 16n. Ngoai An Do thi Pakistan, Afghanistan, Iran, Mién bién,
Trung Quéc, Viét Nam, Nhat Ban, cac nudc chau Phi, cac nudc Nam My, Uc

cling la cac nudc dau xanh dugce trong va1 mot dién tich 16n [3].
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Hinh 1.1 Cay dau xanh (Vigna radiata (L.) [4]

Cay dau xanh thudc chi Vigna, gdm 7 chi phu 1a: Ceratotropic,
Lasionspron, Sigmoidotrotopis, Vigna, Haydonia, Plectropic, Macrohynchus,
day la mot trong nhitng chi 16n ctia ho dau. Thude ho Fabaceae, b Fabales, 16p
Magnoliopsida, nganh Magnoliopyta. D4u xanh gieo lay hat ctia Viét Nam bao
gdm céc gidng trong hai chi phu 1 Vigna va Ceratotropic. Nhom dau chau A
thudc chi phu Ceratotropic mang nhimg dic diém dic trung dién hinh cho
Vigna [5].

1.1.2. Pic diém thwe vit hoc cdy diu xanh

Pau xanh 14 cdy sinh trudng ngin ngay, toc d6 sinh truong nhanh, chu

ky sinh trudng ngan, khoang 60 - 90 ngay, dong thoi, yéu cau k¥ thuat cham

soc rat don gidn nén co6 thé dugc trong xen canh, luan canh nhiéu vu trong mot



nam va trong trén nhiéu loai dat khac nhau. Pau xanh cao khodng 60—76 cm,
1a loai cdy than thao, thin moc ding va phan nhanh nhiéu [6]. L4 kép moc céch,
c6 ba 1a chét, co 16ng & ca 2 mit 14, & phan ngon cua cy cd cac cum gom 12—
15 14 va sau d6 nhitng 14 nay s& phat trién thanh nhitng qua hinh tru nhé. Hoa
c6 mau vang luc va n¢ & nach 14, qua c6 dang hinh try, manh va c6 long, cac
hat nam trong vé qua nho va gan nhu c6 dang hinh cau. Hat dau xanh c6 3 thanh
phan chinh 14 vé hat, 14 mam va phai lan lugt chiém 12,1%, 85,6% va 2,3%
toan b hat. Trong d6 vo hat 13 16p vo boc bén ngoai nham bao vé phoi bén
trong [7]. Khi bat dau hinh thanh, hoa c¢6 mau xanh tim va dang hinh canh
budm, sau khi né c6 mau vang. Trén cac truc c6 hoa ludng tinh moc thanh
chtim va c6 thé phat trién thanh hai hang hoa xép lién tuc moc ddi nhau [5].

Khi chin, qua dau xanh c6 mau den hoac vang nau, trén vo qua dugc bao
phtt mot 16p 16ng min. Cé trung binh khodng 20 - 30 qua trén mdi ciy, moi qua
c6 khoang 5 — 10 hat [8]. Hat co nhiéu hinh dang khéac nhau nhu hinh ovan,
tron, try, thoi, tam gidc. V6 hat mau xanh md, xanh luc, xanh tdi hodc vang
rom. Rudt ¢c6 mau tring, vang hay xanh nhat [9]. Phoi 1a phan phat trién thanh
cdy non khi hat nay mam, chiém khoang 3% khdi lugng toan hat; bén trong ctia
phéi c6 2 14 mam gdém 2 phan chinh 12 chdéi mam va r& mam, n6 chiém khoang
90% khdi luong hat.

Pau xanh c6 1& coc gdbm maot ré chinh an sau khoang 20 - 30 cm, c6 thé
sau toi 70 - 100 cm va céc ré phu gdm khoang tir 30 - 40 r&, dai khoang 20 - 25
cm [10]. Céac ndt san chua cac vi khuan Rhizobium sdng cong sinh trong ndt
san & ré cay ho dau c6 kha ning ¢ dinh nito khi quyén dé cung cap mdt phan
dam cho cay va tao ra trong dat mot luong dam dang ké sau khi thu hoach. Do
vy sau khi trong dau xanh thi dat canh tac s& trd nén toi xdp va giau dinh
dudng hon [11]. Cac nbt san thuong c6 duong kinh khoang 4 - 5 mm, mau hong
hodc do, c6 kha nang ¢ dinh nito. D4t tré nén toi x6p hon vi hang naim mdi
vu, trung binh mdt hecta dau xanh c6 thé bu lai cho dat khoang 85 - 107 kg nito
[2].



1.1.3. Tam quan trong ciia cdy ddu xanh

Sau dau tuong va lac, dau xanh 1a loai cay tréng ding thtr ba vé gia tri
kinh té. Hat dau xanh 1a loai thuc phﬁm giau dinh dudng chira tir 24 - 28% dam,
khoang 1,3% lipit, glucid 60,2% cing nhiéu loai chat khoang nhu Ca, Fe, Na,
K, P va céc vitamin B1, B2, C tan trong nudc [5]. Trén 100 g mau dau xanh
nguyén hat véi ham lugng protein cao (22,9 g), chat béo (1,2 g), carbohydrate
téng sd (61,8 g), chat xo thd (4,4 g), va tro (3,5 g) [12]. P4u xanh ngudn cung
cap doi dao loai protein d& tiéu hoa va phu hop cho tré dang dudng bénh hoic
ngudi bi suy dinh dudng. Céc chat dinh dudng duoc phan bd khong dong déu
O cac thanh phén chinh nhu vo hat, 14 mam, phoi cua hat dau xanh, mat khéc
chat xo tho va tinh bot tap trung nhiéu 1an luot & vo hat va 1a mam.

Nhiéu loai axit amin khong thay thé c6 nhiéu trong protein ctia hat dau
xanh nhu leucine, methionine, valine, isoleucine, lysine, ... Ngoai ra, cac bd
phan khac ctia cdy nhu 14 non, ngon va than c6 thé dugc dung dé 1am rau, mubi
dua, lam thirc an cho hoac nghién nho thanh bt thirc an dy trir cho gia suc [5].
C6 rat nhidu san pham gia tri tir du xanh trén thi trudng cling nhu & cac ho gia
dinh, dac biét 1a cac san phﬁm giau protein, chira chét chéng oxy hoa, khong
chtra gluten, it chat béo va giam chi s6 duong huyét (GI) [13]. Hat dau xanh c6
vi ngot, tinh mat nén c6 gia tri trong y hoc voi tac dung thanh nhiét, giai doc,
.. Cac nghién ctru cho thay c6 thé diéu chinh duoc hé vi khuan duong tiéu hoa
néu duy tri thuong xuyén ché d6 an giau dau xanh, ngoai ra con lam giam sy
hép thu cac chat doc hai, tir d6 gidm cac tri¢u chung roi loan mach vanh va cac
nguyén nhan ung thu khac nhau [14].

1.1.4. Tinh hinh sin xudt cdy ddu xanh trén thé gidi va é Viét Nam

Pau xanh 12 mot trong nhirng nhoém cy trong dong vai trd quan trong
trong viéc giai quyét van dé an ninh dinh dudng trén toan thé gioi.

Do nhu cau cua con ngudi vé dinh dudng protein thuc vét ting nhanh
trong nhitng nim gan dy da lam thic day viéc san xuat dau xanh phat trién

manh. Trén thé giéi, tinh hinh san xuat dau xanh ngay mat gia tang [15].



Theo FAOSTAT 2016, gan mdt nira san luong dau xanh trén thé gisi
duoc san xuit & chau A, dau xanh dang duoc tréng trén khép thé gid1 va dac
biét An Do 1a nude san xuat dau xanh 16n nhat véi hon 29 triéu ha . Hon 3 triéu
tAn dau xanh duogc san xuét trén thé giéi mdi nam, trong d6 An Do déng gop
vao phén 16n dau xanh trén thi truong thé gid1 voit san lugng 1,9 triéu tan, voi
42% dién tich va 39% san lugng vuot troi so voi téng san lugng dau xanh toan
cau [16]. Pung thi hai 12 Trung Qudc véi 0,98 triéu tan va Myanmar 0.4 triéu
tan, Indonesia 14 0,3 triéu tin, Thai Lan 0,21 triéu tin, va Pakistan 0,199 triéu
tan. Trong do, Trung Quédc duoc xem 13 qudc gia xuat khau dau xanh 16n nhat
thé gisi[17].

O nudc ta, dau xanh dugc gieo trong phd bién & nhiéu dia phuong trén
ca nude chii yéu nham dap tmg nhu ciu tiéu dung ctia nguoi dan hang ngay nhu
lam gia dd, banh dau xanh, .... Do nhu ciu st dung nén dau xanh hién dang co
xu hudng gia ting vé dién tich va san luong. Mic du vay tip doan giéng dau
xanh ctia Viét Nam van con nhiéu han ché va nang suét chua cao. Do vay, can
phai c6 cac phuong phép lai tao, ap dung k¥ thuat di truyén dé dat duoc két qua
t6t, nham tao ra cac gidng mai nang cao ning sudt va chat luong, dong thoi co
thé chiu dugc cac diéu kién mai truong khic nghiét [15].

1.2. Vi khuan Rhizobium rhizogenes
1.2.1. Phan logi
Riker va cong su nam 1930 lan dau tién dinh danh vi khuan Rhizobium
rhizogenes voi vi tri phan loai nhu sau [18]:
Gi161: Bacteria
Nganh: Proteobacteria
Lop: Alpha Proteobacteria
B0: Rhizobiales

Ho: Rhizobiaceae

Chi: Agrobacterium Hinh 1.2. Vi khuén R. rhizogenes

(http://commtechlab.msu.edu)



1.2.2. Gidi thiéu vé Rhizobium rhizognenes

Rhizobium rhizogenes (trudc day dugce goi la Agrobacterium rhizogenes)
lavi khuan gy bénh trén thyc vat véi triéu chiung hinh thanh ré to hodc bénh
kham ré. R. rhizogenes 1a mot loai vi khuan gram am, séng trong dat, dang
hinh que, c6 kha nang di dong nho 1- 6 tién mao, khong sinh bao ttr, thudc chi
Agrobacterium [19, 20, 21, 22, 23]. R. rhizogenes cb quan hé rat gan voi A.
tumefaciens 1a tac nhan gay khdi u san trén cay [24, 25].

T4t ca cac chung A. rhizogenes dugc dic trung boi su xuét hién cua mot
plasmid cam tng 1& 16n (Ri) can thiét cho su hinh thanh r& to, no chira ving
DNA “16i” duoc bao ton cao [26]. Twong ty nhu bénh u san do A. tumefaciens
gay ra [27, 28] thi vi khuan R. rhizogenes giy ra bénh ré to ¢ cdy bi nhiém bénh
thong qua bién ddi gen [29, 30].

R. rhizogenes séng gan 1& cdy va gdy ra bénh trén cay ky chi bi né xam
nhap, goi 13 “hoi ching 1& to”. Hoi chimg ndy bao gdm cac ré phat trién khong
hudng dat va sinh truéng manh mé xung quanh vi tri 1ay nhiém [31].

Céc hiéu biét co ban vé co ché phan tir cia qua trinh bién nap gen thyc vt
boi nhitng loai cta chi Agrobacterium hién nay déu chu yéu dya trén cac
nghién ctru md rong s dung A. tumefaciens. Qué trinh 1ay nhiém duoc
xem nhu 13 twong tu nhau trong ca 2 loai. R. rhizogenes 1y nhiém vao té bao
thuc vat & vi tri vét thuong do R. rhizogenes bi thu hut bai hop chat phenol
duoc tiét ra tir nhimng té bao bi ton thuong. Ri plasmid ctia R. rhizogenes s& xam
nhdp vao té bao thuc vat va mot doan nho cua Ri plasmid 1a T-DNA s& duogc
chuyén va gén vao by gen cua té bao thuc vat. Theo cach nay T-DNA duoc
duy tri 6n dinh trong té bao thuc vat. T vung bi nhiém sé tao ra nhirng 1é
nhanh bét thudng goi 1a 1& to. Nhitng ré nay c6 dic diém 1a phat trién va phan
nhanh nhiéu, ting trudng nhanh [32].

Mot dic tinh quan trong cua ré to 1a mic du trong diéu kién khong c6 cac
yéu td kich thich ting truong thi ching van c6 kha niang phat trién in vitro,

nhiing dic tinh ndy lam cho ré to trd thanh mot cong cu dugc s dung phd bién



trong viéc san xuat nhitng hgp chat thur cap, khao sat chirc nang gen, va nghién
ctru sinh hoc ré noéi chung.

rolA rolB rolC rolD mas) igaH iaald
LB TL  ORF10 ORF11 ORF12 ORF15(mas2' &%) / Tp gp
T m N N Emmm IR | W B

Ri Plasmid
vir
Region Opine
Catabohsm
R ‘ Lk

N ort it
\;::; _ ,;f,
Hinh 1.3. Ciu trac ctia vong Ri-plasmids ¢ vi khuan A. rhizogenes [32].

Ri plasmid trong tat ca cac chung R. rhizogenes c6 mdt ving duoc goi 1a
T-DNA mang cac gen (rol-genes) lién quan dén su khoi dau va phat trién cua
ré cling nhu cac gen can thiét cho qué trinh sinh tong hop opine [33,34]. T-
DNA tao thanh mot vung nhé (khoang 200 kb) ctia plasmid Ti/Ri c6 lién quan
dén cac chirc ning khong chi lién hop plasmid Ti/Ri, tong hop va di hoa opine
ma con khoi tao, chuyén giao va tich hop T-DNA. Mic du T-DNA chta cac
gen c¢6 ngudn gdc vi khuan, nhitng gen nay c6 trinh tu diéu hoa nhan thuc cho
phép chiing biéu hién trong té bao thuc vat bi nhidm bénh. Sau khi tich hop T-
DNA vao DNA b0 gen cua té bao thuc vat, T-DNA biéu hién cac enzyme diéu
hoa qua trinh tong hop cac dan xuat dudng axit amin bat thuong dugc goi 1a
opine, dugc Agrobacteria st dung 1am ngudn dinh dudng [22, 25].

Co6 it nhét hai loai opine dugc tao ra bdi chung R. rhizogenes. Mot loai

dugc dai dién bé1 nhoém agropine, va loai con lai 1a nhom agrocinopine.
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Hau hét cac ching R. rhizogenes déu c6 kha ning san xudt loai
agrocinopine va mot s6 ching san xuat loai agropine. Céc opine dang agropin
bao gdm agropin, mannopin, axit agropinic va axit man-nopinic [35,36].

Céc chung R. rhizogenes phd bién nhat dugc dai dién boi cac plasmid Ri
la loai agropine: pRiA4, pRil855, pRiHRI, pRi15834 va pRiLBA9402, loai
manno-pine: pRi8196, loai cucumopine: pRi2659 va pRi1724 loai mikimopine.
Mic du mikimopine va cucumopine 13 cac dong phan 1ap thé, nhung khéng c6
su twong dong gitra cac gen sinh tong hop opine ¢ cip d6 nucleotide [37, 38].
Céc ching K47, K599 va HRI 1a nhitng ching siéu doc luc trong sb cac ching
R. rhizogenes khac nhau da biét, chung c6 kha ning lay nhiém trén nhiéu loai
vat chu thyc vat khac nhau. Nhitng nghién ctru vé cac yéu td doc luc cta cac
chung nay can duoc thuc hién nhiéu hon dé hiéu rd lidu ching nam trén cac
nhiém sic thé hay plasmid hodc ca hai [36, 39, 40].

1.2.3. Gidi thiéu vé co ché tao ré to va hé thong nuéi cdy ré to thuwe vit

R& to 1a mot bénh & thyc vat duoc tao ra do qua trinh twong tac giita té bao
vat chi v6i vi khuén R. rhizogenes v&i trigu chung dién hinh 12 sy hinh thanh
mot khoi u ré xay ra do mdt ) luong 16n ré nho nho ra dudi dang 16ng min truc
tiép tir vi tri nhidm khuan [41].

San phém tao ra co thé loai bo duge du lugng cac chit diéu hoa sinh trudng
vi trong méi trudong khong can bd sung cac chat nay thi ré to van co thé sinh
truong va phat trién tot. Khong nhirng vay, hé théng nudi cdy ré to thue vt con
c6 vai tro rit quan trong trong dy chuyén san xuit cac chat thir cip hay cac
dugc pham sinh hoc tai t6 hop vi k¥ thuat nudi cdy va chuyén gen dé dang, ré
to phan nhanh nhiéu, kha nang sinh truéng manh va co thé dugc nudi céy tao
sinh khdi lién tuc. Ngoai ra c4c cay bi bénh 1é to con ¢6 dic diém 1a giam kha
nang sinh san, long & moc nhiéu, ra hoa bat thuong, ra hoa sém, tdng $6 lugng
hoa, cac dot ngén, muc do phan nhanh cao, 14 nhdn nheo, gidam uu thé ngon,
nang cao toc do ting truong va thay ddi tich lily chat chuyén hoa thtr cap [42,

43].
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O nhitng vi tri thuc vat bi vét thuong, cac hop chit phenolic duoc giai
phong da hip dan ddi voi R. rhizogenes, ching di chuyén vé phia cac vi tri bi
thuong bang héa huéng dong va 1ay nhiém vao té bao thuc vat. Sau do tai vi
tri vét thuong, mot doan DNA cu thé (T- DNA) tir plasmid (Ri) cam tng ré (Ri)
ctia vi khuan [44] duoc chuyén sang té bao thuc vat dan dén sy rdi loan céc
chét sinh trudng ndi sinh, tao ra 1é to.

Co ché hinh thanh ré to:

Nhu da trinh bay & trén, gidng nhu Ti-plasmid & vi khuan R. tumefaciens,
Ri-plasmid & vi khuan R. rhizogenes 1a phan tir DNA mach vong, soi kép c6
kich thudc phan tir 16n tir 200-800 kbp, chira ving T-DNA don. T-DNA cua
Ri-plasmid duoc tich hop mot cach ngau nhién vao trong bd gen cia cay chi
va biéu hién dudi dang phan tir mRNA. Mdi chung vi khuan Rhizobium déu chi
mang mot ban sao duy nhat Ri-plasmid c6 kich thudc 16n. Phan T-DNA cua
Ri-plasmid c6 chtra cac gen twong ddng véi cac gen trén T-DNA cua Ti-
plasmid gay khi u trén vi khuan R. tumefaciens.

Khi bi ton thuong, té bao thuc vat tiét ra cac polyphenol hip dan céc vi
khuan, tai day chung chuyén mot doan T-DNA (transfer DNA) tir plasmid Ri
vao hé gen cia té bao vat chi. Cac gen ma hoa trén T-DNA c¢6 ngudn gdc tir vi
khuan nhung cé cac trinh tir diéu khién cua té bao nhan chuan giup cho viéc
biéu hién & cac té bao chu bi ldy nhiém. Cac gen nay ma hoa cho cac thanh
phan chirc niang tham gia trong qua trinh sinh tong hop auxin. Ngoai chung
cling tham gia vao viéc tong hop cac hop chét kich thich phan chia caa té bao
dé hinh thanh ré to dudi anh huéng ciia auxin noi sinh.

Su biéu hién dong thoi clia cic gen rolA, rolB va rolC giy nén su xut
hién 1& to & mé té bao thuc vat bi 1ay nhiém, trong d6 rolB déng vai trd quan
trong hon ca, rolA va rolC hoat dong b trg thic ddy sy hinh thanh va phat trién
ctia 1& to. Cac ré to nay c6 kha nang sinh trudng va phat trién nhanh hon rat

nhiéu so véi ré binh thuong.
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O hau hét cac loai thuc vat hai 14 mam va mot s6 it cac loai thuc vat mot
14 mam, ching R. rhizogenes c6 kha nang xdm nhiém qua vét thuong. Két qua
dan dén su hinh thanh ré to tai chd hodc xung quanh vi tri mé bi ton thuong.
Trong cong tac chuyén gen, ngudi ta thiét ké lai T-DNA cua Ri-plasmid véi
cac gen quan tAm va sir dung trong chuyén gen. Ngoai ra, cac ré to tao duoc co
thé vira mang T-DNA ciia Ri-plasmid va ca T-DNA ciia cac vector nhi thé khac
néu ching dugc déng bién nap vao té bao chi. Vi mdi ré to tao ra dugc xem
nhu mot dong chuyén gen doc 14p nén c6 thé thu dugc sé lugng 10n gen chuyén
trong mot khoang thoi gian ngan.

Céc nghién ciru so sanh cho thdy mirc d6 tuong ddng cao giira cac plasmid
Ri va Ti, c6 nhitng viing dugc bao ton giita hai loai plasmid. Didu nay cho thay
cac co ché chung nhu kich hoat, xir Iy va di chuyén T-DNA tir vi khuan dén té
bao thuc vat dugc duy tri rat 1au. Mot doan trong cé hai plasmid Ri va Ti dugc
goi 1a T-DNA bao gdm cac doan lip truc tiép 24-bp twong dong cao dugc goi
1a cac chudi bién [45]. Trong qué trinh nhiém Agrobacteria, T-DNA dugc
chuyén tir vi khuan sang té bao thuc vat [24]. T-DNA kiéu hoang dai da ma hoa
cac gen gy bénh va gen di hoa opine, gdy ra su phat trién méi cta cac mo va
san xudt opine [46, 47]. Ngoai ra, mot doan khac duoc goi 13 viung doc luc (vir)
trong Ti- plasmid c6 li€n quan dén viéc chuyén DNA vao bd gen thyc vat [48].
Ré to c6 kha nang phat trién trong diéu kién khong c6 hormone thuc vat ngoai
sinh trén té bao thue vat do co sy hién dién cua T-DNA [49].

Céc co ché phan tir lién quan dén qu4 trinh hinh thanh 1& to con chwa duoc
nghién ctru day du. Mic du vay, chuyén gen dé hinh thanh nén céc ré to 1a mot
qua trinh gdm nam giai doan co ban nhu sau [50]:

(a) Cac hop chat phenolic thu hat Rhizobium, ching han nhu
acetosyringone dugc cdy giai phong sau khi b ton thuong, tir d6 kich hoat su
gan két ctia vi khudn voi té bao ré.

(b) Bén trong té bao vi khuén, T-DNA duoc kich hoat va hinh thanh phtrc

hop gitra sg1 T v6i nhitng protein lién quan (phuce hop T).
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(¢) Phtrc hop T dugc chuyén tir vi khuan sang bo gen ciia té bao thuc vat.

(d) Tich hop T-DNA vao bo gen thuc vét va T-ADN dugc biéu hién.

(e) Tai noi 1y nhidm & to bit dau xut hién.
1.2.4. Phwong phdp chuyén gen tao ré to

Vé nguyén tac, dé tao ré to & thuc vt thi can c6 su tiép xuc gifra vi khuan
R. rhizogenes va mo té bao thuc vat bi ton thuong. Cac bg phan cua thuc vat
nhu 14, chéi dinh, cudng hoa, tru dudi 14 mam, gan 14, dinh choi, té bao tran ré
dur trit/ct, 14 mam déu co thé bi 1ay nhiém khuan va cam tmg dé tao 1& to [51].
Tuy nhién, ban chit loai, dic tinh vat liéu bién nap va tudi vat liéu bién nap 1a
yéu t6 quan trong anh hudng t6i hidu qua cam ung ré to. VAt liéu mé non, chua
biét hoa thuong thich hgp nhat cam tng hinh thanh ré to v4i hidu suat cao.
Trong phuong phap tao 1& in-vitro, mau thyc vat duoc 1am ton thuong va

d6ng nudi cay hay t v6i vi khuan R. rhizogenes dé cam tng hinh thanh ré to.
Sau thoi gian ddng nudi cdy 2-3 ngay, mau thuc vat dugce chuyén 1én moi trudng
dic c6 cac loai khang sinh phu hop véi ndng do dao dong tir 100-500 pg/ml dé
diét va loai bo vi khuin con sot lai nhu: tetracycline hoac streptomycin,
ampicillin, claforan, cefotaxime, carbecillin, vancomycin [52]. Trong mot
khoéang thoi gian ngin, thudng dao dong trong khoang tir 1 tuan dén mot thang
tuy vao cac loai thyc vat khac nhau, 1é to s& dugc cam ung. Hon thé, mdi ré to
tao ra c6 thé thu duoc s lwong 16n dong chuyén gen trong khoang thoi gian
ngan vi duge xem nhu mot dong chuyén gen doc 1ap [53].
1.2.5. U’ng dung va cdc thanh twu cua hé théng nuoi cd’y ré to thwe vit
Vi 1& to do R. rhizogenes gy ra c6 thé phat trién in vitro ma khong can chét
diéu hoa sinh truong thuc vat ngoai sinh nén bang viéc st dung cac chung R.
rhizogenes trong nudi cdy in vitro cac co quan thuc vit, cic co quan phat trién
nhanh voi kha ning tao ra su phan nhanh nhiéu va tao ra luong 16n cac chat
chuyén hoa cao hon cay me hoic cac chat chuyén hoa méi ma khong phat hién
dugc ¢ cay me hay trong cac loai nudi cay in vitro khac [54]. Do vy, ré to da

dugc ap dung trong nhiéu nghién ctru co ban veé sinh hoa thuc vat, sinh hoc
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phan tir va sinh 1y hoc va nong nghiép. Nudi ciy ré to da dugc st dung phd
bién trong nghién ctru nét san & 1, san xuét hat giéng nhéan tao, chat chuyén
hoa tht cap va protein thyuc vat, nhan gidng cdy trong va cai tién ciy trong, hé
thdng thi nghiém dé nghién ciru phan tng v6i hoa chét, hinh thai hoc thuc vat
va phat trién, giai doc cac chat 6 nhiém méi trudng, xac nhan va phan tich chirc
ning cua cac gen tao ra kha niang khang cic mam bénh cu thé & ré va nghién
clru su twong tac voi cac sinh vat khac nhu tuyén trung, nim ré cong sinh va
mam bénh & r&. Ngoai ra, viéc ting cudng kha ning ra ré & cay giup cdy ting
kha ning sdng sét sau nhitng stress cdy ghép hodc phi sinh hoc nhu han han,
nhiém min va nhiém kim loai ning [55].

Do kha nang san xuét on dinh dugc mot lugng 16n sinh khdi sach trong
thoi gian ngan, dong thoi khic phuc duge nhitng han ché ctia phuwong phap nudi
trong truyén thong nén nudi ciy 1é in vitro 1a mot giai phap thay thé dé thu nhan
hoat chat thir cap tir thuc vat day tiém nang [56]. Bén canh do, viéc bo sung cac
chat kich hoat (elicitor) trong nuéi cdy ré in vitro da gitp tang ddng ké kha ning
tich liiy cac hop chét thir cp trong qua trinh nhin nhanh sinh khéi ré; dong
thoi con gitip tdi uvu héa qué trinh chiét xuat hoat chat muc tiéu, ...

Viéc bo sung cac chit kich hoat trong nudi cay ré in vitro da gitp gia
tang cac hop chat thir cip duoc tich lily trong qué trinh nhan nhanh sinh khéi
ré. Déng tho1i, qua trinh chiét xuét hoat chat muc tiéu con duge tdi wu hda nho
nudi cay ré in vitro [57].

Céac san pham tai to hop c6 kha ning duoc san xuat mot cach nhanh
chong va san lugng cao nho céc ré to in vitro. Diac biét, viéc biéu hién duogc
pham sinh hoc tai t6 hop ra ngoai méi trudng nudi cay trong hé théng nudi cay
long cac mo té bao thuc vat da gilp qua trinh tinh sach cac dugc phém sinh hoc
nay don gian hon rat nhiéu. Trong nhitng nam gan ddy, ré to in vivo ciing dugc
duoc tmg dung trong nghién ctru chitc ning gen & ré, kiém tra nhanh chic ning

gen va irng dung trong danh gia hoat dong cua cau tric chuyén gen & nhiéu doi
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tuong thyc vat khac nhau [58]. Do d6, nghién clru tao ré to da dugc ung dung
phd bién trong cac nghién ciru tng dung va nghién ctru co ban hién nay.

Do nhu cau cua con nguoi vé céac loai duoc liéu cham soc stc khoe va
lam dep c6 ngudn gdc tir tw nhién ngdy cang nhiéu di din dén viéc khai thac
qua muc cac nguén duoc liéu ngoai ty nhién. Diéu nay dan dén nhiéu loai dugc
liéu quy dung trude nguy co bi de doa tuyét ching. Nudi cdy ré to ¢6 tinh 6n
dinh di truyén, sinh héa, toc do sinh trudng nhanh va kha niang tong hop cac
hop chét ty nhién & mirc twong duong so véi cdy con nguyén ven. Do dé, nudi
cdy ré to cta cay thudc dudng nhu 1a mot hé thdng hitu ich cho viéc san xuat
cac hop chét co hoat tinh sinh hoc cao.

Tai Viét Nam, phuong phap nudi cdy ré to nham chiét xuat cac hop chat
quy hiém d3 duoc ap dung trén cac loai dugc li¢u nhu dinh lang, cat canh, sam
ngoc linh... K¥ thuat nudi cay ré to hién dang 1a mot trong nhimng ki thuat tién
tién nhat, c6 kha ning cung cip ngudn nguyén liéu sach mot cach chu dong va
nhanh chéng, dugc st dung phd bién trong san xuat duoc phdm, my pham va
thuc phém tai cac nudc phat trién nhu MY, Phap, Han Qudc, ...

1.2.6. Nghién cvru tao ré to trén cay ho dau

Viéc nghién ctru cai tao gidng ciy trong bang tng dung cong nghé sinh
hoc trong dd dem lai nhiéu thanh cong trén céc loai ddi twong cy trong khac
nhau nhu cay dau trong, dau phong [59]. Nhitng gidng dau twong méi co kha
nang khang sau bénh hai va céc loai thude diét co, chéng chiu dugc nhitng diéu
kién bat lgi cia mdi trudng nhu han han, ngap Gng va c6 ning suit cao, chét
luong hat t6t ... di duoc tao ra bang phuong phap st dung vi khuan A.
tumefaciens trong chuyén gen [60 - 64].

Cam Ung tao ré to bang st dung vi khuan R. rhizogenes da duoc thuc
hién thanh cong trén nhom cay ho dau, & cac déi tuong khac nhau nhu dau
trong, medicago, ddu phong... va dugc ung dung trong danh gia cu tric gen
CRISPR/Cas9 va nghién ctru chirc nang gen & cac loai cy nay [58]. Hién nay,

d3 phat trién cong nghé chinh stra hé gen thong qua hé théng CRISPR/Cas9
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mang lai nhiéu vu diém va chimg minh duoc nhitng tiém ning 16n cua cong
nghé nay trong chon tao cac gidng cdy trong [65, 66]. Cong nghé ndy da cho
thdy nhitng trién vong va thanh cong budc dau vi mot sé gidng dau twong nhat
dinh [67 - 70].

Dau xanh, Vigna radiata (L.) R. Wilczek 13 1oai cAy quan trong trong nén
am thyuc cua Viét Nam va cac nude chau A. Tai céc quéc gia nay, dau xanh
dugc str dung dé san xuit gia dd, mién va céc loai banh khac nhau. Mic du 1a
loai cdy thuc phidm quan trong cho ving chau A va ving nhiét d6i, cac nghién
ctru va tmg dung cac phuong phap ki thut gen nham cai thién giéng trén loai
cdy ndy con rat han ché. Hon thé, hién chwa c6 nghién ctru hoan chinh vé thiét
1ap phuong phap chuyén gen thong qua ré to nham danh gia nhanh hiéu qua
ctia vector chuyén gen hay nghién ctru chirc ning gen & ré cay ddu xanh. Do
d6, dé tai “Nghién ciru thiét 1ap hé thong cam vng va chuyén gen vio ré to
cay dau xanh (Vigna radiata (L.) Wilczek)” dugc thyc hién nham 1am co s&
cho cac nghién ctru co ban va ing dung cong nghé sinh hoc trén loai cdy trong

nay.
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CHUONG 2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Vat liéu nghién ciru

Céc gidng dau xanh, bao gdm DX1, DX2 va DX3 dugc cung cip bai
Trung tam Nghién ctru va phat trién Dbau dd, Vién cay luong thuc, thuc phém.

Hai chung vi khuan R. rhizogenes ATCC15834 va K599 hoang dai va
mang vector pZY 102 (Addgene Cat:73933) c6 mang gen chi thi GUS dugc
cung cép tir phong Cong nghé té bao thuc vat, Vién Cong nghé sinh hoc - Vién
Han 1am Khoa hoc va Cong nghé Viét Nam. Vi khuin tao ndét san
Bradyrhizobium japonicum USDA110 dugc nhan tor phong thi nghiém cua
Gary Stacey, Dai hoc Missouri - Columbia, Hoa Ky.

2.2. Phwong phap nghién ciru
2.2.1. Chudn bj vit liéu cho bién nap
- Chudn bi nguyén liéu thuc vit:

DPoi véi thi nghiém cam ving ré to in vitro: Hat dau xanh kich thudc dong
déu, bé mit sach, khong ton thuong duoc khir tring trong 14 - 16 gid bang khi
chlorine (st dung 100 ml Javen va 4 ml HCI) trong tu hut vo trung. Sau do, hat
dugc gieo trén méi trudng GM (Bang phu luc 1) sao cho phan rén hat quay
xubng méi truong va dit dudi didu kién chiéu sang 16 gid sang/8 gio téi &
24°C. Hat nay mam sau 18 -20 gid duoc st dung 1am nguyén liéu chuyén gen
[71].

DPoi véi thi nghiém cam iing ré to in vivo: Céc hat giébng dau xanh duoc
khir tring bang cdn 70% trong 1 phit, tiép theo khir tring bang Javen 20%
trong 10 phut, rira sach bang nudc cit vo trung 3 1an. Hat sau khi khir tring s&
dugc nay mam trén gia thé da khu tring chira perlite : vermiculite voi ti 18 1:1
duogc tudi v6i dung dich dinh dudng BD [28] (Bang phu luc 1) ¢6 bd sung ImM
KNOj; va nudi trong budng sinh truong véi nhiét do 26-28°C, thoi gian chiéu
sang 16 gid. Cay con sau ndy mam 2,5-3 ngay tudi s& dugc st dung lam vat

liéu chuyén gen [51, 53, 72].
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- Chudn bj vi khudn:

Vi khuan R. Rhizogenes K599 hoang dai va mang vector pZY102 dugc
nudi trén dia moi trudng LB va LB ¢6 bd sung Kanamycin 50 mg/ml, & 28°C
dé tao khuan lac don. Sau do, khuan lac don duogc nudi céy trong moi truong
LB 10ng chira Kanamycin 50 mg/L & 28°C dé tao nguyén liéu cho chuyén gen
in vitro va nuoi trén dia moi truong LB ddc chira Kanamycin 50mg/ml méi &
28°C dé tao nguyén liéu cho chuyén gen in vivo. Vi khuan R. Rhizogenes chung
ATCC 15834 dugc nudi trén mdi truong MGL va cac budc duoc tién hanh
twong tu nhu ching R. Rhizogenes K599. Thanh phan méi trudng LB va MGL
dugc miéu ta trong bang phu luc 2.

Vi khuan cong sinh gdy ndt san Bradyrhizobium japonicum USDA110
dugc nudi trén moi truong HM bo sung Chloramphenicol 20mg/L va duge nudi
& 30 °C dé tao khuén lac don. Sau d6, khuan lac don dugc nudi céy trong moi
truong HM 16ng chira Chloramphenicol 20mg/L & 30°C, 200rpm. Vi khuan
dugc thu bang phuong phap ly tim & 3600rpm trong 10 phut. Sau ly tAm, vi
khuén dugc hoa tan trong nudc cat khur trung va dat dugc néng do ODgp=0,02
thi 1dy nhiém v&i ré ctia ciy con.

2.2.2. Phwong phdp chuyén gen

DPoi voi thi nghiém cam vmg ré to in vitro: Quy trinh chuyén gen tao ré
to trén cac giébng dau xanh thong qua vi khuan R. rhizogenes dugc phat trién
dwra trén phuong phap chuyén gen tao ré to dau twong thong qua vi khuan R.
rhizogenes cua Cheng va dong tac gia [73].

Sau khi gieo trén moi trudng MS tir 18-20 gid, phan thin mam va cubng
14 mam chira chdi chinh dugc loai bo bang 1 duong cat vat 30° bang ludi dao
11, hai manh 14 mam tach déi va duoc tiép tuc gy ton thuong. Cac manh 1a
mam sau khi t6n thuong dugc ngam trong dich huyén phu vi khuan trong thoi
gian 30 phut va c6 lac nhe 6ng khuan chira mau. Sau khi lay nhiém, mau dugc
ddng nudi cdy 3 ngay trén dia méi truong CCM (mot miéng gidy loc duoc dat

trén bé mat moi1 truong thach trude khi chuyén mau vao moi truong dong nudi
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cdy) trén gian dén phong nudi, diéu kién phong nudi: nhiét do 25 +1°C, chu ky
chiéu sang 16/8 sang/tdi, cuong do chiéu sang 2000 lux.

Sau 3 ngay dong nudi cdy, cac manh 14 mam duoc rira khudn bang nudc
cat khir tring 2-3 1an, tiép theo duoc lic rira véi méi truong RM; ¢o bd sung
khang sinh cefotaxime ndng d6 250mg/L. Cac manh 14 mam sau khi rira khuan
duoc tham kho véi gidy loc khtr triung va chuyén 1én mai trudng RM c6 bd sung
250mg/L cefotaxime dé theo doi kha ning cam Gng mo seo va ré to trong
khoang thoi gian 5 ngay va 15. Két qua cam tng tao ré to dugc thu thap theo
tung ngudng thoi gian cu thé: sb lugng mau cam ung tao mo seo, tao 18, 86
lugng ré & mdi cong thirc thi nghiém.

Poi véi thi nghiém in vivo: Vi khuan phat trién trén dia petri dugc gan
lay va tiém truc tiép vao ving than mam sat ngay phi dudi 14 mam cua ciy non
2,5 ngay tudi theo Nguyén Hong Nhung va dong tac gia [72]. Cac chi tiéu theo
ddi nhu s6 mau tao 1é to, sd luong ré, chiéu dai ré... s& dugc thu thap va phan
tich dinh ky theo ting thoi diém thi nghiém.

2.2.3. Ddnh gid khd ning cdm ieng tao ré to

Sau 7 ngay lay nhidm ddi voi diéu kién in vitro va 10 ngdy véi in vivo,
kha niang hinh thanh mo seo va phat sinh ré to tai vi tri 1dy nhiém tién hanh
kiém tra. Tiép theo, mau cdy dugc kiém tra hang ngay dé danh gia ty 1 hinh
thanh ré to theo thoi gian cho téi ngay thir 15 [S1, 71].

Trong nghién ctru ndy, cac chi s6 ding dé danh gia kha ning cam Gng
tao ré to bao gf’)m ti 16 hinh thanh mé seo, ti 1& mau cam ung tao 18 to, va sb
luong ré to trung binh trén mau lay nhiém duoc thu thap & mdi cong thirc thi
nghiém sau 24 ngay bién nap.

2.2.4. Kiém tra sw co mdt va hoat dpng cua gen chi thi o cac dong réto chuyén
gen

Cac manh 14 mam va cac cdy con mang 1& to duoc phat sinh tir cac thi
nghiém trén s€ dugc thu thap va dugc nhuom X-Gluc nham danh gia biéu hién

ctia gen chi thi gus trong vector chuyén gen pZY 102 . Cu thé, céc ré to c¢6 chiéu
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dai tr 2-5 cm duoc lya chon dé danh gia sy c6 mat va biéu hién cua gen chuyén
S6 luong ré to mang gene chi thi gus s& duoc st dung dé danh gia hiéu qua
chuyén gene thong qua ré to trén cdy dau xanh theo phuong phap cua Nguyén
Hong Nhung va dong tac gia 2018 [72].

Cu thé, cac manh 14 mam chira cym ré to duge ngam trong dung dich X-
Gluc va hut chan khong 10 phut sau d6 dt trong ti 6n nhiét 37°C qua dém. Khi
mau ré quan sat xuat hién mau xanh lam, mau dugc ria lai 2 1an véi con 70%
va 0 3 gio trong til on nhiét 50°C, khi mau xanh lam rd rang mau dugc bao quan
lwu giit mau trong con 50%. Ngoai ra, cac 1é to phat sinh tir 14 mam dau xanh
duogc thu riéng ré timg dong dé tach chiét DNA theo phuong phap CTAB. Su
c6 mit cua gen chuyén sé dugc danh gia thong qua phuong phap PCR-dién di
trén gel agarose s dung cap mdi dic hiéu cho gen chi thi gus. Cac cap mdi cu
thé duoc thiét ké dwa trén trinh tu gen GUS st dung dé xac dinh kiéu gen la:

GUS-F: TGGTGGGAAAGCGCGTTACAAG

GUS-R: ACCTGCCAGTCAACAGACGCGTG.
2.2.5. Phwong phdp xiv Iy sé liéu

Céac thi nghiém duogc 1ap lai hai 14n v&i 50 mau trén mot nghié¢m thirc. So
liéu duoc phan tich théng ké sir dung Student t-test va one-way ANOVA va
kiém dinh Tukey’s multiple range st dung phan mém GraphPad Prism 9

(GraphPad Software Inc.; San Diego, CA, USA).
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CHUONG 3. KET QUA NGHIEN CUU VA THAO LUAN
3.1. Thiét 1ap hé thong cam ng va chuyén gen thong qua ré to in vitro trén
cay dau xanh
3.1.1. Anh hwéng ciia mat dg vi khudn va giong dgu xanh dén khd ning cam
irng tao mé seo sau ldy nhiém khudn

Hi¢u qua chuyén gen & thuc vat phu thude vao rat nhiéu yéu t6 nhu kiéu
gen, ching vi khuan, cac budc trong qua trinh chuyén gen, ... O thi nghiém
nay, ching t6i tién hanh danh gia kha ning cam tng tao ré to trén ba giéng dau
xanh DX1, DX2 va DX3 & cac mat do huyén phu ching vi khuan K599 khac
nhau. Cac két qua nghién ctru trude day cho thdy, mat do khuan thap 1am giam
co hoi tiép xtic véi té bao thyuc vat va vi khuan, ddn dén 1am giam hiéu qua bién
nap; trong khi mat d6 khuan qua cao c6 thé 1am anh hudng téi su phat trién cta
mau va gy nhiém lai khuan ¢ giai doan sau.

Pé xac dinh dugc mat d6 khuén t6i vu cho bién nap, chung t61 tién hanh
lay nhiém manh 142 mam cua ba giéng dau xanh trong dich huyén phu vi khuan
& cac mat do ODg 12 0; 0,3; 0,5; 0,8 va 1. Cac nghién ctru trude day cho théy,
sau 1ay nhiém tai cac vi tri ton thuong thuong xuat hién cic mé seo trudc khi
phat sinh céac ré to [71]. Do d6 trong nghién ciru nay, chung toi tién hanh theo
ddi va danh gia kha nang hinh thanh mé seo ciia mau cdy sau mot tuan dong
nudi cdy ctia cac cong thirc thi nghiém.

Két qua cho thdy, mo seo dugc quan sat thay tai vi tri gdy ton thuong cla
cac manh 14 mam ¢ ca ba giéng dau xanh, trong khi & cac mau ddi chimg khong
6 su xuét hién cua mo seo (Hinh 3.1).

O giéng DX, ti 1& hinh thanh mo seo & 4 méat d6 OD khuan dat tir 80—
90%, tuy nhién sy khac biét gitra cdc cong thirc thi nghiém khong c6 ¥ nghia
thdng ké. Mat d6 OD khuan cho ti 1& hinh thanh mo seo cao nhat ddi voi giéng
DX2 14 0,3 (80%), va thip nhat & cong thirc ODggo = 1 (khoang 40%). Ti 18 xuat

hién mo seo cam Ung tao ré to & cadc manh 14 mam gidng dau tuong DX3 dat
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90% & ca ba mat 36 OD khuén 0,3, 0,5 va 0,8, trong khi ti 1€ nay & cong thirc
ODgoo = 1 chi dat 70%.

Nhu vay, c6 thé théy méat do vi khuan ODgy = 0,3 cho hiéu qua cam Ung
tao mo seo tot nhat nhat trén ca ba gidng dau xanh nghién ctru.
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Hinh 3.1. Ty 1¢ hinh thanh mé seo & méanh 14 mam ctia cac giéng du xanh
sau mot tuan dong nudi cdy.

Cdc gia tri duoc biéu dién trong do thi la gia tri trung binh cua ba lan lap lai
v6i n>30. Phdn tich thong ké sir dung phwong phdp phdn tich phwong sai mot
chiéu ANOVA va kiém dinh héu dinh Ti ukey.
3.1.2. Anh hwéng ciia mdt dg vi khudn va giong dgu xanh dén khd ning cam
rng tao ré to cdy diu xanh

Chung t6i tiép tuc duy tri va theo ddi cac miu mé seo trén moi truong
nudi ciy va thong ké két qua phat sinh r& to ¢ cac cong thire thi nghiém. Két
qua thu dugc vé ti 16 miu cam tng tao ré to cho thay, gidng DX1 ¢6 ty 16 mau
tao ré to dao dong tir 4,17% dén 26,92%, & gibng DX2 ty 1& ndy dao dong tir
7,69% dén 55,56%. Trong khi d6 & gidng dau xanh DX3, ty 1& cam tng tao ré
to dao dong tur 4,95% dén 27,9%.

Nhu vay, trén ca ba giéng dau xanh nghién ctru, khi sit dung mat do vi

khuidn ODg = 1 thi kha nang cam Ung tao 1é to 1a thép nhat. Tuong tu nhu &
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ty 1¢ tao mo seo, hi€u qua cam ting tao 1é to Vi ca 3 giéng dau tuong nghién
ctru déu dat cao & mat d6 vi khuan ODg=0,3 (tir 26,1% tGi 55,56%).

Trong d6, gidng DX2 cho kha ning cam ung tao ré to tir md seo 1 cao
nhat, dat khodng 55% & cong thirc ODgoo = 0,3 (Hinh 3.4).
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Hinh 3.2. Ti 1& cam Ung tao ré to tir mo seo sau 24 ngay lay nhiém.
Cdc gia tri duoc biéu dién trong do thi la gia tri trung binh cua ba lan lap lai
n>30. Phan tich thong ké sir dung phwong phdp phdn tich phwong sai mét chiéu
ANOVA va phan tich hdau dinh da pham vi Tukey. * p<0.05; ** p<0.01, ***
p<0.001; **** p<(.0001.

Cung v6i danh gid ty 16 cam tng tao ré to, chiing toi con thu thap sé lidu
vé s6 luong ré to trung binh trén mot mau thi nghiém. Két qua dugc thé hién &
hinh 3.3 cho théy, s6 lugng ré to trung binh cao nhét trén mot mau thi nghiém
& ba gidng dau xanh khong khac biét co y nghia thong ké. Tuy nhién, giita cac
cong thurc véi mat do vi khuén khac nhau (0,3; 0,5 va 0,8) chiing t61 ghi nhan
su khac biét dang ké. Cu thé & giéng d4u xanh DX1 s6 ré trung binh dao dong
tir 1,33 dén 4,71; & gidng DX2 tir 1,0 dén 4,2; giébng DX3 tir 1,1 dén 4,14.
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Két qua nghién ctru mot 1an nira chi ra rang, viéc 1ay nhiém véi mat do
ODggo = 1 cho s6 luong ré to trung binh thip hon dang ké so véi cac cong thirc
con lai, chi dat 1,0~1,33 r&/mau.

Ngoai ra, dua vao cac két qua thi nghiém trén co thé thdy giéng dau xanh
DX2 mang lai hi€u qua cdm rng tao r& to cao nhét, mat do vi khuan khuén R.

rhizogenes K599 phu hop 1a ODgy = 0,3.
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Hinh 3.3. S luong ré to trung binh trén mau thi nghiém.

Cdc gia tri duoc biéu dién trong do thi la gia tri trung binh cua ba lan lap lai.
Phén tich thong ké sir dung phwong phdp phan tich phwong sai mét chiéu
ANOVA va phan tich hau dinh da pham vi Tukey. * p<0.05; ** p<0.01, ***
p<0.001; **** p<(.0001.
3.1.3. Hiéu qud chuyén gen va hoat dpng ciia cdu triic chuyén gen trén ré to
in vitro cdy ddu xanh

Sau 24 ngay nudi cdy cam ung, cic mau & to tao ra duoc nhudm véi X-
Gluc dé xac nhan sy c6 mit cta gen chuyén. Két qua cho thay, mau xanh dic
trung xuat hién & cac dong ré to tao ra tir manh 14 mam cua ca ba giéng dau
xanh thr nghiém (Hinh 3.4 A-C).

Tuy nhién, khong phai tit ca cac & duoc tao tir cing mot manh 14 mam

déu 1a ré chuyén gen. Két qua thong ké cho thy, ty 1é ré to biéu hién GUS dao
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dong tir 42,5-50% (Hinh 3.4 D). Trong d6, ty 1& nay ¢ gidng DX1 1a 47,05%,
giong DX2 1 50% va gidng DX3 1a 42,5%.

Két qua phan tich ciing cho thay, ty 1& ré to mang gen chuyén cta cac
gidng dau xanh nghién ctru khong cé sy sai khac thong ké.

Nhu vay, sy khac biét vé hiéu qua chuyén gen thong qua ré to ctia 3 gidng
dau xanh nghién ctru chu yéu dén tir su chénh 1éch vé ty 1€ mau cam ung tao
mo seo va phat sinh ré to.

Két qua cua chung toi cho thdy, trong 3 giéng dau xanh thir nghiém,
gidng DX2 ¢6 hiéu qua chuyén gen thong qua ré to cao nhét va s& duoc sir dung
cho cac nghién ctru tiép theo phuc vu danh gia hiéu qua hoat dong cua céu trac
chuyén gen trén cdy dau xanh tai Viét Nam.

A B

(9]

v)
'
ong sore

n

mot mau thi nghiém (%)
N A O
o o o
| | |
—
o

o

\
Ti 18 ré dwong tinh/t

T T
- DX1 DX2 DX3

Hinh 3.4. Két qua x4c nhan sy ¢6 mit cia gen chuyén ¢ cac dong 18 to.
(A-C) Su biéu hién cia gen gus & ré to sau 24 ngay lay nhiém lan leot trén ba
giong ddu xanh DXI1, DX2 va DX3. (D) Ti Ié ré to mang gen chi thi gus. Cdc
gia tri duoc biéu dién trong do thi la gia tri trung binh cua ba lan lap lai. Phan
tich théng ké sir dung phwong phdp phan tich phwong sai mét chiéu ANOVA va
phdn tich hau dinh da pham vi Tukey. * p<0,05; ** p<0,01, ***p<0,001; ****
p<0,0001.
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Chiing vi khuan Rhizobium
rhizogenes nuoi long, sau do
ly tam thu sinh khoi

Hat dau xanh duoc khi
tring bang khi Clo. sau do,
gieo ndy mam trén moi
trwéng GM 18-20 gi¢

Lay nhiém 30 phut trong dich
huyén phu vi khuan Rhizobium
rhizogenes

Rira khuan, thdm kho
mau va nudi trén moi
trwong cam (ng tao
ré RM

Pong nuéi cay 3 ngay
trén méi trrong CCM

Mau cam (rng tao ré trén
maéi trwong RM (5 ngay
nudi cay trén méi trudng
RM)

Mau tao ré to trén moi
trwc‘mg RM (15 ngay
nudi cay trén RM)

Hinh 3.5. So 6 minh hoa quy trinh chuyén gen cam tng tao ré to in-vitro

trén giéng dau xanh DX2 thong qua vi khuan R. rhizogenes.
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Tir cac két qua nghién ctru trén ddy, chung toi thiét 1ap duoc cac bude
chinh cu thé dung trong cam tng tao ré to va chuyén gen thong qua ré to in
vitro clia gidng dau xanh Viét Nam thong qua vi khuan R. rhizogenes véi cac
budc co ban duogc trinh bay trong hinh 3.5.

Mic du véy, can c6 thém cac nghién ctru tiép theo nham tdi wu va nang
cao hon nita hiéu qua chuyén gen cia hé thong nay nham mo rong kha ning
mg dung cho cac nghién ciru co ban vé chirc ning gen trén cdy dau xanh.

3.2. Thiét 1ap hé thong cam irng tao tao ré to va chuyén gen thong qua ré
to' in vivo trén cay dau xanh.

3.2.1. Anh hwong ciia chiing vi khudn dén kha ning cim ieng tao ré to in
vivo cua cdy ddau xanh

Mic du tiém ning tmg dung trong nudi cay sinh khéi 16n va nghién ctru
chtrc nang gen cla cac dong 1é to in vitro 1a rat rong va phd bién nhung van c6
han ché nhét dinh trong img dung nghién ciru twong tac gitra thuc vat va vi sinh
vat.

Nhu d3 dé cap bén trén, cing v6i hé thong chuyén gen va cam ng tao
ré to trong diéu kién in vitro, vi khuan R. rhizogenes ciing duoc tng dung thanh
cong trong cam mg tao ré to trong diéu kién in vivo ddi voi nhidu dbi tuong
cdy trong. Twong ty nhu phuong phap in vitro, anh hudng cta ching vi khuan,
kiéu gen thuc vat va tudi ciia mau dén hiéu qua cam tng va bién nap ré to in
vivo cling dugc ghi nhan.

K599 1a ching R. rhizogenes duy nhat duoc sir dung trong céc thi nghiém
truéc ddy nham t6i vu hoa qua trinh bién nap ré to in vivo cta cdy dau tuong
[53, 75]. Trong khi do, chung ATCC 15834 ciing dugc ching t61 sir dung thanh
cong trén cac cay trong khac nhu du du, dwa chudt [51].

Trong nghién ciru nay, chung tdi tién hanh danh gia kha niang cam ung
tao ré to in vivo va ty 1€ ré to ¢6 biéu hién GUS cua 2 chung vi khuéan R.
rhizogenes K599 va ATCC 15834 trén giong ddu xanh DX2, day 1a giéng c6

phan tng t6t nhat trong diéu kién in vitro.
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Két qua thu dugc ¢ biéu dd duéi day (Hinh 3.6) cho thay, sb lugng ré to
trung binh dugc tao ra khi 14y nhién véi ching R. rhizogenes K599 1a 11,38,
cao hon han véi sé luong ré duoc hinh thanh tir ching ATCC 15834 9,13)
(Hinh 3.6 a).

Hon thé, ti 1& r& to chuyén gen c6 biéu hién GUS - cua ching R.
rhizogenes K599 cling cao va dat 49,5%. Ti 1€ nay cao hon so véi ti 1€ 1é to
chuyén gen thu duoc khi dau xanh duogc nhiém véi chiung ATTC 15834, 33,2%,
p<0.05 (Hinh 3.6 b).
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Hinh 3.6. (a) S6 1& cam tGng trén cay va (b) Ti 1¢ 1& to ¢ biéu hién GUS
ctia 2 chiing vi khuan trén cdy dau xanh.

Cdc gid tri dwoc biéu dién trong do thi la gid tri trung binh cia ba lan
ldp lai. Phén tich thong ké sir dung phwong phdp phdn tich Student t-test . *
p<0.05; n=10, *** p<0.0001, n=60.

Nhu vay, hai ching vi khuan R. rhizogenes K599 va ATCC 15834 déu
c¢6 kha nang cam Gng tao ré to in vivo trén gidng dau xanh. Tuy nhién, ching
t6i ghi nhan su khac biét 16n khong chi vé ty 1é cam tng tao 1& to va sb luong
ré to thu duoc trén mdi mau 1y nhiém. Ching ATCC 15834 thudng phu hop

v6i cay tham gd, tuy nhién véi cdy than thao chung vi khuan nay cho hiéu qua
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kém hon. Piéu nay chung t6i ciing ghi nhan trén cdy dua chudt trong nghién
ctru trugce day [51].

Nhu vay, ching vi khuin R. rhizogenes K599 thé hién sy pht hop hon
cho chuyén gen va cam tng tao ré to in-vivo trén giéng dau xanh DX2 thé hién
qua s luong ré to va ty 18 1& to chuyén gen cao hon chung ATCC 15834. Trong
cac thi nghiém tiép theo vé cam tng tao ré to in vivo trén cdy dau xanh, ching
t6i s& lra chon chiing khuan K599 dé tién hanh 1ay nhiém.

3.2.2. Pdnh gid khd ning cam iing tao ré to in vivo ciia cdc giong diu xanh

Mot s6 nghién ctru trude ddy chi ra rang khong co su khéac biét vé ty 18
cam Ung tao ré to gilta cac gidng khac nhau cia cung mot loai [76, 77, 78].
Nhung bén canh d6, ciing c6 mot s6 nghién ctru khac chi ra mdi lién hé gitra
kiéu gen vé6i hiéu qua cam ung tao ré to thong qua R. rhizogenes [79, 80, 81].

Trong két qua nghién ctru thiét 1ap hé thong cam tng tao ré in vitro bén
trén, chiing t6i nhan thay yéu té gidng c6 anh huong dén kha ning cam tng tao
ré to cta ddy xanh. Do vay trong ndi dung nghién ctru nay, chung t6i tiép tuc
danh gia anh hudng cua 3 giéng dau xanh Viét Nam 1a DX1, DX2, DX3 dén
hiéu qua cam ung tao ré to trong diéu kién in vivo.

Két qua cho thiy, ching vi khuan R. rhizogenes K599 c6 kha niang kich
thich tao ré to trong diéu kién in vivo trén ca 3 gidng dau xanh Viét Nam véi ty
1€ cao tur 79,55% - 98,85% ( Hinh 3.7 a-d). Cu thé, mo seo va ré to xuét hién
tai vi tri tiém nhiém khuén rat sém, ¢ ngay tht 12.

Két qua quan sat sau 18 ngay lay nhiém cho thiy kha ning cam Gng tao
ré to trén cac giébng dau xanh DX1 va DX2 cao hon (98,75 va 98,85%) so véi
gidng dau xanh DX3 (79,55%). Khong chi ghi nhan ty 18 tao 1& to in vivo cao
hon & hai giéng dau xanh DX1 va DX2, s lugng ré to trung binh cua hai giéng
dau xanh nay ciing cao hon (6,59 va 7,11 ré/cdy) so véi gidng ddu xanh DX3

(2,75 ré/cay) (Hinh 3.7).



30

(b)

0.9995 <0.0001 —
10 <0.0001
100 R
0.5671 <0.0001
8 |
— B T
X i > == T—
o L 64 —
2 g
ud‘_) 50 "9_’
(¢} o 44
by N
@ 3=
= 21
0 T T T 0 T T T
DX1 DX2 DX3 DX1 DX2 DX3

Hinh 3.7. Rhizobium rhizogenes K599 kich thich kha ning tao ré in vivo trén
3 gidng dau xanh Viét Nam.
Ré to hinh thanh trén cdc giong dau xanh DX1 (a), DX2 (b) va DX3 (c) sau 18
ngay chuyén vi khuan. Ti I¢ tao ré to (d) va sé heong ré to hinh thanh trén cdy
(e) dwge quan sat sau 18 ngay ching vi khudn. Biéu do thé hién sé liéu trung
binh cua tirng giong ddu xanh véi + SEM, n> 44. 86 liéu dwoc phdn tich bang
one-way ANOVA va xit Iy véi Tukey's multiple range test. Gid tri p dwoc thé
hién trén biéu do.
3.2.3. Kiém tra sw cé mdt va hoat dpng ciia gen chuyén trén ré to in vivo cdy
ddu xanh
Tuong tu nhu nghién ctru véi hé thdng 1é to in vitro, cac doan than co
chira mo seo va ré to in vivo s& duoc tach va ngam trong dung dich X-Gluc [9].
Két qua phan tich ghi nhan cac dong ré to in vivo ¢6 biéu hién mau GUS
dic trung (Hinh 3.8 a-c). Ty 18 1& to in vivo c¢6 biéu hién GUS thap nhit ¢ giéng
DX3 (29,08%) va cao nhét & gidng DX2 (53,61%).



31

Mic du vay, ty 18 nay khong c6 su khac biét thong ké gitra hai giéng dau
xanh DX1 va DX2 (Hinh 3.8 d). Nhu vay, & diéu kién in vivo, yéu té giéng dau
xanh khong chi anh hudng toi ty 16 cam tng tao ré to ma con cho thay sy khac

biét vé hiéu qua chuyén gen thong qua 18 to.
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Hinh 3.8. Biéu hién gen chi thi GUS trén ré to dau xanh.
(a) Ré to nhuém GUS cdc giong ddu xanh DXI, (b) DX2 va (¢) DX3 sau chuyén
R. rhizogenes K599 mang pZY102, (d) Ti 1é tao ré to mang gen chi thi GUS
dwoc quan sat sau 18 ngay chuyén vi khuan. Biéu do thé hién soé liéu trung binh
cia tirng giong ddu xanh véi + SEM, n>15. S6 liéu dwoc phdn tich bang one-
way ANOVA va xir Iy véi Tukey's multiple range test. Gid tri p dwoc thé hién

trén bieu do.
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Pé xac dinh xem cac ré to duoc tao ra 1 r& chuyén gen hay khong, bén
canh vi¢éc nhuoém GUS, ching t61 cling tién hanh phan tich khuéch dai gen doi
v6i mdi dong 18 to riéng biét. Két qua PCR ngau nhién hoan toan phu hop voi
két qua nhudém GUS, khang dinh rang cac dong ré to 1a ré to mang gen chuyén

gus.

DX1 DX2 DX3

Hinh 3.9. San phidm PCR cho gen GUS tir cac ré to thu duoc tir cac cdy
chuyén gen.
1-3: ré to chuyén gen, 4: DNA tir ré khong chuyén gen, -: déi chitng am.
Nhu vy cac két qua thu duoc cho thiy, gidng dau xanh DX2 14 gidng co
hiéu qua cam ung tao r& to va chuyén gen thong qua ré to cao nhit trong ba
gidng thir nghiém. Tuwong tu nhu phuong phép in vitro, anh hudng ctia ching
vi khuén, kiéu gen thyc vat va tudi cia mau dén hiéu quéa cam Ung va bién nap
ré to in vivo ciing rat dang ké. K599 1a ching R. rhizogenes duy nhat dugc st
dung trong cac thi nghiém trudc ddy nham tdi wu hoa qua trinh bién nap 1é to
in vivo cua cay dau tuong [53, 75].
3.2.4. Panh gid khd ndng twong tac céng sinh vdi vi khudn not san ciia ré
to'in vivo o cdy ddu xanh
Hé théng cam tng tao 1& to va chuyén gen thong qua ré to trong diéu
kién in vivo da dugc phat trién va Gmg dung thanh cong trén nhiéu ddi tuong
cdy trong. Trén dau tuong, hé thong chuyén gen thong qua ré to in vivo di duoc
g dung trong nghién ctru twong tac v6i vi khuan nét san. Nghién ctru trén cay
lac st dung h¢ théng cam ung 1é to in vivo da dugc thuc hién thanh cong dé tao
ra cic dong ré to chuyén gen AdEXLBS khang tuyén trung Meloidogyne

arenaria [82].
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Dau xanh, thudc céac cay ho dau, dugc chirng minh la c6 kha nang cong
sinh v6i rhizobia. Dé danh gia kha ning cong sinh voi vi khudn cua ré to in
vivo & ciy dau xanh, chiing t6i tién hanh lay nhiém véi vi khuan tao nét san B.
Jjaponicum USDA110. Tiép d6, cac dong ré to chuyén gen duoc dua xudng gia
thé thich hop dé phat trién va khao sat kha nang tuong tac cia ré to dau xanh
v6i chung vi khuan ¢é dinh dam.

Sau 25 ngay lay nhiém vi khuan, cic cay mang ré to dugc nhd 1én, nhudém
GUS va quan sat. Két qua nghién ctru ghi nhan viéc hinh thanh nét san (két qua
clia twong tac gitra vi khuan B. japonicum) trén cac dong ré to (Hinh 3.10). Pac

biét, chung to61 ghi nhan not san co6 biéu hién GUS tur cac dong ré to c6 mau

T

xanh dac trung.

Hinh 3.10. R& mang ndt san biéu biéu hién GUS sau 25 ngay xur 1y v6i vi
khuan tao ndt san, B. japonicum USDA110. Miii tén d6 chi cac vi tri ndt sin
hinh thanh trén ré to.

Nhu vay, cac 1é to in vivo trén cdy dau xanh déu c6 kha ning tuong tac
va lay nhiém bai vi khuan B. japonicum dé hinh thanh cac don vi ¢b dinh dam
(nét san). Két qua nghién ctru cho thiy tiém ning tng dung cta hé thong cam
g tao ré to va chuyén gen thong qua 18 to in vivo trén cdy dau xanh trong
nghién ciru tiép theo vé twong tac véi vi sinh vat cling nhu cac nghién ctru co

ban vé churc nang gen.
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3.2.5. M6 ta quy trinh chuyén gen théng qua ré to in vivo trén giong diu
xanh Viét Nam

Véi két qua néu trén, ching toi dwa ra phwong phap chuyén gen cam tng
ré to in vivo cho mot sd giéng d4u xanh Viét Nam thé hién trén hinh 3.11 véi

cac budc chi tiét nhu sau:

Khtr trung hat véi
clorox 10%, nay
mam trén gia thé bd Ngay 0
sung moi truong
dinh dudng BD.

!

Cay con 2.5 ngay
tudi dugc chuyén vi
khuan R. rhizogenes

K599.

Ngay 2,5

v

MO seo va re to xuat hién }

tai vi tri tiém sau 12 ngéy
sau khi chuyén vi khuan.

|

Nghién : ¢ R3 to kéo dai sau 18 ngiy

o e YN ,_ tiém vi khuan. R& c6 thé
dugc st dung cho phan Ngay 20

i

Ngay 14

nanAg ggn tich chirc ndng cua gen
trén ré mong mudn hodc ching
a\ v6i vi khuan tuong tac ta

vung ré.

!

Nghién ctru L N y N6t san cb dinh dam hinh
chtrc nang [l G0 NGhE ) thanh trén ré to sau 25

gen tuong gl ngay xtr Iy véi vi khuan ¢ Ngay 45
tac voi vi \\ & o : ; dinh dam Bradyrhizobium

sinh vat (W Japonicum.

Hinh 3.11. Quy trinh tao 1é to in vivo trén dau xanh su dung vi khuén R.

rhizogenes K599 trén gidng ddu xanh Viét Nam.
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Buéc 1: Chuan bi cAy mam diu xanh

Hat dau xanh duoc lya chon cin thén, loai bo cac hat kém chét lugng sau
d6 duogc khir tring bé mit bang con 70% trong 1 phut, tiép theo khir trung bang
Javen 20% trong 10 phut, rira sach bang nudc cit vo trung 3 lan.

Hat sau khi khir tring s& duoc ndy mam trén gia thé da khtr trung chta
perlite : vermiculite véi ti 1€ 1:1 dugc tudi véi dung dich dinh dudng BD (thanh
phan c6 trong phu luc 1) dugc bd sung ImM KNO; va nudi trong budng sinh
truong v6i nhiét do 27 C, thoi gian chiéu sang 16 gio.

Yéu ciu vé két qua dat dwee: Cac cdy mam dau xanh to map, khong co
hién tuong bién dang, chua mo 14 chét (14 that dau tién), co chiéu cao déng déu.
Buéc 2: Chuin bj dia khuin phuc vu cho bién nap

Chung vi khuan K599 (chung hoang dai hodc ching c¢6 mang vector
chuyén gen vi du pZY102 (Addgene Cat: 73933) duoc ria trén moi truong LB
b6 sung khang sinh phu hop.

Sau 2 ngay nudi trong diéu kién tdi hoan toan, mét khuan lac don duogc
liy ra va hoa trong 1 ml méi truong LB 16ng, sau d6 nudi lic 200 vong/phut &
28°C trong 2 gio.

200 pl dich huyén phu khuin dong nhit nay duogc cdy trai trén cac moi
truong LB ¢6 bd sung khang sinh phit hop va nudi qua dém trong diéu kién tdi
hoan toan ¢ 28°C.

Yéu cau vé két qua dat dwoc: Khuan sinh truong dong nhat trén toan bo
bé mat moi truong.

Buwéc 3: Bién nap khuin vao cAy mam ddu xanh

Sinh khéi vi khuan duoc 14y bang miii tiém va dam truc tiép vao than
mam d4u xanh phia dudi ndt 14 mam.

Mili tiém d¢am xuyén qua chinh giita than mam va dich khuan duogc dua

dong déu & ca hai phia cua vi tri tiém.
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Yéu cdu vé két qua dat dwoc: Vi tri tiém nam gan ndt 14 mam, dudng
tiém 1a duy nhat dé tranh gay ton thuong dén sinh truong cia cay. Vét tiém
khong bi nat, quan sat dugc dich khuén dong trén vi tri ti€m.

Buéc 4: Nudi cAy ddu xanh sau bién nap va danh gia kha niing sinh ré to

Céc khay cay dau xanh mam sau bién nap dugc chup kin bang nap trong
sudt va duoc tudi Am ban dau bang nude.

Trong cac ngay tiép theo, khong gian trong 16ng kin dugc duy tri am cao
bang cach phun swong trén nap dy. Cac ciy bién nap duoc dit trong cung diéu
kién v6i bude chuan bi cdy mam.

Kha ning sinh ré to cua cac ciu trac chuyén gen dugc quan sat va dém
sO 18 sinh ra bang mat thuong.

Yéu cau vé két qua dat dwroc: Cac ciy dau xanh chuyén gen sinh trudng
binh thuong, khong gian trong thi chira luén phai duoc duy tri do am cao. Céc
ré to sinh ra tai vi tri bién nap c6 mau trang.

Buéc 5: Tién hanh nghién ctru chire ning gen trén ré to

Khi céc & to dat chidu dai khoang 5-10 cm, mot s6 hodc toan bo 1é to ¢
thé duogc cat dé thuc hién cac nghién ciru tiép theo nhu nghién ctru hiéu qua cua
hé théng CRISPR, biéu hién gen, ...

Ngoai ra, dé nghién ctru trong tac vi sinh vat, phan ré so cap ctia cac cay
dau xanh duoc loal bo béng cach cét vao than phia dudi vi tri tao ré to. Phan
ngon cung voi ré to duge chuyén sang gia thé mai (thanh phan gidng véi gia
thé st dung trong budc 1).

Sau 4 ngay, cdy méi dugc @ véi vi khuan dé nghién ctru twong téc vi sinh
vat.

Yéu cdu vé két qua dat dwoc: Cay dau xanh véi 1é to chuyén gen tiép
tuc sinh trudng binh thuong trén khay nudi, cac ré to duge dua xudng gia thé
tiép tuc phat trién va phan nhéanh.

Phuong phéap chuyén gen cam ung tao ré to in vivo dugc thiét lap trén

cac diau xanh Vi¢t Nam c6 uu diém don gian, nhanh chong, khong ton nhiéu
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vat lidu va trang thiét bi. Chung t6i tién hanh ap dung quy trinh nay thém nhiéu
lan véi gidng ddu xanh DX2 va két qua thu duoc ty ké cam tmg tao 1& to dao
dong tir trén 80% dén 100%.

Diéu nay cho thay, tinh 6n dinh va hiéu qua cta hé thong nay, dong thoi
mo ra tiém ning tng dung trong nghién ctru chirc nang gen va twong tac vi sinh

~

vat.
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CHUONG 4. KET LUAN VA KIEN NGHI

KET LUAN

1. ba xdy dung duoc quy trinh cam tng tao 1é to in vitro va chuyén gen
thong qua ré to in vitro trén 3 gidng dau xanh cua Viét Nam.Trong d6, hiéu qua
cam Ung tao ré to cao nhit ¢ giéng dau xanh DX2 khi duoc lay nhiém véi vi
khuén R. rhizogenes K599 tai mat dg ODgyo = 0,3. H¢ théng cam Ung tao 1é to
in vitro trén dau xanh da dugc tng dung thanh cong trong danh gia hoat dong
clia cdu trac chuyén gen véi ty 18 ré to co biéu hién gen chi thi GUS dat tir 42,5
t61 50%.

2. ba xay dung duoc quy trinh cadm (g tao ré to in vivo va danh gia hoat
dong cua cdu trac chuyén gen trén ré to in vivo cdy dau xanh.

- Két qua nghién cho thdy, ca hai chung vi khuan R. rhizogenes K599 va
ATCC 15834 déu c6 kha ning cam ung tao ré to in vivo, trong d6 chung K599
cho hiéu qua t6t hon. Ngoai ra, trong cac gidng dau xanh dung cho nghién ctru
nay, gibng DX2 mang lai hiéu qua chuyén gen cao nhét.

- Céc 1é to in vivo chuyén gen c6 kha ning tuwong tac va 1y nhiém bai vi
khuéan B. japonicum dé hinh thanh nét san.

KIEN NGHI

Tiép tuc t6i wu va thir nghiém cac hé thong cam ung tao ré to va chuyén
gen thong qua 1é to in vitro va in vivo trén cac gidng dau xanh khac cua Viét
Nam. Phat trién va tng dung hé thdng nay trong cac nghién ciru tiép theo vé
danh gia hoat dong cta ciu tric chuyén gen, chinh stra gen ciing nhu nghién

ctru chirc nang gen va céi tao giong dau xanh.



39

DANH MUC CONG TRINH CUA TAC GIA

Vietnam Journal of Biotechnology 21(2): 375-384, 2023

“HIGHLY EFFICIENT RHIZOBIUM RHIZOGENES-MEDIATED
HAIRY ROOT TRANSFORMATION FOR GENE FUCNTIONAL
STUDY IN MUNGBEAN (Vigna radiata (L.) R. Wilczek)”

Cuong Xuan Nguyen'?, Loan Thi Tran™, Linh Khanh Chu', Dong Thi
Ta'?, Thao Thi Phuong Bui'*, Phat Tien Do"’

! Institute of Biotechnology, Vietnam Academy of Science and Technology, 18
Hoang Quoc Viet Road, Cau Giay District, Hanoi, Vietnam

° Graduate University of Scisence and Technology, Vietnam Academy of
Science and Technology, 18 Hoang Quoc Viet Road, Cau Giay District, Hanoi,
Vietnam

’Lao Cai High School for Gifted Students, Phan Ke Binh Street, Bac Cuong,
Lao Cai City, Lao Cai, Vietnam

‘University of Science and Technology of Hanoi



40

TAI LIEU THAM KHAO
. Nguyén Ptc Cudng, 2009, K7 thudt trong ddu xanh, NXB Khoa hoc tu

[S—

nhién va cong ngh¢, Ha Noi.

2. Nguyén Bing Khoéi, 1997, Cac cay dau in hat & Viét Nam, Tap chi Sinh
hoc, 2),5—6.

3. B.M. Khalikov, F.B. Namozov, S.T. Negmatova, SH.E. Ekhmedov,
Mung bean, 2020, Novateur Publication, 1-25.

4. Nguyén Thanh Tuén, 2018, Pdnh gid sinh trudng phdt trién va nang sudt
ctia mot s6 dong ddu xanh nhdp noi tai Gia Lam, Ha Noi, 27-32.

5. Tran Pinh Long, Lé Kha Truong, 1998, Cdy ddu xanh, NXB NN.

6. Oplinger, E. S., Hardman, L.L., Kaminski, A.R., et al., 1990, Mungbean,
In Alternative feed crop manual, University of Wisconsin.

7. Sefa-Dedeh, S., & Stanley, D. W. (1979), The relationship of
microstructure of cowpeas to water absorption and dehuling properties,
Cereal Chemistry, 56(4), 379-386.

8. Puong Hong Dat, 2006, Cdy ddu xanh, kj thudt tham canh va bién phdp

ting nang sudt, chdt lwong san pham, NXB Lao Pong — Xa Hoi, 5 - 31.
. Két qua nghién ctru khoa hoc dau dd 1991 - 1995, 1996, Vién Khoa hoc
ky thuat Nong nghi€p, Viét Nam, 4 - 188.

Ne

10. Tran Vin Lai, Tran Nghia, Ngo Quang Thang, Lé Tran Trung, Ngo
Puc Duong, 1993, Kj thudt gieo trong ddu lac vieng, NXB NN.

11. Pham van Thiéu, 1997, Cay dau xanh, ky thuat tréng va ché bién san
phdam, NXB Noéng nghiép.

12. Adsule, R. N., Kadam, S. S., Salunkhe, D. K., et al, 1986, Chemistry
and technolygy of green gram (Vigna radiata [L]. Wilczek), Critical
Reviews in Food Science and Nutrition, 25(1), 73-105.

13. Mazumdar, D., Saikat, D., et al., 2016, Utilization of pulses — Value
addition and product development, In pulses for sustainable food and

nutrition security in SAARC region, 65-97.



41

14. Hou D., Yousaf L., Xue Y., HuJ., Wu J., Hu X., Feng N., Shen Q.,
2019, Mung bean (Vigna Radiata L.); Bioactive Polyphenols,
Polysaccharides, Peptides, and Health Benefits, Nutrients, MDPI AG.

15. Nguyén Thi Luyén, 2009, Phdt trién hé thong tdi sinh & cdy ddu xanh
(Vigna Radiata (L.) Wilczek) phuc vu chon dong chiu han va chuyén Gen,
Luan cdn thac si Sinh hoc, Truong Pai hoc Su pham - Pai hoc Thai
Nguyeén.

16. Ministry of Agriculture and Farmers Welfare, 2018, Pulses
revoluntion from food to nutri- tional security-success report, from
https://www.farmer.gov.in/SucessReport2018-19.pdf.

17. Misiak K., Gorna B., Krol E., et al., 2017, Yield and quality of mung
bean (Vigna radiata (L) Wilczek) seeds produced in Poland, Bulletin of

University of Agricultural Sciences and Veterinary Medicine Cluj-
Napoca, Horticulture, 74(2), 149.

18. Riker AJ, Banfield WM, Wright WH, Keitt GW, 1930, Studies on
infectious hairy root of nursery apple trees, 507-540.

19. Conn HIJ, 1942, Validity of the genus Alcaligenes, J Bacteriol, 343-
360.

20. Meyer A, Temple J, Constantino P, 2000, Hairy root: a molecular
overview functional analysis of Agrobacterium rhizogenes T-DNA genes,
In Stacey G, Keen N (eds) Plant-microbe interac-tionz, 93-139.

21. Citovsky V, Zupan J, Warnick D, Zambryski P, 1992, Nuclear
localization of Agrobacterium VirE2 protein in plant cells, 1802-1805.
22. Gir1 CC, Giri A, 2007, Plant biotechnology, Practical Manual I

International Publishing House Pvt. Ltd, New Delhi, 69-76.

23. Murugesan S, Manoharan C, Vijayakumar E, Panneerselvam A,
2010, Isolation and characteriza- tion of Agrobacterium rhizogenes from
the root nodules of some leguminous, 1(3), 92-96.

24, Rao AQ, Bakhsh A, Kiani S, Shahzad K, Shahid AA, Husnain T,



42

Riazuddin S, 2009, The myth of plant transformation, 753-763.

25. Ozyigit 11, 2012, Agrobacterium tumefaciens and its use in plant
biotechnology, 317-361.

26. Filetici P, spano L, Costantino P, 1987, Conserved regions in the T-
DNA of different Agrobacte- rium rhizogenes root inducing plasmid, 19-
26.

217. Ream W (2002) Agrobacterium genetics. In: Streips UN, Yasbin
RE (eds) Modern Microbial Ge-netics, 323-348.

28. Binns AN, Costantino P, 1998, The Rhizobiaceae: molecular biology
of model plant- associated bacteria, 251-266.

29. Weller SA, Stead DE, 2002, Detection of root mat associated
Agrobacterium strains from plant material and other sample types by
post-enrichment TagMan PCR, 118-126.

30. Weller SA, Stead DE, Young JPW, 2005, Induction of root-mat
symptoms on cucumber plants by Rhizobium, but not by Ochrobactrum or
Sinorhizobium, harbouring a cucumopine Ri plasmid, 799-805.

31. Guillon S, Trémouillaux- Guiller J, Pati PK, Rideau M, Gantent P,
2006, Harnessing the potential of hairy roots: dawn of a new era, 24(9),
403-409.

32. Veena, V., &Taylor, C. G., 2007, Agrobacterium rhizogenes. recent
developments and promising applications, 43, 383-403.

33. Slightom JL, Durand-Tardif M, Jouanin L, Tepfer D, 1986,
Nucleotide sequence analysis of TL-DNA of Agrobacterium rhizogenes
agropine type plasmid, 108-121.

34. Hansen G, Das A, Chilton MD, 1994, Constitutive expresstion of the
virulence genes improves the efficiency of pland transformation by
Agrobacterium, 7603- 7607.

35. White FF, Ghidossi G, Gordon MP, Nester EW, 1982, Tumor

induction bt Agrobacterium rhi-zogenes involves the transfer of plasmid



43

DNA to the plant genome, 3193-3197.

36. Petit A, David C, Dahl G, Ellis JG, Guyon P, Casse-Delbart FC,
Tempe J, 1983, Further extension of the opine concept: plasmids in
Agrobacterium rhizogenes cooperate for opine degradation, 204-214.

37. Filetic P, Spano L, Costantino P, 1987, Conserved regions in the T-
DNA of different, Agrobacte- rium rhizogenes root inducing plasmid., 19-
26.

38. David C, Chilton MD, Tempe J, 1984, Conservation of T-DNA in
plants regenerated from hairy root cultures, 73-76.

39. Isogai A, Fukuchi N, Hayashi M, Kamada H, Harada H, Suzuki A,
1988, Structure of a new opine, mikimopine, in hairy root induced by
Agrobacterium rhizogenes, 3235-3237.

40. Porter J, 1991, Host range and implications of plant infection by
Agrobacterium rhizogenes, 107-121.

41. Chandra S, 2012, Natural plant genetic engineer Agrobacterium
rhizogenes: role of T-DNA in plant secondary metabolism, 407-415.

42. Ackermann C, 1977, Pflanzen aus Agrobacterium rhizogenes
tumoren and Nicotiana tabacum, 23-30.

43. Tepter D, 1983, The potential uses of Agrobacterium rhizogenes in
the genetic engineering of higher plants: nature got there first, 153-164.

44, Kumar V, Sharma A, Prasad BCN, Gururaj HB, Ravishankar GA,
2006, Agrobacterium rhizo-genes mediated genetic transformation
resulting in hairy root formation is enhanced by ultra-sonication and
acetosyringone treatment, 349-357.

45. Yadav NS, Van Der Leyden J, Bennett DR, Barnes WM, Chilton
MD, 1982, Short direct repeats flank the T-DNA on a nopaline Ti plasmid,
6322-6326.

46. Guyon P, Chilton M-D, Petit A, Tempe J, 1980, Agropine in "null

type" crown gall tumors: evidence for generality of the opine concept,



44

2693-2697.

47. Guyon P, Petit A, Tempe J, Dessau Y, 1993, Transformed plants
producing opines specifically promote growth of opine-degrading
agrobacteria, 92-98.

48. Bulgakov VP, Tchernoded GK, Mischenko NP, Shkryl YN,
Fedoreyev SA, Zhuravlev YN, 2004, The rolB and rolC genes activate
synthesis of anthraquinones in Rubia cordifolia cells by mechanism
independent of octadecanoid signaling pathway, 1069-1075.

49. Vilaine F, Charbonnier C, Casse-Delbart F, 1987, Further insight
concerning the TL- region of the Ri plasmid of Agrobacterium rhizogenes
strain A4: transfer of a 1.9 kb fragment is sufficient to induce transformed
roots on tobacco leaf fragments, 111-115.

50. Georgiev MI, Agostini E, Ludwig-Miiller J, and Xu J, 2012,
Genetically transformed roots: from plant disease to biotechnological
resource, 528-537.

51. Nguyen, C. X., Dohnalkova, A., Hancock, C. N., Kirk, K. R., Stacey,
G., & Stacey, M. G., 2021, Critical role for uricase and xanthine
dehydrogenase in soybean nitrogen fixation and nodule development, 103
- 159.

52. Hu ZB, Du M., 2006, Hairy root and its application in plant genetic
engineering, J Inter Plant Biol, 48, 121-127.

53. Kereszt A, Li D, Indrasumunar A, Nguyen CDT, Nontachaiyapoom
S, Kinkema M, & Gresshoff PM, 2007, Agrobacterium rhizogenes-
mediated transformation of soybean to study root biology, 2, 948-952.

54. Lee S, Blackhall NW, Power JB, Cocking EC, Tepfer D, Davey MR,
2001, Genetic and mor- phological transformation of rice with the rolA
gene from the Ri TL — DNA of Agrobacterium rhizogenes, 917-925.

55. Bulgakov VP, 2008, Functions of rol genes in plant secondary
metabolism, 318-324.



45

56. Hussain M.J., Abbas Y., Nazli N., Fatima S., Drouet S., Hano C. &
Abbasi B.H., 2022, Root cultures, a boon for the production of valuable
compounds: A comparative review, Plants, 11, 439.

57. Khanam M.N., Anis M., Javed S.B., Mottaghipisheh J. & Csupor D.,
2022, Adventitious root culture an alternative strategy for secondary
matabolite production., 12, 1178.

58. Alamillo, Josefa M., et al, 2003, Clustered regularly interspaced
short palindromic repeats/CRISPR-associated protein and hairy roots: a
perfect match for gene functional analysis and crop improvement, 79,
102-176.

59. Hwang TY, Nakamoto Y, Kono I, Enoki H, Funatsuki H, Kitamura
K, Ishimoto M, 2008, Genetic diversity of cultivated and wild soybeans
including Japanese elite cultivars as revealed by length polymorphism of
SSR markers, 315-323.

60. Hinchee MAW, 1988, Production of transgeneic soybean plants
using Agrobacterium-mediated DNA transfer, Nat Biotech, 6(8), 915-922.

61. Zhang Z, Xing A, Staswick P, Clemente TE, 1999, The use of
glufosinate as a selective agenet in Agrobacterium-mediated
transformation of soybean, 56(1), 37-46.

62. Olhoft PO, Somers DS, 2001, L-Cysteine increases Agrobacterium-
mediated T-DNA delivery into soybean cotyledonary-node cells, 20(8):
706-711.

63. Paz MM, Shou HX, Guo ZB, Zhang ZY, Banerjerr AK, Wang K,
2004, Assessment of conditions affecting Agrobacterium-mediated
soybean transformation using the cotyledonary node explant, 136(2), 167-
179.

64. Paz M, Martinez J, Kalvig A, Fonger T, Wang K, 2006, Improved
cotyledo-nary node method using an alternative explant derived from

mature  seed  for efficient Agrobacterium-mediated  soybean



46

transformation, 25, 206-223.

65. Podevin N, Davies HV, Hartung F, Nogue F, Cassacuberta JM, 2013,
Sitedirected nucleases: a paradigm shift in predictable, knowledge-based
plant, 16(2), 140-162.

66. Korotkova AM, 2019, Current achievements in modifying crop
genes using CRISPR/Cas system, 631(527), 224-234.

67. CaiY, Chen L, Liu X, Sun S, Wu C, Jiang B, Han T, Hou W, 2015,
CRISPR/Cas9-mediated genome editing in soybean hairy roots, 10(8), 59-
102.

68. Jacobs TB, LaFayette PR, Schmitz RJ, Parrott WA, 2015, Targeted
genome modifications in soybean with CRISPR/Cas9, BMC Biotechnol,
131-152.

69. Kanazashi Y, Hirose A, Takahashi I, Mikami M, Endo M, Hirose S,
Toki S, Kaga A, Naito K, Ishimoto M, Abe J, Yamada T, 2018,
Simultaneous site- directed mitagenesis of duplicated loci in soybean
using a single guide RNA, 553-563.

70. Do, P. T., Nguyen, C. X., Bui, H. T., Tran, L. T., Stacey, G., Gillman,
J. D., ... & Stacey, M. G., 2019, Demonstration of highly efficient dual
gRNA CRISPR/Cas9 editing of the homeologous GmFAD2—-14 and
GmFAD2—-1B genes to yield a high oleic, low linoleic and a-linolenic acid
phenotype in soybean, 19, 1-14.

71. Lé Thi Nhu Thao, Nguyén Hong Nhung, Lé Quang Huy, Bui Phuong
Thao, L& Thu Ngoc, Pham Bich Ngoc, Chu Hoang Ha, DPd Tién Phat,
2020, Phdt trién hé théng cdam ung tao ¥é to in vitro trén mét sé giéng dau
twong phuc vu nghién civu biéu hién gen va chinh sita hé gen, Tap chi
Cong nghé Sinh hoc, 19(3), 459-470.

72. Nguyén Hong Nhung, Lé Quang Huy, Lé Nhu Thao, Pham Bich
Ngoc, Chu Hoang Ha, DS Tién Phat, 2018, Thiét ldp hé thong cam iing ré

to' trén giong dau twong Viét Nam va sir dung trong ddanh gid hoat déng



47

ciia cdu triic chuyén gen, Hoi nghi cong nghé sinh hoc toan qudc, 483-
487.

73. Cheng Y, Wang X, Cao L et al, 2021, Highly efficient
Agrobacterium rhizogenes mediated hairy root transformation for gene
functional and gene editing analysis in soybean, 17-73.

74. Olhoft PM, Flagel LE, Donovan CM, and Somers DA, 2003,
Efficient soybean transformation using hygromycin B selection in the
cytoledonary-node method, 723-735.

75. Cao D, Hou W, Song S, Sun H, Wu C, Gao Y, Han T, 2009,
Assessment of conditions affecting Agrobacterium rhizogenes-mediated
transformation of soybean, Plant Cell Tissue Organ Cult, 45-52.

76. Cheng Y, Wang X, Cao L et al, 2021, Highly efficient
Agrobacterium rhizogenes mediated hairy root transformation for gene
functional and gene editing analysis in soybean, 17-73.

77. Fan Y, Zhang X, Zhong L, Wang X, Jin L, Lyu S, 2020, One-step
generations of composite soybean plants with transgenic roots by
Agrobacterium rhizogenes-mediated transformation, 1-11.

78. Zhou L, Wang Y, Wang P, Wang C, Wang J, Wang X, Cheng H,
2022, Highly efficient Agrobacterium rhizogenes-mediated hairy root
transformation for gene editing analysis in cotton, Frontiers in Plant
Science.

79. Aggarwal PR, Nag P, Choudhary P, Chakraborty N, Chakraborty S,
2018, Genotype independent Agrobacterium rhizogenes-mediated
transformation of chickpea: a rapid and efficient method for reverse
genetics studies, 14-55.

80. Xu S, Lai E, Zhao L, Cai Y, Ogutu C, Cherono S, Han Y, Zheng B,
2020, Development of a fast and efficient root transgenic system for
functional genomics and genetic engineering in peach, 102-136.

81. Niazian M, Belzile F, Curtin SJ, de Ronne M, Torkamaneh D, 2023,



48

Optimization of in vitro and ex vitro Agrobacterium rhizogenes-mediated
hairy root transformation of soybean for visual screening of transfomants

using RUBY, Frontiers in Plant Science.

82. Guimaraes LA, Pereira BM, Araujo ACG, Guimaraes PM, Brasileiro
ACM, 2017, Exvitro hairy root induction in detached peanut leaves for
plant-nematode interaction studies, Plant Methods, Apr 11, 13-25.



Bang phu luc 1:

49

PHU LUC

Thanh phin maéi trudng sir dung cho chuyén gen

Tén moi trwong

Thanh phan méi trudng

Gico hat GM

3,1 g/L Mudi B5; 20 g/L Sucrose; 2.8 g/l Phytagel; pH:
5,8

Moi truong lay
nhiém khuén

CCM,

2.15g/L Mudi MS; 0,5 g/l MES; 20g/L. sucrose;
Img/L BAP; 0,25 mg/L GA3; 100mg/L AS; pH 5,7

Méi truong dong

nudi cdy CCM

2,15 g/L Mudi MS; 0,5 g/L MES; 20g/L sucrose;
Img/L BAP; 0,25 mg/L GA3; 100mg/L AS; pH 5,7;
2,8 g/l Phytagel

Moi truong rira

khuin RM;

2,15 g/ Mudi MS ; 0,5 g/l MES; 20g/L sucrose;
250 mg/L cefotaxime; pH 5,7

Moi trudong nudi

cdy tao ré to RM

2,15 g/L MS (Murashige and Skoog, 1962); 0,5 g/L
MES; 20g/L sucrose; 250 mg/L cefotaxime; pH 5,7;
2,8¢g/1 phytagel

Moi truong dinh
dudng BD

Dung dich A: 2 M CaCl,; Dung dich B 1 M KH,POy;
dung dich C 20 mM Fe-citrate; dung dich D: 0,5 M
MgSO,, 0,5 M K;,SO,4 , 2 mM MnSOy, 4 mM H;BO,,
1 mM ZnSO, , 4 mM CuSO, , 0,2 mM CoSO, , 0,2
mM Na,MoO,.

MS: Murashige and Skoog, 1962; B5: Gamborg B5;, MES: 2-(N-

acid

GA3:

Morpholino) ethanesulfonic acid, 4-Morpholineethanesulfo nic

monohydrate;, AS: BAP: 6-Benzylaminopurine,

Gibberellin.

acetosyringone,
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Bang phu luc 2: Thanh phan méi trwong sir dung cho nudi khuin

Tén moi trwong

Thanh phan méi trudng

LB, Moi truong nuodi

khuan R. rhizogenes K599

10 g/L Yeast Extract; 5 g/L. Peptone; 10 g/L
NaCl; pH: 7; 15 g/L bacto agar

MGL MGéi truong nudi
khuan R. rhizogenes

chung ATCC: 15834

5g/LL mannitol; 1g/L L-glutamic acid; 1g/1
MgS0,.7H,0; 0,25g/1 K,HPOy; 0,1g/L NaCl;
5g/L Tryptone; 2,5g/L. Yeast extract; pH: 7;
15 g/L Bacto agar

Moi truong HM

0,125g/LL. Na,HPOy,; 0,25 g/ Na2S04; 0,32
g/L NH,CI; 0,18 g/L MgS0O,.7H,0; 0,004 g/L
FeCls; 0,013 g/L CaCl,.2H,0; 1,3 g/L HEPES;
1,1 g/L MES; 5 g/L manitol; 0,25 g/L yeast
extract; 0,5g/L Arabinose; pH 6,6.
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SUMMARY

Mung bean (Vigna radiata (L.) R. Wilczek) is one of the economically important
legume crops in Asia. The demand for high quality mung bean seeds is currently
increasing. Moreover, the crop can fix the atmospheric nitrogen. Those make the crop is
suitable for sustainable agriculture and a major source of the plant-based protein foods.
Functional genomics study in mung bean is required to comprehend the molecular
mechanisms behind agronomic traits and elevate the crop trait improvement process;
however, it is severely hampered due to the lacking of efficient and large-scale genetic
analysis tool. Rhizobium rhizogenes-mediated hairy root transformation is a quick and
efficient alternative to investigate root-specific processes and interactions in different
species. In this study, we developed a protocol to generate hairy roots with low cost and
high transformation efficiency that has not been reported in mung bean. Using the method,
nearly 100% of the R. rhizogenes infected plants formed hairy roots and carried at least
three transgenic roots harboring the desired construct per plant. It only required twenty
days to complete the whole transformation process. In addition, the composite plants, that
are composed transgenic roots and wild-type shoot, were used to examine with the fixing
nitrogen bacteria and showed the GUS expression in nodules. In conclusion, our highly
efficient R. rhizogenes-mediated transformation system provides high throughput genetic
analysis assay for functional genetics study, and biotechnological application in mung
bean.

Keywords: Hairy root transformation, mung bean, nodulation, Rhizobium rhizogenes
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INTRODUCTION

Mung bean (Vigna radiata (L.) R.
Wilczek) is a traditional cultivated legume in
South, East, and Southeast Asia. Short
duration and low input requirements are the
advantages make mung bean as a suitable
rotation crop for small holder farmers. Mung
bean seeds are rich in protein, fiber, and
contain higher levels of folate and iron than
most other legumes (Keatinge et al., 2011).
Moreover, mung bean can fix atmospheric
nitrogen via root rhizobial symbiosis,
leading to improve soil fertility and texture
(Graham and Vance, 2003). Therefore, mung
bean is an ideal crop for sustainable
agriculture and has become a major source of
the plant-based protein foods.

Despite the socioeconomic importance,
genomic and genetic resources for molecular
breeding and crop improvement of the
legume lag behind others such as Medicago
truncatula, Lotus japonicus and soybean
(Sato et al., 2008; Schmutz et al., 2010;
Young et al., 2011; Varshney et al., 2013).
The draft genome of mung bean sequence
was recently constructed that covered 80%
of the estimated genome size (Kang et al.,
2014). The reference genome sequence is an
useful resource for developing molecular
markers that accelerate the mung bean
breeding program (Kim et al., 2015).
However, translational genomics, studies
comparing the genome organization or gene
structure and function of model versus crop
species, are not sufficient to study gene
function and improve mung bean crop traits
due to low-quality reference genomes, and
less effective molecular tools (Somta et al.,
2022). Genetic modification by
overexpression or gene knock-out is the
approach to investigate gene function, and
stable genetic transformation is an efficient
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gene analysis tool. However, the stable
transformation is labor-intensive and too
inefficient to be useful on a large scale. In
contrast, the transient transformation
especially  hairy root transformation
mediated by Rhizobium rhizogenes (R.
rhizogenes), provides an alternative fast,
efficient, and large-scale tool to study gene
function in plants. Importantly, the approach
would be effective tool to investigate genes
that are involved in root biology, such as
those functioning in symbiotic and
pathogenic interactions, biotic and abiotic
stress tolerance, or nutrient uptake (Nguyen
et al., 2021; Jain et al., 2023).

Though R. rhizogenes-mediated hairy
root transformation is well-established in
different legume species both in vitro and in
plant inoculation method, no systematic
method has been conducted in mung bean
using in vivo inoculation approach yet
(Somtaetal., 2022; Chen et al., 2023). In this
study, we established a rapid and highly
efficient R. rhizogenes-mediated hairy root
transgenic system for mung bean. The
transgenic efficiencies of different mung
bean genotypes were assessed based on the
GUS staining assay. In addition, the
approach is efficient for analyzing the
symbiotic interaction between mung bean
and nitrogen-fixing, Bradyrhizobium
Jjaponicum (B. japonicum) soil bacteria.

MATERIALS AND METHODS

Plant materials

Mature seeds of different mung bean
cultivars including DX1, DX2 and DX3 were
provided as gifts from Dr. Tran Thi Truong,
at the Legumes Research and Development
Center, Vietnam Academy of Agricultural
Sciences, Hanoi, Vietnam. These cultivars
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have been widely cultivated in the North
provinces of Vietnam and showed high yield
and adaptation.

Bacterial strains and plasmids

The R. rhizogenes K599 harboring the
pZY102 plasmid and microsymbiotic
nitrogen-fixing, B. japonicum USDAI110
were provided as gifts from Prof. Gary
Stacey at University of Missouri- Columbia,
MO, USA.

Seed sterilization and plant growth
conditions

Mung bean seeds were surface sterilized
with 70% ethanol for 1 min, followed by
10% Clorox for 10 min. They were then
rinsed four - five times with sterile deionized
water and germinated on trays that contain
72 pots and were filled with 1:1 (v/v) mixture
of sterilized perlite and vermiculite. Trays
were watered regularly with plant nutrient
solution B&D, supplemented with 1mM
KNOs3 (Broughton and Dilworth, 1971) and
maintained in an environmentally controlled
plant growth chamber (16:8 h light/dark
photoperiod, 27°C, 100% humidity).
Microsymbiotic nitrogen-fixing, B.
japonicum USDA110 was cultured in HM
medium (Cole and Elkan, 1973) with
0.004% chloramphenicol and grown at 28-
30°C for 3 days. After 3 days of culture,
bacteria were pelleted and diluted in sterile
water to an optical density, ODgoo of 0.02 for
inoculation.  Bacterial  solution  was
inoculated directly onto the composite mung
bean plants.

R. rhizogenes-mediated mung bean hairy
root transformation

The binary plasmid pZY 102 was used in

this study (Zeng et al., 2004). The GUS gene
that contains an intron and driven by CaMV
35S promoter was used as a selection
marker. Mung bean hairy root induction and
transformation procedures were developed
based on previous reports in soybean
(Nguyen et al., 2018; Nguyen et al., 2021)
with some modification. Briefly, the single
colony of R. rhizogenes K599 harboring the
pZY 102 plasmid was picked, streaked on the
LB  plates containing 50 mg/L
spectinomycin, and incubated at 28°C for
one day. A day before inoculation, fresh
bacterial culture of K599 was resuspended in
1 mL liquid LB medium, then spread on the
LB plates containing appropriate antibiotics.
The plates were incubated at 28°C overnight,
and fresh bacterial paste was used to
inoculate into the 2.5-3 days old seedlings.
The day of inoculation, the fresh bacteria
were collected by scraping on the surface of
the plates. Bacterial mass was stabbed
through the hypocotyl proximal to the
cotyledon using needles. Infected seedlings
were covered with a sterile transparent lid to
keep 100% humidity, and maintained in plant
growth chamber (16:8 h light/dark
photoperiod, 27°C). Twelve days after
infection, hairy roots about 0.5-1 cm in
length were observed and counted.

For mung bean nodule formation,
transgenic composite plants (mung bean
plant with hairy roots) were then inoculated
with B. japonicum USDA110. Nodules
produced on transgenic roots were harvested
at 25 dpi, confirmed for GUS expression.

DNA extraction and PCR assay

Chromosomal DNA was isolated using
CTAB method (Doyle, 1990), following
routine isolation techniques from hairy roots
for genotyping assay. Hairy roots that
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formed at the inoculated site of the infected
plant were collected, pooled, and used for
DNA extraction. The PCR amplification was
performed using GUS gene-specific primers
with PCR master mix (K0172, Thermo
Scienctific, USA). Specific primer pairs used
for genotyping were GUS-F:
TGGTGGGAAAGCGCGTTACAAG;

GUS _R:
ACCTGCCAGTCAACAGACGCGTG
were designed based on the GUS gene
sequence and synthesized by Phusa
Genomics, Can Tho, Vietnam. The PCR
products were analyzed by electrophoresis
on 1% agarose gel.

GUS  histochemical staining and
calculation of transformation frequency

Eighteen days after inoculation with
K599, fifteen to thirty plants per treatment
that formed hairy roots were randomly
collected, immersed in the GUS staining
solution and incubated at 37°C overnight
(Blazquez, 2007). Samples were then
transferred into ethanol 70% for clearing and
storage. The hairy root transformation
frequency was calculated by numbers of
plants produced hairy root per total
inoculated plants, and the transgenic roots
frequency was based on the numbers of
GUS-stained roots per total induced hairy
roots per plant.

Statistical analysis

Each experiment with 50 seedlings was a
biological replicate and repeated two
additional times. Sample means between
genotypes or treatments were compared
using one-way ANOVA followed by
Tukey's multiple range test. All statistical
analyses and graphs were performed using
Graphpad Prism v9.0 (GraphPad Software,
San Diego, California, USA).
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RESULTS AND DISCUSSION

Genotype-dependent in R. rhizogenes
mediated hairy root transformation in
mung bean

R. rhizogenes strain K599 causes hairy
root disease and effectively induces hairy
root formation in different plant species
including several legume species (Boisson-
Dernier et al, 2001; Kereszt et al., 2007
Geng et al., 2012; Aggarwal et al., 2018;
Nguyen et al, 2021). Moreover, the
composite plants that contain induced hairy
roots are effective material to study root
biology (Kereszt et al., 2007). Therefore, we
developed an efficient, simple and rapid R.
rhizogenes-mediated hairy root
transformation in vivo in mung bean using
strain K599. Three mung bean cultivars;
DX1, DX2, and DX3 were tested with R.
rhizogenes K599, and all genotypes produced
hairy root at the infected site at twelve days
after inoculation (Figure la-c). However,
hairy root induction frequency was different
among genotypes. While nearly 100% of the
tested seedlings from the cultivars DX1 and
DX2 produced hairy roots, this frequency
was significantly reduced in the DX3,
79.55% (Figure 1d). Not only the hairy root
induction frequency was low in the DX3,
numbers of hairy root per plant produced by
the DX3 were reduced to a half as compared
to other cultivars (Figure le). These data
suggested the hairy root induced by R.
rhizogenes K599 in mung bean was
dependent on genotype, and the DX1, DX2
cultivars performed better than the DX3 in
transformation efficiencies (98.85%1.15%,
98.75¢1.25% and  79.55+6.15%) and
numbers of root hair formation (7.1+£0.37,
6.5+£0.4, and 2.7+0.38). Induced hairy roots
transformation through R. rhizogenes has
been considered as genotype-independent
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approach to generate transgenic root that no
significant difference in hairy root induction
frequency were observed among tested
cultivars (Fan et al., 2020; Cheng et al., 2021;
Zhou et al., 2022). However, several reports
recently indicated that genotype is a critical
factor effect the transformation efficiency in
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R.  rhizogenes mediated hairy root
transformation (Aggarwal et al., 2018; Xu et
al., 2020; Niazian et al., 2023). Thus, our
results suggested that genotype is a critical
factor should be considered to examine
before establish R. rhizogenes mediated hairy
root transformation in mung bean.
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Figure 1. Hairy roots induction in three Vietnamese mung bean cultivars. Representative
photographs of mung bean plants: (a) DX1, (b) DX2, (c) DX3 produced hairy roots at 18 days post
injected with R. rhizogenes strain K599. (d) Hairy roots induction rate and (e) numbers of hairy roots
produced per plant at 18 days after injected with R. rhizogenes strain K599. Data represent means +
SEM, n > 44, Statistical analysis was done by one-way ANOVA followed by a post-hoc Tukey's

multiple range test, **** p < 0.0001.

To determine whether the induced hairy
roots are transgenic or not, we performed
GUS staining and PCR analysis for
independent infected plants. More than
fifteen hairy roots from each cultivar were
randomly selected for GUS  staining.

Consistence  with low  transformation
efficiency, the transgenic root ratio per plant
was also genotype dependent. Whereas 50-
53% of transformed roots from the cultivars
DX1 and DX2 were transgenic roots, only
29.08+6.29% of hairy roots produced by the
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DX3 cultivar were carrying the GUS gene
(Figure 2ab,c,e). PCR analysis further
confirmed that the induced hairy roots from
these cultivars were indeed transgenic roots,
contained GUS gene (Figure 2f).

Belongs to legume species, mung bean
can establish a symbiosis with rhizobia
(Graham and Vance, 2003). Therefore, to
evaluate the reliability of the approach to
study root biology in mung bean, we
inoculated the composite mung bean plants

(a) (b)

[N
\

Percentage of transgene roots

(c) (d)

Nguyen Xuan Cuong et al.

with nitrogen-fixing soil bacteria, B.
japonicum strain USDA110. Twenty-five
days after inoculation, nodules were formed
in the induced hair roots of the composite
plants. In addition, GUS staining showed
nodules and the hairy roots carrying the
nodules were positive transgenic roots and
nodules (Figure 2d). Thus, the result
indicates the method we developed here is
reliable and useful for root functional study
in mung bean.
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Figure 2. Verification of the transgenic hairy roots. (a-c) GUS staining assay of the 18dpi hairy roots
from DX1, DX2 and DX3 respectively. (d) Transgenic hairy roots carrying nodules at 25 days after
inoculation with B. japonicum USDA110 showed GUS expression. Red arrows indicate GUS-stained
nodules. (e) Positive hairy root transformation frequency from different mung bean genotypes. Values
are mean + SEM, n > 15. Statistical analysis was done by one-way ANOVA followed by a post-hoc
Tukey's multiple range test, ** p < 0.01. (f) PCR analysis of GUS gene in transgenic hairy roots. 1-3:
Hairy roots induced by K599; 4: non transgene root; -: negative control.

Detailed R. rhizogenes-mediated hairy
root transformation  protocol for
generating composite mung bean plants

The pipeline steps of R. rhizogenes-
mediated hairy root transformation in mung
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bean are shown in Figure 3. The method
described here is time and cost-efficient
approach to obtain transgenic roots that can
expect 80-100% of the R. rhizogenes-
infected plants, develop 6—7 hairy roots with
at least three transgenic roots carrying the
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desired gene construct within twenty days.
Briefly, mature mung bean seeds were
surface sterilized using ethanol 70% for one
minute, followed by 10% Clorox for ten
minutes. Seeds were then washed with four-
five times sterilized deionized water and
placed into sterilized perlite: vermiculite
with ratio 1:1 and watered with the sterilized
BD medium supplemented 1 mM KNOs3. The
tray containing seeds were covered with a
transparent lid sterilized with 70% ethanol,
and maintained in a growth chamber at 27°C.

Gene functional study

in root biology or plant
microbe interaction

On the same day as the sterilization of
the seeds, R. rhizogenes K599 harboring
the desired construct was streak on the LB
plate containing appropriate antibiotics
and incubated at 28°C for 2 days. The
single colony was resuspended in 1 mL
liquid LB medium, incubated at 28°C with
orbital shaking at 200 rpm for 2 h. About
200 pL of the bacterial suspension were
spread on the LB plate containing the
appropriate antibiotics and incubate at
28°C overnight.

Mung bean seeds were sterilized with

Clorox (10%) and germinated on BD Day 0
. medium supplemented with TmM KNO,
2.5 day old seedlings were infected
with R. rhizogenes K599 Day 3

rhizogenes K599, hairy roots were
induced at the infection site

|

‘ Twelve days after injected with R.

‘ J Day 14

Hairy roots could be used for validate | Day 20
vector constructs or further study
Nodules formed in transgenic hairy roots
could be used for gene functional study in Day 45
mung bean and BJ interaction

Figure 3. Workflow of the R. rhizogenes K599 —mediated hairy root transformation in mung bean to

study root biology. GOI (gene of interest).

On day 3, fresh bacteria were collected Three days

from the plates and used for inoculation.

after germination, healthy
seedlings with unfolded green cotyledons
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were used for the transformation
experiments. Bacterial paste was stabbed
through the central part of the hypocotyl
proximal to the cotyledon of the plantlets
using needle. R. rhizogenes infected plants
were watered with BD media, kept at high
humidity by covering the transparent lids,
and maintained under growth chamber
condition (27°C, 16:8 h light/dark
photoperiod). Tenth days after inoculation,
callus and hairy root were observed at the
infected sites.

When the hairy roots were approximately
5-10 cm in length, individual or all hairy
roots could be cut off for future analysis such
as CRISPR efficiency, mRNA expression of
gene of interest. In addition, the primary root
could be removed and transferred the
composite plant to new trays. Plants could be
inoculated with symbiotic bacteria, B.
japonicum USDA110 and phenotype and
genotype of the hairy roots can be analyzed
after three weeks.

CONCLUSIONS

In this study, we developed a simple,
fast, low cost and labor-efficient protocol
to generate hairy roots in mung bean for
functional genomic study. The method has
advantage over other approaches that it
does not require aseptic condition to
conduct the experiments and produce large
number of composite plants within three
weeks. This efficient, high-throughput
transformation method makes available to
analyze gene function and biotechnological

applications in different mung bean
cultivars.
Acknowledgments: We would like to
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‘ QUYET DINH
Vé viée thanh lap Hoi dong danh gia luéin van thac si
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rhizogenes. O vi tr lay nhiém xuét hién luong 16m ré to va sinh truong rit manh. Hé
thdng nudi cdy ré to di duoc tng dung trong quy trinh san xudt cac chat hoat tinh dac biét
la cac san pham thir cp. Bén canh d6, viéc tao ra ré to ciing c¢6 ¥ nghia trong cac nghién
ctru khac vi du nhw danh gia hoat dong cia cdu triic chuyén gen hay nghién ctru chinh sta
hé gen. Trong luén vin ndy, nhém tac gia nghién ciru tao 1é to & cdy dau xanh nham tao
ngudn nguyén liu cho cac nghién ctru khéc.

2. Suw trung lip ciia dé tai nghién ciru so véi cdc cong trinh khoa hoc, ludn van da
cong b trong va ngoai nudc; tinh trung thue, ré rang va day da trong trich dan
tai liéu tham khao

Pa ¢ mot s6 cong trinh nghién ctu tao 1€ to ¢ cdy dau twong cho cic muc dich khac

nhau, tuy nhién d6i tuong va ndi dung ctia nghién ciru nay c6 mot sb khac biét so véi cac

nghién ctru trude d6. Luan vin trich din tuong doi day du, 18 rang cac tai liéu tham khao.



3. Su phu hop giita tén dé tai véi noi dung nghién ciru cling nhw véi chuyén nganh
va mi s6 dao tao

Cac ndi dung cta dé tai luan vin phu hop vai tén dé tai, véi chuyén nganh dao tao (Sinh

hoc thuc nghiém) va ma sb dao tao.

4. D) tin cdy va tinh hi¢n dai cia phwong phap nghién ctru di duoc siv dung dé
hoan thanh luin vin

Tac gia da st dung cac phuong phap nghién ciru co ban duge dung trong chuyén nganh

bao gom cac phuong phap nudi cdy vi khuan, phuong phép 1ay nhiém tao 1€ to & cay dau

xanh, phuong phap danh gia kha nang tao ré to va kiém tra sw c6 mit cua gen bang chi thi

mau hodc san phém PCR st dung trinh tu mdi dic hiéu. Pay la cac phuong phip co ban

thuong duoc dung trong nghién ciru. Cac phuong phap hién dai, dam bao dé tin cdy cua

cac két qua nghién ciru thu duoc.

5. Kétqua nghién ctru cia luén vin

- Tac gia da thi nghiém tao ré to trén 3 giong dau xanh va xac dinh duoc hiéu qua
cao nhat trén gidng DX2.

- Da thir nghiém hiéu qua chuyén gen cta hai chung vi khuén R, rhizogenes K599
va ATCC 15834, két qua cho thy chiing K599 cho hiéu qua cam @ng tao té to tot
hon.

- Céc 1€ to in vivo chuyén gen trén cdy déu xanh cé kha nang tuong tac va lay
nhiém béi vi khuan Bradyrhizobium Japonicum USDA110 dé hinh thanh nét san.

6. Nhiing han ché, thiéu s6t cia ludn viin vé ndi dung, hinh thirc va cau héi

Luén van c6 mot s 164, tac gia nén xem xét chinh stra, cu thé nhu sau:

- Tén & tai chua phu hop voi ndi dung nghién ciru

- Chinh sira lai ndi dung nghién ctru 1 — chuyén gen vio té bao thuc vat v tao 13 to chir
khong phai chuyén vao ré to.

Phin téng quan

- Trang 6, doan 2 dong thit 4 tir trén xudng — cdu khong rd nghia.

- Trang 11, phan (¢) nén chinh stra lai

- Trang 12, cudi doan 2 — cau thiéy



- B4 sung co ché phén tit ciia qua trinh chuyén gen tir vi khuan R. rhizogenes sang thuc

vat.

- Bd sung co ché hinh thanh ré to. Han ché phan tong quan lién quan dén Opine.

- Can tong quan thém céc thanh tyu ctia cong nghé hinh thanh ré to

Phin phwong phdp

- Trang 16, cudi doan 2 - bd hoc ham.

- Trang 19, thay 3 tiéng bang 3 gio

- B6 sung cac phwong phap nghién citu cho ndi dung 2 — Thiét 1ap hé thong cam tng tao

ré to in vivo va danh gia hoat dong cia cau triic chuyén gen trén 1é to in vivo cdy déu

xanh.,

Phiin két qua va théio ludn

- Hinh 3.1; 3.2 va 3.3 nén chu thich r6 rang cho truc tung, bo sung ki hiéu a, b, ¢ cho

nhiing sai khac c6 y nghia thong ké.

- Hinh 3.6 mo¢ - nén v€ lai.

- Hinh 3.2. Ti 1& c4m tng tao ré to sau 24 gio 1ay nhiém duoc tinh theo ti 1€ nao? So véi

ban dau hay so véi mo seo?

- Giai thich co ché hinh thanh 1é to nhiéu hay it (hinh 3.3) 14 do dau?

- Tac gia giai thich 16 hon quy trinh trong hinh 3.5.

Phan két luin

- Nén viét lai cho gon, néu bat cac két qua chinh cua luén van, trdnh ké lai cac két qua

chinh d3 dugc dé cap trong phan két qua va thao luan.

Phan tai liéu tham khdo

- Chinh stra lai theo mot mau théng nhat: xem lai cach viét mot s6 tai liéu vi du 3, 12,..

- Khong nén tham khao khéa ludn cta sinh vién (tai licu 1)

7. Néu tac gia chua viét bai bao khoa hoc thi ndi dung ciia luan vin c6 thé duoc
viét thanh cac bai bao dé gii diing trén cac tap chi khoa hoc, sich chuyén nganh
hoic tuyén tap cong trinh hdi nghi khoa hoc cAp quéc gia, qudc té hay khong?

Noi dung nghién ciru va cac két qué co ban cua luan van dd duoc cong bd trén tap chi

Cong nghé Sinh hoc.



8. K&t ludn chung
Hinh thirc va ndi dung cia luan van dap ‘mg yéu cau cia mot luan van thac si chuyén
nganh Sinh hoc thyc nghiém theo quy ché dao tao thac si cia B6 Gido duc va Dao tao.
Luén van ¢6 di didu kién dé bao vé trude Hoi ddng dé tac gia nhan hoc vi Thac si.
Ha néi, ngay 14 thang 5 nam 2024
Ngudi viét nhan xét
(Ky va ghi 0 ho tén)
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PGS.TS. Doan Vian Thugc



CONG HOA XA HOI CHU NGHIA VIET NAM
BDoc 1dp — Tw do — Hanh phiic

BAN NHAN XET PHAN BIEZN LUAN VAN THAC ST

Ho va tén nguot nhan xét:. Pham. ﬂﬂf«h f\/c}oc ................... Hoc ham, hoc vi: .Pa<.J< .
Chtrc danh trong Hoi dong: PMW b’l.&n Bl et

Co quan cOng téc: ......Vdia.... &5)){{ 71%&,& S?ILH/&WC .......................................
Ho va tén hoc vién: ----T%bn- . IiuLOCl/la/ .................................................

Tén dé tai; N ,U/) edu W/ /ﬂw QCZM’I v Vao

Chuyén nganh: Sinh hoc thuc nghlem Mi s6: 84201 14
NOI DUNG NHAN XET

1. Tinh cép thiét, tmh thoi su, y nghia (hoa hoc va thuc tlen clia dé tal uédn van;

BE drn... Ao et /&L  Dd. W v@@m ORI AT
eag dm(xm, /{wf qma 20, g ngﬂm ,Mwa( f% hﬁmngc
Wa gbw’y(}mc%z,wxg ﬂmng@m wu...ﬁa&....&&m’f

WW gl il cluind. s, ngum%

2. Sy khong tring lap clia dé tai nghién ctru so véi céc cong trinh khoa hoc, luan vin
da cong bd & trong va ngoai nudce; tinh trung thye, rd rang va ddy db trong trich din tai
liéu tham khéo:

ﬁeﬁﬁfdi Mum#;f y

’Nj(m,&m el h‘o??&i‘?udk
AR..., vaq vy .F. C«dt{, ,Zz(/’l) e /H /‘ﬂu)
MX ............. ca% ..... ... éf?uL ch&« VL,U INQAL L i

................................................................................................................................................

................................................................................................................................................

3. Su phit hop gitta (én dé tai v&i ndi dung nghién ctru cling nhu voi chuyén nganh va
ma s0 dao tao:

Nd) Mz& '?Lgfu&w et Pﬁw zéo{(f?‘[&” 0. dE 7. WW W
INna

- N, du%.d.;......’f,éu,d i A,
7'//"@% quw....m M. fa')f’wm fr.n

_ W ........ /M ...... //w .....




4, D0 tin cdy va tinh hién dai ctia phuong phip nghién ctru dé st dung dé hoan thanh
luén van: —_

g
e

................................................................................................................................................

................................................................................................................................................

5. Két qua nghién ctru ctia luén vén:

-ﬂmm{d aéd‘nﬁ dade. q%mm ....... caim.. jzm..m..ﬁdzy.uﬁbg

elutugpeia!. gli... ﬂm 2 qm /’5 ..... 0. A, W azu.xan Vi
,ﬁo?xagddrﬁ .................... cam(d AT, 1. //D AR

................................................................................................................................................
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................................................................................................................................................
................................................................................................................................................
................................................................................................................................................
.................................................................................................................................................
................................................................................................................................................

7. Neu tac gia chua viét bai bdo khoa hoc thi ndi dung ctia luan van c6 thé dugce viét

thanh cdc bai bdo dé gii dang trén trén tap chi khoa hoc, sdch chuyén nganh hoic
tuyén tdp cong trinh hdi nghi khoa hoc cap quoc gia, quoc té€ hay khdng?

...............................................................................................................................................

................................................................................................................................................
................................................................................................................................................



8. K&t luan chung (khing dinh muc do dap tng céc yéu cdu ddi véi mot ludn vin Thac
sT; luén van c6 thé dua ra bao vé€ d€ nhén hoc vi Thac st dugc hay khong?):

1@@ ..... waw vam.....a.LaP A«f:? . VA LY, dm Aloe.a.troc
&fmw ..... el PO, AT
laM zfé.... ‘ Mm{}g qua. /ﬁuafn'vaxova}éoc

................................................................................................................................................

................................................................................................................................................

M. ngay A4. thang 05 nim 2024

Ngwdoi nhin xét
(Ky, ghi r0 ho tén)

fatf—

Pleun ik Ngac

L y:
- Nhan xét dwoc lam thanh 02 bdn, ¢ chit ky ciia ngueoi nhdn xét va giti vé phong Ddo tao

02 ngay trecc budi béo vé.

- Dija chi lien hé: CV. Nguyén Thi Minh Tam phong Pdo tao, Hoc vign Khoa hoc va Cong
nghé, Vién Han lam Khoa hoc va Cong nghé Viét Nam. 18 Hoang Quoc Viét, Cau Gidy,
Ho Noi. DT02438689977- 0946082099



VIEN HAN LAM
KHOA HOC VA CONG NGHE VN
HOC VIEN KHOA HQC VA CONG NGHE

CONG HOA XA HQI CHU NGHIA VIET NAM
Doc lap - Tw do - Hanh phic

BAN GIAI TRINH CHINH SUA LUAN VAN
THEO KET LUAN CUA HOQI PONG PANH GIA LUAN VAN THAC Si

Ho tén hoc vién: TRAN THI LOAN Lop: BIO - 2022A

Tén dé tai luan van: “Nghién ctru thiét lap hé thong cam tng va chuyén gen vao ré
to cay dau xanh (Vigna radiata (L.) Wilczek)”

Nganh: Sinh hoc thuc nghiém
M3 s6: 8420114

Nguoi huéng dan khoa hoc: Huéng dan 1: TS D3 Tién Phat

Huéng dan 2: TS Nguyén Xuan Cuong
Ngay bao vé luan van: 16/5/2024.

stra luan van nhu sau:

Can cu bién ban hop hoi dong danh gid luan vin thac si, hoc vién d& chinh

STT | NOoi dung dé nghi bo sung, chinh sira | Noi dung dé bd sung, chinh
stra
1 Phin tong quan: - Ba chinh stra céc 16i chinh
- Trang 6, doan 2 dong th 4 tir trén | td va dién dat & cac trang 1,
xudng — cau khong rd nghia. 3,6,11, 12, 14.
- Trang 11 phan ¢ nén chinh stra lai. - Pd bd sung co ché hinh
- Trang 12, cudi doan 2 — cau thiéu. thanh ré to va co ché phan
- Mot s6 161 dién dat trang 10, 11. tir clia qua trinh chuyén gen
- Chinh lai tén vi khuan & trang 7. tir vi khuan R. Rhizogenes
- Mot s6 16i chinh ta, thuat nglt dung | sang thuc vat.
chua théng nhét trang 1,5,6,11, 12, 14. | - DA bo sung thém cac
- B sung co ché hinh thanh ré to va co | thanh tyu vé nghién clu ré
ché phén tir ctia qud trinh chuyén gen tir | to trén thuc vat.
vi khuén R. Rhizogenes sang thyc vit,
han ché phan téng quan lién quan dén
Opine.
- Can tdng quan thém céc thanh tuu
trong nghién ctru ré to trén thuc vat.
2 | Phan phwong phap: - D chinh stra 16i chinh ta
- Trang 16, cudi doan 2 - bo hoc ham. va thuat ngt 6 céc trang 16,
- Trang 19, thay 3 tiéng bang 3 gid. 18, 19
- M6t s6 18i chinh ta trang 18, 19.




3 | Phan két qua va thio luan: - Dé chinh stra 161 chinh ta
- Mot s6 161 chinh ta trang 27, 29, 31 O cac trang 27, 29, 31.

- Hinh 3.6 mo. - Pi thay hinh 3.6 bang
hinh mai rd nét hon.
4 Phan ket luan: - Da viét lai két luan cho

- Nén viét cho gon lai, néu bt cac ket | ngan gon, phu hop.
qua chinh cuda luan van.

5 | Phan tai liéu tham khio: - D4 chinh sira lai tai lidu
- Chinh sura lai theo m¢t mau thong | tham khao theo mot mau
nhat. chung thong nhat.

Ha Noi, ngay AF thang S nam 2024

CHU TICH HO1 PO TAP THE HUONG DAN HOQC VIEN
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GS.TS. Chu Hoang Ha D& Tién Phat Nguyén Xuin Cuong Tran Thi Loan
XAC NHAN CUA W%P (5548




